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Abstract
Background. Chronic obstructive pulmonary disease (COPD) is associated with various comorbidities, which 
influence the course of COPD and worsen prognosis.

Objectives. The aim of this study was to analyze the comorbidities in a cohort of COPD patients in Poland 
during 12 months of observation.

Material and methods. A total of 444 COPD patients (median age: 66.1 years) in all stages of airflow limita-
tion severity were enrolled. Medical histories and a questionnaire concerning comorbidities were analyzed 
at baseline and after 12 months (data of 267 patients available). Anthropometric data, pulmonary function, 
and body mass index, airflow obstruction, dyspnea, and exercise capacity (BODE index) were assessed.

Results. No comorbidities were reported in 9 patients (2.0%), 101 patients (22.7%) had 1–2 comorbidities, 
243 (54.7%) had 3–5, and 91 (20.6%) had more than 5 comorbidities. Cardiovascular diseases (CVDs) were 
the most frequent ones, followed by peptic ulcer, obstructive sleep apnea (OSA), diabetes, gastroesophageal 
reflux disease (GERD), and osteoporosis; 11 patients had a history of lung cancer. Cachexia was observed 
in 11 cases, overweight in 136 cases and obesity in 139 cases. The incidence of CVDs increased with time. 
The number of comorbidities correlated with the body mass index (BMI) and the number of hospitaliza-
tions for extra-pulmonary causes, but not with airflow limitation. The BODE index score increased with the 
number of comorbidities.

Conclusions. In a cohort of Polish COPD patients, the most frequent comorbidities were CVDs. The number 
of comorbidities affected the BODE index, but not airflow limitation. The BODE index is better than forced 
expiratory volume in 1 s (FEV1) in the rating of COPD patients’ condition. The BMI correlated with the number 
of comorbidities as well as the number of hospitalizations for extra-pulmonary causes.
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Introduction

Chronic obstructive pulmonary disease (COPD) is cur-
rently recognized as a  systemic disease and, as such, 
it  is associated with many systemic disorders and co-
morbidities. According to the recommendations of the 
Global Initiative for Obstructive Lung Disease (GOLD) 
guidelines, the most frequent disorders are cardiovas-
cular diseases (CVDs), body composition disorders, 
sarcopenia, osteoporosis, depression, and lung cancer.1 
Additionally, some other concomitant disorders, like 
asthma-COPD overlap2 or obstructive sleep apnea (OSA)-
COPD overlap syndrome,3 are also listed. Mapel et al. 
showed that only 6% of the studied patients with COPD 
had no other chronic medical conditions. The average 
number of diseases in the COPD cohort was 3.7 vs 1.8 
in  the control group.4 Van Manen et al. reported that 
over 50% of 1,145 patients with COPD had more than 1 
comorbidity, 15.8% had between 3 and 4 comorbidities, 
and 6.8% had 5 or more comorbid conditions.5 The co-
morbidities influence the frequency and duration of hos-
pitalization6,7 and contribute to COPD-related mortality.7 
In COPD patients, cardiovascular disorders, malignancies 
and other pulmonary diseases (acute or chronic respira-
tory failure, cor pulmonale with edema, or pulmonary 
infections) were responsible for deaths of 14–40%, 7–60%, 
and 4–26% of the patients, respectively.8 This finding was 
validated by our previous study, in which approx. 12% 
of deaths were associated with CVDs.9 Comorbidities 
also affect quality of  life,10 as well as COPD severity.11 
Depression, osteoporosis and musculoskeletal alterations 
are frequently diagnosed in patients with severe COPD.11  
Frei et al. found that depression, anxiety, peripheral artery 
disease, cerebrovascular disease, and symptomatic heart 
disease most strongly affected the patients’ health status, 
and they proposed the use of an index that reflects the im-
pact of comorbidities on the health status of patients with 
COPD – Comorbidities in Chronic Obstructive Lung Dis-
ease (COMCOLD).12 It is known that a common risk fac-
tor for COPD and some comorbidities is smoking. In the 
Polish part of the Burden of Obstructive Lung Disease 
(BOLD) study, the prevalence of COPD increased with 
exposure to tobacco smoke.13

The main aim of our study was to evaluate the preva-
lence of comorbidities in a cohort of patients with COPD 
in Poland during 1 year of observation, and to estimate the 
relationship between the presence of comorbidities and air-
flow limitation severity and the body mass index, airflow 
obstruction, dyspnea, and exercise capacity (BODE) index.

