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The Diagnosis and Treatment of COPD 
and Its Comorbidities
Kathrin Kahnert, Rudolf A. Jörres, Jürgen Behr, Tobias Welte

Summary
Background: Chronic obstructive pulmonary disease (COPD) is the third most common cause of death around the world. The 
 affected patients suffer not only from impaired lung function, but also from a wide variety of comorbidities. Their cardiac comor-
bidities, in particular, lead to increased mortality.

Methods: This review is based on pertinent publications retrieved by a selective search in PubMed, including guidelines from 
Germany and abroad. 

Results: The usual diagnostic criteria for COPD are a post-bronchodilator FEV1/FVC quotient below the fixed threshold of 0.7, 
or, preferably, below the lower limit of normal (LLN) according to the GLI reference values for the avoidance of over- and under-
diagnosis. The overall prognosis is markedly affected by comorbidities of the lung itself and those that involve other organs; in 
particular, many persons with COPD die of heart disease. The potential presence of heart disease must be borne in mind in the 
evaluation of patients with COPD, as lung disease can impair the detection of heart disease. 

Conclusion: As patients with COPD are often multimorbid, the early diagnosis and adequate treatment not only of their lung dis-
ease, but also of their extrapulmonary comorbidities are very important. Well-established diagnostic instruments and well-tested 
treatments are available and are described in detail in the guidelines concerning the comorbidities. Preliminary observations 
suggest that more attention should be paid to the potential positive effects of treating comorbidities on the lung disease itself, 
and vice versa.
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C hronic obstructive pulmonary disease (COPD) is 
associated with a high burden of disease; in 
2030, the WHO predicts, it will become the third 

leading cause of death (e1). It is significantly more 
prevalent in current and ex-smokers and its prevalence 
increases with age. According to the Robert Koch Insti-
tute, the annual prevalence of COPD in Germany is 
5.8%, and it affects men and in women in roughly equal 
numbers (1). If we compare these figures with the re-
sults of the international BOLD study, which showed a 
10% prevalence of COPD (at least 20% reduction in 
spirometric forced expiratory lung volume) among its 
more than 9000 participants (2), it is clear that COPD is 
being underdiagnosed. A key feature of COPD is that 
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the individual’s prognosis is significantly influenced by 
comorbidities. Among the most common of these are 
cardiovascular disease, osteoporosis and muscle weak-
ness, endocrinological and metabolic disorders, anxiety 
disorders and depression, and cancer (3). The causes of 
COPD are multifactorial: in addition to age- related co-
morbidities, smoking and other inhaled noxa as a 
shared risk factor, and systemic inflammation of pul-
monary origin (e2), other contributors to COPD include 
physical inactivity, poor nutrition, and hypoxemia. 
 Patients need to be carefully examined for concomitant 
disease, as dyspnea, for example, may be viewed as a 
 symptom of lung disease and cardiovascular disease be 
overlooked.

Prevalence
The WHO predicts that in 2030 COPD will become the third 
leading cause of death. According to the Robert Koch Institute, 
the annual prevalence in Germany is 5.8% and the disease 
 affects men and in women in roughly equal numbers.

Disease burden
COPD is associated with a high disease burden, and comor-
bidities have a significant impact on the overall prognosis.
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Germany’s largest observational study of COPD, 
COSYCONET, aimed to investigate the interaction 
between lung disease, systemic inflammation, and 
 comorbidities (e3). In this study, it was found that 
30% to 40% of patients with COPD and echocardio-
graphic changes did not have a medical diagnosis of 
cardio vascular disease (4). This underlines the need 
for a wide-ranging differential diagnostic workup of 
dys pnea as a symptom. It is also essential for any 
 comorbidities to be included in the diagnostic workup 
as well as in the treatment and management of the 
 patient’s disease (5, e4).

This review provides information about the diag-
nosis and treatment of the most common comor -
bidities in patients with COPD. It takes a closer look 
at how these comorbidities interact with COPD and 
discusses practical approaches to treatment.

Learning objectives
After reading this article, the reader should be able to:
● explain the diagnostic criteria, risk factors, and 

symptoms of COPD,
● name the major underlying pathomechanisms and 

currently accepted treatment options for COPD, 
and

● classify the various comorbidities of COPD and 
describe their impact on the disease and on the 
 patient’s overall prognosis.

Method
A selective literature search was carried out, which 
 included the German National Clinical Guideline on 
COPD (2nd edition, version 1) (6) as well as inter-
national recommendations (5, 7, e4). Expert opinions 
(as published in review articles) were also taken into 
account during the preparation of this manuscript (8).

Definition 
COPD is a chronic, progressive disease of the airways 
and lungs characterized by bronchial obstruction that is 
not fully reversible by the administration of bronchodi-
lators (6). Two main phenotypes exist:
● The airway type, which is the predominant type 

and is characterized by chronic obstructive 
 bronchitis with persistent cough and sputum 
 expecto-ration for at least 12 months; 

● The emphysema type, with rarefaction of periph-
eral pulmonary vessels, decreasing gas exchange 
area and exercise capacity, and cough and/or spu-
tum expectoration. 

