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Chronic obstructive pulmonary disease (COPD) is a major health problem with increasing incidence and mortality

worldwide. There are remaining issues that are difficult to resolve with the current treatment algorithm. COPD

patients face a number of unmet needs such as symptoms, exacerbations, physical inactivity, and loss of social

activities. In this article, we categorize potential therapeutic targets from the viewpoint of pulmonary and systemic

comorbid conditions,, and address recent data concerning the pathophysiological link with COPD and the impact of

intervention for comorbid conditions, in order to obtain evidence that could enable us to provide personalized

COPD management. 

COPD  cardiovascular disease  bronchiectasis  frailty  asthma

1. Introduction

Chronic obstructive pulmonary disease (COPD) is a major health problem with increasing incidence and mortality

worldwide . The current mainstay of pharmacotherapy is bronchodilators, and recent advances in these agents

have enabled further improvements in lung function and reductions in symptoms and exacerbations . However,

it has also become apparent that there are remaining issues that are difficult to resolve with the current treatment

algorithm. COPD patients face a number of unmet needs such as symptoms, exacerbations, physical inactivity,

and loss of social activities .

Most of the current treatment algorithms are based on the severity of symptoms and exacerbation history, and

recommend the use of drugs other than inhalation medications when symptoms remain or exacerbations occur 

. However, even a single exacerbation can accelerate the loss of lung function, inducing physical inactivity and

increasing the risk of death . A large-scale epidemiological study in Japan showed that dyspnea of the

modified Medical Research Council (mMRC) grade 2 or more remains in almost one half of COPD patients

managed by pulmonologists . Given the burden of such unmet needs, it is very important to promote pre-

emptive therapies that target treatable traits .

There are various risk factors and triggers for patients’ unmet needs, while the factors can be roughly divided into

two categories (Figure 1). One is the usual characteristics of COPD patients, such as smoking and airflow

obstruction. As a standard approach, it goes without saying that smoking cessation, bronchodilator, pulmonary

rehabilitation, and vaccination are established treatments, and they should be included under general

recommendations for all patients . The other includes specific characteristics in patients with comorbid

conditions, such as asthma, bronchiectasis, and cardiovascular disease . These comorbidities, which are also
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associated with the diversity of COPD , can cause patients’ unmet needs to resist usual care. However,

treatable conditions that are not recognized as therapeutic targets may be latent in patients with COPD. However,

there is accumulating evidence indicating that some clinical features and specific biomarkers can be used to

identify patients who should be given second controllers, such as inhaled corticosteroids (ICS) , selective

β1-blockers , and macrolides . We again realized that treatable traits should be assessed and

treated as early as possible .

Figure 1. The risk factors and triggers for COPD patients’ unmet needs can be divided into two categories; one is

the usual clinical characteristics of COPD patients and the other is the specific clinical characteristics of patients

with comorbid conditions. Treatable conditions that are not recognized as therapeutic targets may be latent in

patients with COPD. Abbreviations: COPD, chronic obstructive pulmonary disease.

2. Pulmonary Hypertension

Pulmonary hypertension (PH), which is one of the significant comorbidities in COPD, is associated with a worse

prognosis . Patients with a mean pulmonary artery pressure (mPAP) >20 mmHg and pulmonary capillary wedge

pressure (PCWP) <15 mmHg with right heart catheterization are defined as PH . The mechanisms of PH-COPD

have been considered to be hypoxic pulmonary vasoconstriction, vascular injury, and reduction in the vascular

beds, which is due to alveolar destruction by the inhalation of cigarette smoke and harmful substances . Notably,

PH-COPD is more prevalent and severe in COPD with pulmonary fibrosis compared to COPD without fibrosis 
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Long-term oxygen therapy suppressed mPAP elevation, and may be effective for PH-COPD with respiratory failure

. Pulmonary vasodilators which are approved for pulmonary artery hypertension (PAH) may worsen the

ventilation/perfusion mismatch and hypoxemia . Although the efficacy of PAH-targeted therapy for PH-COPD

is still controversial , a subgroup of PH-COPD who shows severe pulmonary hypertension despite mild

airflow limitation may benefit from pulmonary vasodilators . From the perspective of the heterogeneous

pathogenesis and poor prognosis of PH patients with COPD, further and different targeted therapies are needed.