Material and methods

The study is a part of a National Center for Research 
and Development project called “Chronic obstructive 
pulmonary disease (COPD) – a systemic disease, the big-
gest threat of the 21st century” (13 0034 06/2009). Chronic 
obstructive pulmonary disease was diagnosed according 
to the GOLD definition.1 The study group consisted of 444 
consecutive COPD patients (69% males) at a median age 
of 66.1 years, with an interquartile range (IQR) of 59.0–74.0,  
in all stages of disease severity, recruited from the out-
patient clinics of the Department of Internal Medicine, 
Pulmonary Diseases and Allergy, Medical University 
of Warsaw, Poland, and our partners from Poznań, Gdańsk, 
Lublin, Wrocław, and Katowice. The median COPD dura-
tion was 6.0 years (IQR: 3.0–10.0) and the median number 
of pack-years was 37.8 (IQR: 25.0–50.0). The inclusion cri-
teria were COPD diagnosis and written informed consent. 
The patients were evaluated at baseline (V1) and 267 pa-
tients were reassessed during a  follow-up examination 
after 12 months (V2). The reasons for the discrepancies 
between the numbers of subjects in V1 and V2 were death 
of the patients (n = 40), withdrawal of consent (n = 34) and 
being lost to follow-up (n = 103).

The basic characteristics of the investigated group are 
presented in Table 1.

Chronic obstructive pulmonary disease comorbidities 
were defined as other diseases coexisting with COPD and 
affecting the natural history of COPD.1 The list of comor-
bidities for each patient was established during the 1st con-
sultation (V1) based on the detailed analysis of medical 
documentation, medications used, clinical examination, 
and laboratory results. Data on the presence of the follow-
ing comorbidities was analyzed: CVDs (arterial hyperten-
sion, coronary heart disease, myocardial infarction, and 
arrhythmia), cerebrovascular diseases, diabetes, peptic 

Table 1. Basic anthropometric data of the investigated group at the 1st (V1) and 2nd (V2) examination

Variables V1 (n = 444) V2 (n = 267) p-value 

BMI [kg/m2] 27.1 (23.4–31.2) 27.6 (24.0–31.8) 0.46

mMRC 2.0 (1.0–3.0) 2.0 (1.0–3.0) 0.43

FEV1 [% of predicted value] 50.0 (37.4–64.8) 52 (39–63) 0.31

FEV1 ≥50% of predicted value
FEV1 <50% of predicted value

221 (49.8)
223 (50.2)

142 (53.2)
125 (46.8)

0.36

Number of hospitalizations due to pulmonary 
and extra-pulmonary causes

1.0 (0–1.0) 0.0 (0–1.0) 0.99

Data is presented as median (interquartile range – IQR) or as n (%); BMI – body mass index; mMRC – modified Medical Research Council scale; FEV1 – forced 
expiratory volume in 1 s; COPD – chronic obstructive pulmonary disease; V1 – the 1st consultation; V2 – the follow-up consultation.
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ulcers, gastroesophageal reflux disease (GERD), anemia, 
obstructive sleep apnea (OSA), malignancy (lung and other 
cancers), bone density abnormalities (osteoporosis and 
osteopenia), impaired nutritional status, chronic renal 
disease, and hypothyroidism.