Comorbidities
It is important to note any comorbidities in the patient’s medi-
cal history, so that these can be included in the diagnostic 
work up and in the treatment and management of the patient.

Definition
COPD is a chronic, progressive disease of the airways and 
lungs characterized by bronchial obstruction that is not fully 
 reversible by bronchodilators.

TABLE 1

Classification of COPD based on etiology

Adapted from the current GOLD guideline (e4).
2022, 2023, Global Initiative for Chronic Obstructive Lung Disease, available from www.goldcopd.org, published in Deer Park, IL, USA.
COPD, chronic obstructive lung disease

COPD classification

Genetic COPD (COPD-G)

COPD due to abnormal lung development (COPD-D)

Environmental COPD
– Cigarette smoking COPD (COPD-C)

– Biomass and pollution exposure COPD (COPD-P)

COPD due to infections (COPD-I)

COPD and asthma (COPD-A)

COPD of unknown cause (COPD-U)

Description

α1-Antitrypsin deficiency (AATD)
Other genetic variants with smaller effects acting in combination

Early life events, e.g., prematurity and low birth weight 

– Exposure to cigarette smoke, including in utero and passive smoking
– Vaping or using E-cigarettes
– Use of cannabis

– Exposure to household pollution, ambient air pollution, gas emissions from 
open fires, occupational exposure (in Germany, the proportion of occupa-
tionally caused COPD in non-smokers is estimated at up to about 30%, with 
causes such as, e.g., quartz dust and cadmium, or other dusts such as, in 
agriculture, wood dust or biomass)

Childhood infections, tuberculosis, HIV

Childhood asthma in particular
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Additional types have also been defined recently 
based on etiology (Table 1) (e4). Exacerbations are 
episodes of acute worsening of the respiratory situ-
ation lasting at least 48 h and accompanied by a need 
for treatment intensification (6).

Diagnosis 
In addition to exposure history (in Germany, primarily 
smoking and workplace exposure), the patient should 
be asked about the symptoms listed above and about 
smoking status including number of pack-years, and 
should also undergo a clinical examination (indicative 
signs being, for example, prolonged expiration, barrel 
chest, or expiratory wheezing). In terms of lung func-
tion analysis, diagnosis is based on an irreversible air-
way obstruction showing that the ratio of the forced 
 expiratory volume during the first second and the 
forced vital capacity of the lungs (FEV1/FVC) after 
 administration of a bronchodilator is below the lower 
limit of normal (LLN, lower 5th percentile), preferably 
using Global Lung Function Initiative (GLI) reference 
val ues, see Figure (9). If these are not available, a fixed 

ratio of FEV1/FVC < 0.7 can be used. Blood gas 
 analysis can be used to diagnose respiratory failure. 
Whole-body plethysmography can be used to assess 
static lung volumes and hence the degree of lung hyper-
inflation, while the diffusing capacity for inhaled car-
bon monoxide can provide valuable information about 
the severity of emphysema. A chest radiograph can be 
used for further differential diagnosis. The current 
GOLD guideline suggests the term “pre-COPD” for 
 patients with respiratory symptoms and pre-existing 
structural changes, for example they may have 
 emphysematous changes but preserved spirometry (e4). 
For this reason, patients in these groups with classic 
COPD-type symptoms and risk exposure should be 
 referred for a single consultation with a pulmonary 
specialist, with the possibility of more extensive diag-
nostic testing of lung function.

Disease severity grading and treatment
In 2011, the international GOLD recommendations 
 introduced, in addition to the assessment of COPD 
based on spirometric severity (GOLD grades 1–4), the 
GOLD groups A–D classification based on symptoms 
and exacerbation history (5). The latter proved superior 
in predicting disease progression (5), and therefore, 
since 2017, the ABCD classification has been the pri-
mary tool for treatment management according to the 
German National Clinical Guideline for COPD. Phar-
macological and nonpharmacological treatments are 
shown in Table 3 and in the Box.

Pulmonary and extrapulmonary comorbidities 
Comorbidities are associated with a poorer quality of 
life, increased risk of repeated hospital admissions, and 
higher mortality (13, 14, e6, e7). On average, more than 
90% of patients with COPD have at least one comor-
bidity, and nearly 50% have more than three (e8). 
 Comorbidities can be divided into the pulmonary and 
the extrapulmonary (15). The basic treatment of comor -
bidities should be guided by the clinical guidelines 
from the respective professional societies. The dis-
cussion below covers particularly important aspects 
and recommendations for patients with COPD.

Major pulmonary comorbidities
Bronchial asthma
Bronchial asthma is the most common pulmonary 
 comorbidity. The prevalence of asthma–COPD overlap 
syndrome (ACO) has been estimated at 27% in obser-
vational studies (e9), but the concept of ACO as an 
 entity is not universally accepted. For example, the 

Diagnosis
In addition to exposure history, the patient should be asked 
about the symptoms listed and about smoking status, including 
number of pack-years, and should also undergo a clinical 
examination (indicative signs being, for example, prolonged 
expiration, barrel chest, or expiratory wheezing).

Disease severity grading and treatment
Since 2017, the ABCD classification has been the primary tool 
to guide treatment.