3. Cardiovascular Disease

COPD and cardiovascular disease (CVD) frequently coexist, and the relationship can be explained by shared risk

factors, lung hyperinflation, loss of vascular capacity, oxidative stress, and systemic inflammation . The

prevalence of CVD in patients with COPD ranges from 20% to 70% , with 2.5 times greater odds of CVD in

COPD patients compared with the non-COPD cohort . The prevalence of COPD in patients with chronic heart

failure (CHF) ranges from 9% to 52% , and the presence of COPD and rapid FEV1 decline are risk factors for

CHF . Arrhythmia is common in COPD patients, and reduced FEV1 is associated with incident atrial

fibrillation (AF) . More than 25% of patients with COPD will die as a result of CVD, and 40% of COPD patients

with a cardiovascular history will die following a cardiovascular event . There is an increased risk of CVD events,

including ischemic heart disease, within the first 30 days after COPD exacerbations in patients with COPD with

CVD . It is well known that patients with comorbid COPD and CVD have worse outcomes than those with either

condition alone . The presence of CVD is associated with more severe breathlessness and a worse QOL, more

frequent hospitalization, and higher mortality than those with COPD alone , while the presence of COPD is a

predictor of hospitalization and death from cardiovascular events .

Despite established associations between COPD and CVD, it is usual for a patient’s presentations to be attributed

to one disease only and for the other to be overlooked because of overlapping clinical symptoms and signs. In fact,

in studies of COPD patients, excluding those with an existing CHF diagnosis, the prevalence of unrecognized CHF

was about 20% . Physical examinations such as peripheral edema, systolic murmur, and objective tests such

as electrocardiography and the measurement of plasma brain natriuretic peptide can help physicians to identify

concomitant CHF in COPD patients .

Adequate therapy for CVD is necessary without delay after a new diagnosis of CVD. However, pharmacotherapy

for CVD is often withheld due to uncertain beliefs concerning safety for COPD patients. Even when CVD is known,

patients with COPD receive less adequate CVD treatment than non-COPD patients . In particular, β-blockers

are essential medications in CHF, acute myocardial infarction, and AF. The pharmacologic properties of common β-

blockers are summarized in Table 1 . A meta-analysis of observational studies reported that β-blocker usage in

COPD patients reduces the overall mortality and risk of COPD exacerbations (28% and 38%, respectively) [20].

Importantly, selective and non-selective β-blockers have different outcomes for patients with COPD. A previous

randomized study that compared the effect of bisoprolol and carvedilol in patients with concurrent COPD and CHF

confirmed that bisoprolol improved FEV1 and caused fewer adverse events than carvedilol . In a retrospective

study, patients taking bisoprolol were at a lower risk of CHF and/or COPD exacerbation than patients taking
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carvedilol . In another cohort study, the rate of mortality and CHF exacerbations was lower in patients treated

with bisoprolol compared to those with carvedilol or metoprolol . Very recently, in a large-scale randomized

controlled trial of metoprolol for patients with COPD that specifically excluded patients with established indications

for a β-blocker, the metoprolol group did not show a lower risk of COPD exacerbations than the placebo group .

From the evidence so far, COPD patients without any cardiovascular comorbidity do not require beta-blockers,

while the selective β-blocker bisoprolol should be used in COPD patients with CVD.

Table 1. Pharmacological properties of β-blockers.

  Metoprolol Carvedilol Bisoprolol

Daily oral dose * 12.5–200 mg, QD 3.125–100 mg, BID 1.25–10 mg, QD

Plasma t 3–7 h 6–10 h 10–12 h

Selectivity ratio (β1:β2) 20:1 NA 75:1

α-antagonism No Yes No

Lipid solubility High Moderate Moderate

Bioavailability 50% 30% >90%

Clearance Liver Liver Liver/Kidney

Metabolism CYP2D6 CYP2D6 CYP2D6

* Dosage for chronic heart failure. Abbreviations: QD, once a day; BID, twice a day; t , half-time; NA, not

available; CYP2D6, cytochrome P450 2D6.

Recently, the CLAIM study showed that dual bronchodilator treatment in hyperinflated patients with COPD

reversed the detrimental lung-heart imbalance by increasing pulmonary microvascular blood flow, left ventricular
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end-diastolic volume, stroke volume, and regional ventilation . These data clearly highlight the

multidimensional benefits of maximum bronchodilation in patients with COPD.
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