The patients were subjected to the following procedures:
– spirometry with bronchial reversibility testing (Lung-

test 1000; MES sp. z o.o., Skawina, Poland) in accordance 
with the recommendations of the American Thoracic So-
ciety/European Respiratory Society (ATS/ERS)15;

– a 6-minute walk test (6MWT) in accordance with the 
ATS recommendations15;

– an assessment of dyspnea with the modified Medical 
Research Council scale (mMRC)16;

– the BMI evaluation, calculated as body mass di-
vided by the square of the height (underweight was de-
fined as BMI < 18.5  kg/m2, healthy weight as 18.5 ≤ 
BMI < 25 kg/m2, overweight as 25 ≤ BMI < 30 kg/m2,  
and obesity as BM ≥ 30 kg/m2);

– the bone mineral density (BMD) assessment within 
the posterior–anterior lumbar spine (L1–L4) and the femo-
ral neck, performed with dual-energy X-ray absorptiom-
etry (DEXA), using a Discovery Densitometer (Hologic, 
Waltham, USA) according to the manufacturer’s recom-
mended standard procedures (osteopenia was diagnosed 
for a  T-score between –1.0 and –2.5, osteoporosis for  
a T-score ≤–2.5 SD);

– laboratory tests (blood count, thyroid stimulating hor-
mone (TSH), serum creatinine concentration, glomerular 
filtration rate (GFR), and glucose), all performed in the 
morning after fasting in the central hospital laboratory, 
using routine methods;

– the BODE index calculation17;
– monitoring the number of COPD exacerbations and 

hospitalizations due to pulmonary and extra-pulmonary 
causes.

The same procedures were performed at V1 and V2.
For further analyses, the patients were divided into:
– group I (without comorbidities);
– group II (1–2 comorbidities);
– group III (3–5 comorbidities);
– group IV (more than 5 comorbidities).

According to the degree of airflow limitation, measured 
by forced respiratory volume in 1 s (FEV1), the patients 
were divided into:

– group 1 (patients with mild and moderate airflow limi-
tation, FEV1 ≥ 50% of predicted value);

– group 2 (patients with severe and very severe airflow 
limitation, FEV1 < 50% of predicted value).
According to GOLD 2017 guidelines, the patients were 
divided into:

– group A;
– group B;
– group C;
– group D.

Statistical analysis

Statistical analysis was performed using STATISTICA 
v. 10 (StatSoft Inc., Tulsa, USA). The Shapiro-Wilk test 
was used to estimate the normality of the data distribu-
tion. The data was presented as mean ± standard devia-
tion (SD), or as median and interquartile range (IQR), 
when appropriate. As the majority of the analyzed vari-
ables demonstrated a non-normal distribution, the Mann-
Whitney U test and the analysis of variance (ANOVA) 
Kruskal-Wallis rank test were applied for group compari-
sons; the correlations were analyzed by the Spearman’s 
rank correlation test. Categorical data was compared 
by the χ2 analyses. A p-value <0.05 was regarded as sta-
tistically significant.

The  study was approved by  the Bioethical Com-
mittee of  the Medical University of  Warsaw, Poland  
(KB 207/2008), and all patients gave written informed con-
sent before enrollment in the study.

Results

No comorbidities were found in 9 patients (2.0%, group I), 
101 patients (22.7%, group II) had 1–2 comorbidities, 243 
(54.7%, group III) had 3–5 comorbidities, and 91 (20.6%, 
group IV) had more than 5 comorbidities. Patients with 
more comorbidities were older and had higher BMI and 

Table 2. Patient characteristics in relation to the number of comorbidities

Variables Group I
n = 9

Group II
n = 110

Group III
n = 243

Group IV
n = 91

Age [years] 59 (56–68)# 62 (57–70)@,** 67 (59–75)@,& 72 (63–76)#,**,&

BMI [kg/m2] 24.6 (21.2–28.7) 25.1 (21.8–29.4)@,** 27.1 (23.7–31.5)@ 28.7 (24.8–32.4)**

mMRC 2.0 (2.0–2.0) 2.0 (1.0–2.0)@,* 2.0 (1.0–3.0)@ 2.0 (2.0–3.0)*

FEV1 [% of predicted value] 44.9 (26.4–58.2) 53.3 (41.7–68.3)@ 46.6 (35.6–60.4)@,& 56.0 (46.0–68.4)&

Pack-years of tobacco smoking 30.0 (28.2–40.0) 40.0 (29.0–48.0) 36.0 (22.0–50.0) 37.5 (26.5–50.0)