FIGURE

Chronic obstructive pulmonary disease (German Respiratory League/German Respir-
atory Society): Interpretation of spirometry findings based on the recommendations of the 
German Respiratory League (e5). Suspected chronic obstructive pulmonary disease is defined 
by a decrease in the age-related Tiffeneau index (FEV

1
/FVC) to values below the 5th percen-

tile (Z-score < –1.645). Clinical assessment is based on the mean FEV
1
% reference value. GLI 

values are preferred to the previously used reference values, some of which are now 40 years 
old, because they describe the normal population much better and ensure better comparability.
COPD, chronic obstructive pulmonary disease; DGP, German Respiratory Society; FEV

1
, 

1-second capacity; GLI, Global Lung Function Initiative; LLN, lower limit of normal

Yes Suspected 
COPD

No
< LLNNo suspected 

COPD

No Further 
studies

Clinically 
confirmed

Yes

Mean reference 
value, as the inten-
tion is to assess the 
patient relative to 
typical values in the 
normal population 

FEV1/FVC

Clinical assessment by FEV1 % refer-
ence (mean reference value)

>60% Mild
40%–60% Moderately severe

<40% Severe
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GOLD guideline (5) recommends that asthma and 
COPD should be considered as independent disease 
 entities, whereas the UK NICE guideline refers to asth-
matic features/features suggesting responsiveness to 
steroids (inhaled or systemic) in patients with COPD 
(7). These features include a confirmed medical diag-
nosis of bronchial asthma, an atopic tendency, variable 
airway obstruction as measured by 1-second capacity 
or circadian rhythm of peak expiratory flow, and 
 peripheral eosinophilia (>300 cells/μL) (6, 7). This 
 patient group should be treated early with inhaled corti-
costeroids (ICS), especially if exacerbations occur.

Bronchiectasis
 The prevalence of bronchiectasis in COPD has been 
 investigated in many studies, with sometimes contra-
dictory findings as to rates (4% to 72%) (e10). Clini-
cally significant bronchiectasis is associated with pro-
ductive cough, bronchial infections, and 
 morphologically abnormal dilatation of the bronchi as 
confirmed by computed tomography (CT). In patients 
with COPD, bronchiectasis is associated with a reduced 
body mass index and more advanced age, and with 
 increased sputum production and exacerbations (e10). 
These patients also show increased colonization or 
 limited infection with P. aeruginosa, increased signs of 
local and systemic inflammation, and raised mortality 
(hazard ratio 2.54) (16, 17, e11, e12). Identifying clini-
cally significant bronchiectasis – as opposed to bron-
chiectatic changes that are only apparent on CT in the 
absence of corresponding clinical signs – is important 
(18). For bronchiectasis requiring treatment, further 
diagnostic tests include microbiological study of spu-
tum for typical and atypical mycobacteria, ruling out of 
α1-antitrypsin and immunoglobulin deficiency, and 
Quantiferon testing to rule out tuberculosis infection. 
Inhaled steroids should not be used, especially in the 
case of bacterial exacerbations (17).

Extrapulmonary comorbidities
Cardiovascular disease
Cardiovascular disease is common in COPD; in COSY-
CONET, Germany’s largest COPD cohort, 18% of 
 patients had known heart failure, coronary artery dis-
ease, or a history of myocardial infarction (4), while 
data from the German DACCORD registry put the 
prevalence of cardiovascular disease including hyper-
tension at more than 50%, increasing further with age 
(e13, e14). Because of the lung disease, functional 
 interrelationships exist between the heart and the lungs 
that manifest in interactions between hemodynamics 

and respiratory mechanics. Classical cor pulmonale 
 describes the increase in resistance in the pulmonary 
 arterial pathway that results in right heart strain and is 
designated as group 3 precapillary pulmonary hyper-
tension (19). The pathophysiology underlying this form 
of pulmonary hypertension is rarefaction of the pul-
monary capillary vessels together with chronic vaso-
constriction in the presence of chronic hypoxemia; for 
further details see the literature (e15). The most fre-
quent indicators of additional pulmonary arterial hyper-
tension are a particularly low diffusing capacity of the 
lungs – given the severity of the COPD – and low arte -
rial partial pressure of carbon dioxide (reference value 
PACO2 < 35 mm Hg) as an expression of hyperventi-
lation (e16, e17). In this case, further diagnostic steps 
should be initiated, but there is currently no clear rec-
ommendation for initiating treatment specifically 
aimed at pulmonary arterial hypertension (19). Con-
versely, remodeling processes in the left heart triggered 
by COPD are less well known, but studies have shown 
a relationship between reduced left ventricular mass 
and left ventricular ejection fraction on the one hand 
and increased airway obstruction and extent of 
 emphysema on the other (e18, e19). In addition to vas-
cular remodeling, lung hyperinflation leads to an 
 increase in intrathoracic pressure, which can exceed 
 venous pressure and lead to a fall in blood volume in 
both ventricles (e18). In addition, obstruction and lung 
hyperinflation result in higher ventricular wall stress 
(20). Both prospective randomized controlled trials and 
longitudinal observation data have shown beneficial 

Bronchial asthma
Bronchial asthma is the most common pulmonary comorbidity 
in COPD. The prevalence of bronchial asthma in patients with 
COPD has been estimated at 27% in observational studies.

Bronchiectasis
Bronchiectasis is associated with productive cough, bronchial 
infections, and abnormal bronchial dilatation. In patients with 
COPD, bronchiectasis is associated with a reduced body mass 
index, more advanced age, and increased sputum production 
and exacerbations.

TABLE 2

Five-year all-cause mortality in patients with COPD

 Five-year all-cause mortality in patients with COPD, based on spirometric 
GOLD grades 1–4 and the GOLD groups of the Global Initiative for Chronic 
 Obstructive Lung Disease (GOLD) 2019 ABCD classification.
Adapted from García Castillo E, Alonso Pérez T, Ancochea J, et al. Mortality 
prediction in chronic  obstructive pulmonary disease comparing the GOLD 2015 
and GOLD 2019  staging: a pooled analysis of individual patient data. 
By kind permission, ERS 2023: ERJ Open Research 6 (4) 00253–2020; DOI: 
10.1183/23120541.00253–2020 Published 2 November 2020

GOLD grade

Spirometry 1

Spirometry 2

Spirometry 3

Spirometry 4

GOLD group
A

3.4%

7%

13%

16.7%

B
9.8%

14.9%

23.7%

39.1%

C
16.2%

8.3%

17.7%

29.5%

D
5.5%

22.1%

32.6%

46%
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 effects of effective inhaled bronchodilators in terms of 
improved left ventricular filling (21, 22, e20). These 
 results make it clear that treating COPD in accordance 
with guidelines not only improves respiratory out-
comes, but also has an effect on left ventricular cardiac 
function.

Heart failure
Improving left ventricular function is of prime clinical 
importance, because heart failure in particular is seen in 
32.8% of patients hospitalized for a COPD exacer-
bation (e21, e22). As shown by examples in the studies 
cited, heart failure is associated with increased risk of 
repeat exacerbations (hazard ratio [HR] 1.45 [e23]) and 
hospitalization (HR 1.22 [e24]) and thus of increased 
mortality (HR 1.75 [e24]). Diagnostic tests for heart 
failure should include determination of pro-BNP levels 
and echocardiography. As described, inhaled COPD 
therapy can have protective effects on the left heart 

without increasing the risk of cardiac complications. At 
the same time, the use of cardioselective β-blockers in 
patients with COPD who also have heart failure is 
 associated with reduced mortality (HR 0.63 [24]). The 
conclusion to be drawn from all this is that optimally 
treating both diseases according to current guidelines is 
of benefit to both. 

Coronary heart disease
Patients with COPD have an increased risk of coronary 
heart disease (CHD): a large meta-analysis found a haz-
ard ratio of 1.24 (e25). CHD is also the most common 
cause of death in these patients (e26). Identifying CHD 
is especially difficult in patients with COPD because 
dyspnea is common to both conditions (4), and there 
are also gender differences in the pattern of symptoms. 
For example, men are more likely to report fatigue and 
women to describe chest tightness (e27). Therefore, if 
dyspnea persists despite appropriate treatment, the 

Cardiovascular disease
Cardiovascular disease is common in COPD; for example, in 
COSYCONET, Germany’s largest COPD cohort, 18% of 
 patients had known heart failure, coronary artery disease, or a 
history of myocardial infarction.

GOLD group grading
GOLD groups A–E, which are based on symptom and exacer-
bation history, essentially determine pharmacological treat-
ment. Patients should also be offered nonpharmacological 
treatment options.

TABLE 3

Pharmacological treatment for chronic obstructive lung disease*

 *In the new GOLD recommendation, GOLD groups ABE are determined on the basis of symptom and exacerbation history (e4). This classification merges the former GOLD groups C and D 
based on exacerbations alone to form a group designated E. The main aim of the GOLD classifications has been to provide an efficient but also practical way to assess disease progression and 
the treatment goals of reduced symptom burden, improved quality of life, and avoidance of exacerbations. Initial therapy and follow-up therapy are carried out based on GOLD group or the lead-
ing problem in the individual case (in terms of symptoms or exacerbations). The fact that treatment is based primarily on symptom and exacerbation history underscores the central importance 
of history-taking in patient care. The table is based on the recommendations of the German National Clinical Guideline for COPD (6) and the international GOLD recommendations of the current 
GOLD Report 2023 (e4). The current GOLD recommendations for initial therapy are shown in bold; according to these, initial treatment in severely symptomatic patients should be with a LABA/
LAMA combination, and initial therapy in patients with exacerbations and a peripheral blood eosinophil count > 300 cells/μL should be with a LABA/LAMA/ICS combination.

 CAT, COPD Assessment Test; ICS, inhaled steroid; LABA, long-acting β-agonist; LAMA, anticholinergic; mMRC, modified Medical Research Council Dyspnoea Scale
*1If peripheral blood eosinophilia ≥ 300 cells/μL, *2If peripheral blood eosinophilia ≥ 100 cells/μL, *3If peripheral blood eosinophilia < 100 cells/μL, FEV1 < 50% of reference value, and chronic 
bronchitis, *4In ex-smokers, off-label use – not currently recommended in German National Clinical Guideline for COPD but included in the GOLD recommendations.