COPD duration [years] 4.0 (3.0–10.0) 5.0 (2.0–10.0)@,* 7.0 (3.0–11.0)@ 6.5 (3.0–11.0)*

BMI – body mass index; mMRC – modified Medical Research Council scale; FEV1 – forced expiratory volume in 1 s; COPD – chronic obstructive pulmonary 
disease; group I – no comorbidities; group II – 1–2 comorbidities; group III – 3–5 comorbidities; group IV – more than 5 comorbidities; I vs IV: # p < 0.05; II vs 
III: @ p < 0.05; II vs IV:  * p < 0.05; ** p < 0.001; III vs IV: & p < 0.05.
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mMRC scores. We did not observe a correlation between 
the number of comorbidities and COPD airflow limitation 
severity (Table 2).

The number of comorbidities was related to the BODE 
index. The BODE index scores for group I vs group II vs 
group III vs group IV were 1.5 ±0.7 vs 2.6 ±2.6 vs 3.5 ±2.5 
vs 2.8  ±2.5, respectively. Differences in  the BODE in-
dex between groups II and III as well as groups III and 
IV were statistically significant (p = 0.002 and p = 0.02, 
respectively).

Cardiovascular diseases were the most frequent comor-
bidities. Forty-five patients underwent percutaneous trans-
luminal coronary angioplasty (PTCA) and 9 patients had 
coronary artery bypass grafting (CABG). We did not find any 
difference in the number of comorbidities in patients strati-
fied according to the degree of airflow limitation (Table 3).

During V1 we observed significant differences between 
groups 1 and 2 in the nutritional status. Patients classified 
as group 1 had higher BMI than patients from group 2 
(29.0 ±6.1 kg/m2 vs 26.7 ±6.1 kg/m2). There were 145 patients 
(33%) with normal body weight: 28% of patients in group 1 
and 37% in group 2. Overweight was diagnosed in 32% 
of the whole group (32% and 29% of patients in groups 1 
and 2, respectively) and obesity was diagnosed in 32% of the 
whole group (37% and 25% of patients in groups 1 and 2, 
respectively). The distribution of nutritional categories 
in patients with different degrees of bronchial obstruction 
was significant (p < 0.001). We also found some significant 
correlations between the number of comorbidities and BMI 
(r = 0.25; p < 0.0001), and the number of hospitalizations 
due to extra-pulmonary causes (r = 0.27; p < 0.0001).

Bone densitometry was performed in 144 subjects during 
V1 and revealed osteopenia and osteoporosis in 66 patients 

(45.8%) and 41 patients (28.5%), respectively. No differences 
in the frequency of bone metabolism abnormalities were 
found between groups 1 and 2.

We analyzed the number of comorbidities according the 
GOLD 2017 groups for 373 patients and found differences 
only for the total number of comorbidities between groups A  
and D (3.7 ±1.9 vs 4.4 ±2.0; p = 0.017).

Two hundred and sixty-seven patients attended the 2nd 

consultation after 12 months. The most frequently re-
ported new incidents were CVDs: coronary heart disease 
(n = 12), myocardial infarction (n = 6), arterial hyperten-
sion (n = 7), arrhythmia (n = 13), cerebral stroke (n = 1), and 
transient ischemic attack (n = 2). Two new cases of diabetes 
and 5 new cases of lung cancer were diagnosed.

Discussion

The present study showed that in a cohort of Polish COPD 
patients, there was a significant rate of comorbidity. Only 
2% of patients did not report any comorbidities. The great-
est was the incidence of CVDs. Cardiovascular diseases 
were also the most frequently reported newly diagnosed 
diseases during the 12-month observation. The prevalence 
of the individual comorbidities did not differ significantly 
in relation to the degree of airflow limitation, with the 
exception of cachexia, which was present only in patients 
with severe and very severe airway obstruction. The cor-
relations between the number of comorbidities and the 
BODE index suggest that the presence of comorbidities 
affects the natural history of COPD. Our study contributes 
to the evaluation of the global burden of COPD and offers 
an insight into the characteristics of COPD patients in the 
Polish population.