GOLD  group

Group A

Group B

Group E
(formerly C 
and D)

Symptoms more important

Mild to  
moderate 
 symptoms

mMRC < 2
CAT < 10

x

x

Moderate to  
severe  

symptoms

mMRC ≥ 2
CAT ≥ 10

x

x

Exacerbations more import-
ant

0–1

x

x

≥ 2 or 1  
severe   

(hospital 
 admission)

x

Initial therapy

1 Bronchodilator

LABA or LAMA or 
LABA + LAMA

LAMA or 
LABA + LAMA or  LABA + 

ICS*1

LABA + LAMA + ICS*1

Follow-up therapy

Symptoms 
more 

important

LABA + LAMA

LABA + LAMA

LABA + LAMA
LABA + LAMA + ICS
Symptoms have an-

other cause?
Device appropriate 

for the patient?

Exacerbations 
more 

important

LABA + LAMA

LABA + LAMA

LABA + LAMA + ICS*2

roflumilast*3

azithromycin*4
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BOX

Nonpharmacological treatment of COPD
● Smoking cessation*1

– Advice should be offered to all current smokers.
– Behavioral therapy and pharmacological support are available.
– Use of digital health apps may be helpful.

● Immunizations*2

– Ensure adequate immunization based on the recommendations of the Standing Committee on Vaccination (STIKO) (especially COVID-19, 
pneumococcus, influenza, pertussis).

– Influenza: Annual immunization in the fall with an inactivated quadrivalent vaccine with the current antigen combination as recommended by 
the WHO.

– Pneumococcus: Immunization with the 23-valent polysaccharide vaccine (PPSV23); if necessary, repeat vaccinations with PPSV23 at inter-
vals of at least 6 years.

– Pertussis: Adults should, at the time of their next due Td vaccination, receive the Tdap combination vaccine instead.
– COVID-19: According to current STIKO recommendations, basic immunity should be provided by three antigen contacts (vaccination or 

 infection, but at least 2 doses of vaccine), and in high-risk patients, such as those with COPD, further booster vaccinations should be given 
– usually after an interval of ≥12 months since the last antigen contact, and preferably in the fall.

● Physical exercise*3

– All patients, regardless of age and severity of illness, benefit from physical exercise.
– Exercise should be adapted to the individual’s capacity.

● Long-term oxygen therapy*4

– If SpO2 ≤ 92%, assess whether long-term oxygen therapy (LTOT) is indicated 
– LTOT is indicated in patients with repeated resting hypoxemia PO2 ≤ 55 mm Hg, or PO2 56–60 mm Hg with concomitant polycythemia or cor 

pulmonale; hypercapnia should also be taken into consideration
– LTOT is indicated in patients with stress hypoxemia (e.g., 6-minute walk test)
– Current smoking is not an absolute contraindication, but patients should be encouraged to quit smoking, and potential hazards such as 

burns and explosion risk should be pointed out.
● Noninvasive ventilation*5

Indicated for patients with:
– Chronic daytime hypercapnia PACO2 ≥ 50 mm Hg, and/or
– Nocturnal hypercapnia PACO2 ≥ 55 mm Hg, and/or
– Mild daytime hypercapnia 46–50 mm Hg and rise in transcutaneous PCO2 values by ≥ 10 mm Hg during sleep.
– Following acute respiratory acidosis requiring ventilation, if hypercapnia (PACO2 > 53 mm Hg) is still present at least 14 days after acute 

ventilation has ceased.
● Lung volume reduction*6

– Review options for lung volume reduction in patients with severe hyperinflation (residual volume > 175% of reference) after all conservative 
treatments have failed.

– Evaluation of the next step should be by a multidisciplinary emphysema team including both surgeons and interventional bronchoscopists; 
this is essential because of the complexity involved.

● Lung transplantation*7

A transplant may be offered to selected patients with end-stage COPD and limited life expectancy in cases where:
– Conservative treatment options have been used up.
– The patient has abstained from smoking for > 12 months.
– The patient shows enough physical and psychological potential for rehabilitation.
– Active malignant disease and other severe organ dysfunction have been ruled out.
– High-dose long-term therapy with oral glucocorticoids is not given.
– The patient is no older than about 65 years.