Table 3. The prevalence of comorbidities in patients with FEV1 ≥ 50% and FEV1 < 50% of the predicted value (groups 1 and 2, respectively)

Comorbidities Whole group (n = 444)
n (%)

FEV1 ≥ 50% (n = 221)
n (%)

FEV1 < 50% (n = 223)
n (%) p-value 

Arterial hypertension 273 (61.5) 144 (65.2) 129 (57.8) 0.31

Coronary heart disease/ 
myocardial infarction

134 (30.1)
48 (10.8)

72 (32.6)
23 (10.4)

62 (27.8)
25 (11.2)

0.53
0.93

Arrhythmia 112 (25.2) 54 (24.4) 58 (26.0) 0.92

Diabetes 85 (19.1) 41 (18.6) 44 (19.7) 0.62

Cerebrovascular diseases:
cerebral stroke
transient ischemic attacks

16 (3.6)
6 (1.3)

9 (4.1)
4 (1.8)

7 (3.1)
2 (0.9)

0.79
0.27

Peptic ulcers 96 (21.6) 55 (24.9) 41 (18.4) 0.29

GERD 81 (18.2) 44 (19.9) 37 (16.6) 0.16

Anemia 62 (14.0) 31 (14.0) 31 (13.9) 0.34

OSA 96 (21.6) 51(23.1) 45 (20.2) 0.64

Malignancy:
lung cancer
other cancer locations

11 (2.5)
32 (7.2)

5 (2.3)
19 (8.6)

6 (2.7)
13 (5.8)

0.81
0.15

Chronic renal disease 361 (81.3) 172 (77.8) 189 (84.8) 0.048

Hypothyroidism 36 (8.1) 18 (8.1) 18 (8.1) 0.63

FEV1 – forced expiratory volume in 1 s; GERD – gastroesophageal reflux disease; OSA – obstructive sleep apnea.
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Our results confirm the observations of other authors. 
The Rotterdam study showed that the risk of sudden car-
diac death is higher in COPD patients.18 According to Cha-
tila et al., the frequency of CVDs in COPD patients ranged 
from 13 to 56%; the frequency of arterial hypertension 
was as high as 15–82%.8 In our study, arterial hyperten-
sion was also the most prevalent CVD. The common risk 
factors for COPD and CVDs are smoking and systemic in-
flammation.8 However, other researchers do not share this 
opinion. Sin and Man found that a concomitance of COPD 
and ischemic heart disease was independent of smoking 
history, BMI, arterial hypertension, and serum cholesterol 
concentration; however, these authors found that a de-
crease of FEV1 by 10% was associated with a 14% increase 
in all-cause mortality, a 28% increase in mortality due 
to CVDs and an increase of nonfatal coronary events by al-
most 20%. The authors concluded that COPD is a powerful, 
independent risk factor for cardiovascular morbidity and 
mortality.19 The Evaluation of COPD Longitudinally to 
Identify Predictive Surrogate Endpoints (ECLIPSE) study 
showed that COPD patients with CVDs reported a worse 
quality of life, a shorter walking distance in the 6MWT, 
a higher MRC score, and a higher value of the BODE in-
dex.20 Our study confirmed that the BODE index values 
increased with the total number of comorbidities. Never-
theless, the incidence of CVDs did not increase with COPD 
airflow limitation severity. This finding is in agreement 
with the report by Lange et al.21 However, these authors 
reported a higher incidence of cerebral stroke in patients at 
the GOLD 2 stage of severity. In our cohort, the incidence 
of cerebral stroke was similar in all groups.

We found a relatively high incidence of gastrointesti-
nal diseases in our patients. In the study by Chatila et al., 
the frequency of gastrointestinal disorders was 15–62%.8 
Martinez et al. demonstrated that in patients with COPD, 
GERD had a negative influence on dyspnea severity, qual-
ity of life, the incidence of cardiovascular diseases, and 
the number of COPD exacerbations.22 The relationship 
between GERD and COPD exacerbations has also been 
reported by other authors.Liang et al. demonstrated that 
GERD was associated with lung hyperinflation.23 However, 
we could not evaluate this association, as our study pro-
tocol did not involve body plethysmography or computed 
tomography of the chest.

The relationship of diabetes and respiratory diseases 
has been the subject of research for many years. Hyper-
glycemia, systemic inflammation and bacterial infection 
may affect the lung function in patients with diabetes.24,25 
Literature data shows that COPD is a significant risk factor 
for type 2 diabetes and that COPD patients with diabetes 
have a more rapid disease progression and a worse prog-
nosis.26 We did not find a relationship between the preva-
lence of diabetes and COPD airflow limitation severity.  
McGhan et al. demonstrated that diabetes increased the 
risk of re-hospitalization after exacerbation in patients 
with severe COPD.27

The majority of the patients in our cohort were overweight 
or obese. This could explain the relatively high proportion 
of patients with OSA (22.3%). In the study by Greenberg-
Dotan et al., the prevalence of COPD among patients with 
and without OSA was 7.6 and 3.7%, respectively.28 Shiina et al.  
reported a prevalence of COPD in 12% of patients with 
OSA.29 This overlap syndrome increased arterial stiffness 
and cardiovascular risk.30 However, we cannot exclude that 
the high incidence of OSA in our group may be related to  
a selection bias. All centers that recruited patients have 
sleep laboratories and outpatient clinics dedicated to the 
treatment of OSA, to which a larger proportion of patients 
with OSA/COPD overlap syndrome may be referred.

More than 25% of the studied subjects reported symp-
toms from the motor organs; osteoporosis was diagnosed 
in 16% of the patients in whom bone densitometry was per-
formed. Chen et al. provided evidence that COPD is an in-
dependent risk factor for osteoporosis.30 According to the 
results of McGarvey et al., osteoporosis, along with older 
age, severely impaired the lung function and a high mMRC 
score increased the risk of severe exacerbations, requiring 
hospitalization.31

Lung cancer is one of the leading causes of mortality 
in patients with COPD.9 There is evidence that COPD and 
emphysema are important risk factors for lung cancer.32 

In our study, 2.6% of the patients had a history of  lung 
cancer; moreover, 5 new cases were diagnosed over the 
12-month observation period. Of note, none of these 5 pa-
tients presented with new symptoms and were referred for 
further diagnostic work-ups upon the detection of focal 
lesions in a routine chest radiogram.

The incidence of anemia in our patients did not dif-
fer significantly from the incidence reported previously 
by other authors. In a systematic review on the impact 
of anemia on the course of COPD by Yohannes and Ershler, 
the incidence of anemia in COPD patients ranged from 
7.5 to 34%.33

Chronic renal disease (CRD) is not listed as a typical 
COPD comorbidity. In our study group, the prevalence 
of CRD was very high. Our observation confirmed the 
results of the meta-analysis by Gaddam et al., who demon-
strated the increased prevalence of CRD in patients with 
COPD.34

Eight percent of our patients were diagnosed with hypo-
thyroidism. Terzano et al. showed that patients with overt 
hypothyroidism had lower PaO2, and maximal inspiratory 
and expiratory pressure compared with subjects with sub-
clinical hypothyroidism and the control group.35

The data on comorbidities in our patients came mainly 
from a detailed questionnaire and medical documenta-
tion, but were not verified with diagnostic tests. This is the 
major limitation of our study. However, we made every 
effort to exclude a potential overdiagnosis and we care-
fully analyzed the available medical documentation of the 
patients. Another limitation of our study is the number 
of patients who attended the follow-up consultation: they 
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accounted for only 60% of the initial study group. Finally, as 
the patients were recruited only in university hospitals, we 
cannot exclude a selection bias, which may have influenced 
the results of the study.

We conclude that in a cohort of Polish COPD patients, 
the presence of comorbidities is frequent in all stages of the 
disease. The most frequent comorbidities were CVDs. This 
is in agreement with other studies from different regions. 
The correlation between the number of comorbidities and 
the BODE index confirms the negative impact of the co-
morbidities on the course of COPD and is  irrespective 
of airflow limitation severity.
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