*1 Because smoking is by far the strongest risk factor for the development and progression of COPD, smokers should repeatedly be offered help to quit smoking (6).
*2 To avoid infection-related exacerbations, it is desirable to ensure that patients are adequately immunized according to the recommendations of the Standing Committee on Vaccination 
(10).
*3 The current clinical guideline also emphasizes the positive effects of physical exercise to increase activity and maintain ability to carry out activities of daily living.
*4 The criteria for initiating long-term oxygen therapy and noninvasive ventilation are based on the relevant guidelines (11, 12) and the National Clinical Guideline on COPD.
*5 For critically ill patients with respiratory insufficiency type 1 (hypoxemia) or type 2 (hypercapnia), long-term oxygen therapy and/or noninvasive ventilation should be initiated.
*6 In addition, after all conservative measures have failed, patients with massive pulmonary hyperinflation should be reviewed for consideration of possible lung volume reduction therapy 
(e4).
*7 Lung transplantation may also be considered in selected cases. 
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possibility of coronary artery disease should be con-
sidered. A particularly important fact appears to be that 
after exacerbations the risk of an acute coronary event 
increases considerably (HR 2.63) (25). The two ran -
domized controlled trials ETHOS (budesonide/gly-
copyrrolate/formoterol fumarate in two doses of 
 budesonide versus glycopyrrolate/formoterol fumarate) 
and IMPACT (fluticasone furoate/umeclidinium/ 
   vi  lanterol versus umeclidinium/vilanterol) studied the 
 effects of inhaled triple therapy in patients at increased 
risk of exacerbations and showed a reduction in all-
cause mortality in the LABA/LAMA/ICS treatment 
arm compared with LABA/LAMA combination ther-
apy without ICS (26). In ETHOS, the number needed to 
treat to prevent a death was 80 (26), and a reduction in 
serious cardiovascular events was also found (1.4% for 
triple versus 2.1% for LABA/LAMA). Thus, the 
studies confirmed previously observed beneficial 
 effects of ICS in the form of reduced systemic inflam-
mation and lung hyperinflation together with improved 
cardiac function (e28, e29, 27). In contrast, LABA/ICS 
combination therapy did not alter mortality in patients 
without prior exacerbations (SUMMIT Trial) (27). 
These results underscore the efficacy of adequate 
COPD treatment in patients with coronary artery disease. 

Atrial fibrillation
The prevalence of atrial fibrillation (AF) in the general 
population is 1% to 2% and increases with age (e30). In 
COPD, the risk increases to 4.4-fold (e31), and patients 
with COPD who have AF also have an increased mor-
tality risk (HR 2.2) (e30). AF often occurs in associ-
ation with exacerbations, but also with greater severity 
of COPD. The reason for this, apart from underlying 
cardiovascular disease and cardiac mechanics that have 
been altered by airway obstruction, may be excessive, 
irregular use of short-acting anticholinergics (SAMA) 
or β-agonists (SABA). It is important, therefore, always 
to ask about how often on-demand medication is being 
used, in order to identify both mild exacerbations and 
any potential adverse side effects. 

Peripheral artery disease
Peripheral artery disease (PAD) is associated with 
 reduced quality of life and exercise capacity; smoking 
is a risk factor (28). Data from the COSYCONET 
COPD cohort revealed a prevalence of PAD of 
 approximately 9% in the clinical examination; this was 
higher than in a statistically adjusted control group 
without COPD (1.8%) (28). Patients with both COPD 
and PAD also have increased mortality (hazard ratio 

1.4) (e32). Importantly, it appears that more than two-
thirds of patients did not report having had this diagnosis 
before their clinical examination in the COSYCONET 
study. In view of this, a simple blood pressure measure-
ment taken at two sites (ankle–brachial index < 0.9) would 
be a practicable screening method to detect PAD (28).

Metabolic disorders
The prevalence of diabetes mellitus in patients with 
stable COPD is around 15% to 17% (29, e14), which is 
higher than in the general population. Apart from any 
side effects of respiratory medication (especially oral 
glucocorticoids, but also inhaled ones [e33]), effects of 
systemic inflammation due to the underlying COPD 
(30) are under discussion as a possible cause. Recent 
observational studies showed that antidiabetic medi-
cation, especially metformin, was associated with a 
smaller loss of functional diffusing capacity in the 
lungs and less progression of pulmonary emphysema, 
presumably owing to its anti-inflammatory effect (29, 
e34, e35). Although hyperlipidemia is a risk factor for 
the development of cardiovascular comorbidities, inter-
estingly, its presence does not appear to be associated 
with a worse outcome of COPD. To reduce the cardiov-
ascular risk profile, treatment of concomitant hyperli-
pidemia should be based on the recommendations of 
the relevant professional associations (e36).

Renal insufficiency, hyperuricemia, and anemia
Renal insufficiency, hyperuricemia, and anemia are 
among the comorbidities easily detected by blood tests 
that have an impact on mortality (e37–e39). For renal 
insufficiency and hyperuricemia, the hazard ratio is 2.3 
in each case (e40, e41); for anemia it is 1.31 (e42). Ane-
mia appears to act synergistically with low oxygen 
saturation and hence low blood oxygen levels (34, e43). 
According to currently available data, none of these 
three conditions is influenced by COPD-specific ther-
apy, and their treatment should follow guidelines based 
on their etiology.

Psychiatric and neurological disorders
Anxiety disorders, depression, and dementia syn-
dromes are among the common comorbidities seen in 
COPD. In advanced COPD, the overall prevalence of 
these three disorders can be as high as 20% to 25% and 
increases with severity of COPD (e44, 35, 36). These 
disorders are all associated with increased exacerbation 
rates and reduced functional status (e44, 35, 36). 
 Mortality risk also increases: for example, for depression 
as a comorbidity the relative risk is 1.83, and for 

Heart failure
 Improving left ventricular function is of prime clinical import-
ance, as heart failure in particular is seen in 32.8% of patients 
hospitalized for a COPD exacerbation.

Peripheral artery disease
Data from the COSYCONET COPD cohort showed a preva-
lence of PAD of about 9%. Patients with both COPD and PAD 
have an increased mortality risk.
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anxiety disorder it is 1.27 (e45). Because treatment of 
COPD on an outpatient basis requires a high degree of 
self-management, treatment planning should take ac-
count of patients’ individual cognitive and mental abil-
ity to understand and carry out their treatments. All 
three types of disorder can be relatively easily assessed 
using established questionnaires. Examples include the 
COPD Anxiety Questionnaire (CAF), Dementia Detec-
tion Test (DemTect), and the Patient Health Question-
naire-9 (PHQ-9) for depression. When using the last, it 
should be remembered that COPD symptoms can be 
misinterpreted as symptoms of depression (37).

For treating psychiatric disorders, in addition to 
 behavioral therapy, COPD-specific rehabilitation pro-
grams (e46) and pharmacological treatment may be 
useful. In terms of psychiatric medication, potential 
drug interactions with theophylline (which still is pre-
scribed, against recommendations) and roflumilast 
should be borne in mind. In addition, tricyclic antide-
pressants may potentiate the adverse cardiovascular 
effects of β-agonists and anticholinergics, but their 
use in patients on COPD inhaled therapy is not 
 regarded as contraindicated (e47).

Obstructive sleep apnea
Patients should always be asked about sleep disorders, 
snoring, and daytime sleepiness as part of their COPD as-
sessment. Obstructive sleep apnea (OSA) occurs in 8% of 
patients (e14, e48). It is readily treatable, e.g., with con-
tinuous positive airway pressure (CPAP) therapy, and is 
regarded as relevant to the prognosis  because treatment re-
duces the risk of cardiovascular events. Conversely, there 
is evidence that the use of benzodiazepines is associated 
with respiratory depres sion and also with increased rates 
of pneumonia and acute exacerbations (e49).

Osteoporosis
Patients with COPD have a 2.8-fold increased risk of 
osteoporosis (e50). The prevalence of osteoporosis in 
those whose COPD is stable is around 7% to 15% (e14, 
38); COSYCONET reports it affecting 24% of patients 
in GOLD group D (38). The causes underlying its 
 association with COPD exacerbations are systemic 
 inflammation (30), increasing physical inactivity with 
increasing severity of COPD, and also COPD-specific 
treatment itself. For example, the risk of manifest 
 osteoporosis rises with the use of oral glucocorticoids 
(e51), and rises further with inhaled steroids in a dose-
dependent manner (e52). Vitamin D deficiency is par-
ticularly common in patients with severe exacerbations 
(36%) (e53). In addition, there is an association with 

spirometric grade: for example, mean vitamin D levels 
were 33% lower in patients with GOLD grade 4 disease 
than in healthy smokers (e54). Vitamin D also has an 
immunomodulatory effect on the innate and adaptive 
immune systems, so patients with severe COPD 
 exacerbations should have their vitamin D levels 
measured (e4), in addition to bone density measure-
ments in those with an increased risk of osteoporosis. 
COPD patients with osteoporosis also benefit from 
 rehabilitation therapy to improve their physical activity 
(39). In addition, vitamin D and calcium deficiency 
should be primarily compensated for by nutrition if 
possible, and antiresorptive therapy, e.g., with bisphos-
phonates, should be given if necessary (e53, e55, e56).

Lung cancer
Cigarette smoking is the most important shared risk 
factor in the development of COPD and lung cancer. It 
is therefore not surprising that a significant proportion 
of patients with COPD develop lung cancer, with an 
age-dependent prevalence between 2% and 25% 
(e57-e60, e14). This is of high prognostic significance 
both for the course of the COPD and for the treatment 
for the lung cancer. For instance, in a patient with 
 impaired lung function, the risks attaching to invasive 
diagnostic examinations go up, and options for treat-
ment in terms of surgery and radiotherapy are quite 
 limited. Since the National Lung Screening Study 
showed that lung cancer screening with low-dose CT 
reduced cancer mortality by 20% (40), annual screen-
ing has been introduced in the USA. The screening rec-
ommendation there applies to current smokers and 
 ex-smokers who have stopped within the past 15 years 
and have a smoking history of at least 30 pack-years; 
furthermore, screening is recommended only for per-
sons between 50 and 80 years of age (8). Lung cancer 
screening is also likely to be introduced in Germany in 
the future. The increasing use of CT to enable pheno-
typing of COPD and, conversely, its use in screening 
studies of smokers and ex-smokers opens up the pros-
pects of earlier detection of both these diseases, which 
hopefully should benefit the prognosis of both.

Psychiatric and neurological disorders
Anxiety disorders, depression, and dementia syndromes are 
among the common comorbidities seen in COPD. In advanced 
COPD, the overall prevalence of these three disorders can be 
as high as 20% to 25% and increases with severity of COPD.

Diabetes mellitus
The prevalence of diabetes mellitus in patients with stable 
COPD is around 15% to 17%. Apart from any side effects of 
respiratory medication, effects of systemic inflammation due to 
the underlying COPD are under discussion as a possible 
cause.
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Question 1
What is the annual prevalence of COPD in Germany, according to 
 figures from the Robert Koch Institute?
a) 3.8% b) 4.8% c) 5.8%
d) 6.8% e) 7.8%

Question 2
Which of the following is a common psychiatric comorbidity in 
 patients with COPD?
a) Anxiety disorder
b) Obsessive-compulsive disorder
c) Bipolar disorder
d) Autism
e) Lack of impulse control

Question 3 
Which clinical sign is an indication that a patient with COPD may 
also have bronchial asthma?
a) Peak expiratory flow does not show a circadian rhythm.
b) Change in 1-second capacity < 5%/predicted after inhalation of a 

 bronchodilator.
c) Very good clinical and pulmonary functional response to inhaled 

 steroids.
d) Eosinophils < 200 cells/μL in peripheral blood.
e) Hypertension > 160/90 mm Hg

Question 4
What is bronchiectasis commonly associated with in patients with 
COPD?
a) Restless leg syndrome
b) Reduced body mass index
c) Eating disorders
d) Hypertension
e) Atrial fibrillation

Question 5
Psychiatric disorders are common in patients with COPD and affect 
their overall prognosis. Several questionnaires are widely used to 
identify the presence of these disorders. Which of these is appro-
priate for identifying depression?
a) SF-36
b) Patient Health Questionnaire-9 (PHQ-9)
c) Mini Mental State Examination
d) COPD Assessment Test
e) Heidelberg Short Questionnaire

Question 6
Patients with COPD and severe exacerbations are often found to be 
deficient in which of the following vitamins?
a) Vitamin B6 b) Vitamin C c) Vitamin A 
d) Vitamin D e) Vitamin B12

Question 7
The recommendation in the USA for annual lung cancer screening 
by chest CT applies to which of the following groups?
a) Current or ex-smokers (< 15 years) with a history of at least 30 pack-

years
b) Current smokers over the age of 40
c) Ex-smokers between 50 and 80 years of age irrespective of their num-

ber of pack-years
d) Ex-smokers between 50 and 80 years of age who gave up smoking at 

least 30 years ago
e) Current smokers with a history of at least 10 pack-years

Question 8 
Which genetic factor can lead to COPD?
a) Plasminogen activator inhibitor type 1 deficiency
b) α1-Antitrypsin deficiency
c) α2-Antiplasmin deficiency
d) α2-Macroglobulin deficiency
e) α1-Antichymotrypsin deficiency

Question 9
  Which of the following is used for first-line therapy in patients with 
GOLD group A COPD?
a) Theophylline
b) Roflumilast
c) A bronchodilator
d) An inhaled steroid
e) Supportive oxygen therapy

Question 10
Many patients with COPD also have cardiovascular disease. The 
risk of a cardiovascular event increases particularly after an exacer-
bation. Which of the following statements about COPD therapy and 
its impact on cardiac function or overall survival is true?
a) In patients with numerous exacerbations, dual bronchodilator therapy 

with LABA/LAMA increases all-cause mortality.
b) The combination of LABA/LAMA with oral β-blockers to treat heart 

 failure is contraindicated.
c) The use of LABA/LAMA/ICS combination therapy reduces all-cause 

mortality in patients with a history of severe exacerbations.
d) Frequent use of short-acting β-agonists reduces the incidence of 

 arrhythmias.
e) Patients with frequent exacerbations should be started on treatment 

for pulmonary arterial hypertension.
►Access is possible only via: 
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A  74-year-old ex-smoker (34 pack-years) with GOLD group B, GOLD 
grade 2 COPD diagnosed in 2018 presented for follow-up. History 
 included a moderate exacerbation 2 years previously requiring a short 

course of oral prednisolone. CT showed diffuse emphysema and bronchiecta-
sis in all lobes, but since starting dual bronchodilator therapy with LABA/
LAMA the patient reported no sputum expectoration or repeat exacerbations. 
Other known diagnoses included obstructive sleep apnea with CPAP therapy, 
peripheral artery disease, and chronic renal insufficiency most likely due to 
underlying arterial hypertension. The patient reported a marked increase in 
dyspnea, chest pain, and new-onset leg edema was also evident. Pulmonary 
function testing gave stable findings showing no significant change over 2 
years (FEV1 61% of reference, RV/TLC 126% of reference, PAO2 68 mm Hg, 
PACO2 39 mm Hg). Because of the reported chest pain and dyspnea symptoms, 
blood chemistry studies were performed and showed troponin T (hs) 0.320 ng/
mL, creatinine 1.9 mg/dL, and D-dimer < 0.5 mg/dL. ECG gave no evidence 
of severe arrhythmias or repolarization abnormalities. However, echocardi-
ography demonstrated severe aortic valve stenosis with values of dPmax 80 
mm Hg, dPmean 51 mm Hg, valve orifice area 0.8 cm² with left ventricular 
hypertrophy and preserved pump function. With an initial diagnosis of symp-
tomatic severe aortic valve stenosis, the patient was admitted to hospital 
 immediately for cardiac catheterization and treatment planning for the stenotic 
aortic valve. Later, right coronary artery stenosis was found that did not 
require intervention, and transfemoral implantation of an Edwards Sapien 
prosthetic aortic valve was carried out. The patient had an uneventful postin-
terventional course; both the dyspnea and the chest pain rapidly settled, and he 
was then discharged for cardiac rehabilitation.
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