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Review Article

Chronic obstructive pulmonary disease (COPD) affects 174 mil-
lion people worldwide, a number expected to rise over the next several de-
cades as a result of the increased prevalence of smoking in developing 

countries and markedly aging populations in higher-income nations.1 Approxi-
mately 1.13 billion people worldwide have hypertension,2,3 the most common 
concurrent disease among patients with COPD.4,5 Furthermore, hypertension may 
be more prevalent among patients with asthma–COPD overlap syndrome, a sub-
group of patients with COPD who have asthma-related symptoms for which 
asthma therapeutics may be effective.6 Like hypertension, COPD and impaired 
lung function have been independently associated with an increased risk of car-
diovascular events.7,8 The frequent presence of hypertension in patients with COPD 
may compound the risk of cardiovascular events.5,7,8

This review focuses on recent studies relevant to the management of hyperten-
sion in patients with COPD. Contemporary evidence concerning the effects of 
antihypertensive-drug classes on COPD exacerbations, hospitalizations, and ad-
verse pulmonary outcomes is included, along with a brief update regarding the 
use of cardioselective beta-blockers in patients who have COPD and hypertension 
with concomitant heart failure or coronary artery disease. Adequate management 
of hypertension in patients with COPD requires an understanding of appropri-
ate drug-therapy choices in view of other common, coexisting diseases in such 
patients.

COPD,  H y pertension, a nd A sso ci ated  
C a r diova scul a r Dise a se

Patients with chronic lung disease are at increased risk for cardiovascular events.7,9 
Both COPD and cardiovascular disease are characterized by chronic systemic in-
flammation, which plays an overlapping and central role in the pathogenesis of 
the two diseases (Fig.  1).7,10,11 In addition, increased oxidative stress caused by 
endogenous and exogenous mechanisms can lead to endothelial dysfunction in 
patients who have both COPD and hypertension.12 Both sympathetic nervous sys-
tem overactivation and the presence of proinflammatory cytokines may lead to an 
increased risk of atherosclerosis and autonomic dysfunction, heightening arterial 
vascular stiffness.13 Smoking, a powerful risk factor for cardiovascular disease, 
also appears to contribute to increased arterial stiffness in COPD.10 Arterial stiff-
ness increases with the frequency of COPD exacerbations, further contributing to 
systemic hypertension. All these observations provide persuasive reasons for con-
trolling hypertension in patients with COPD.14

Many patients with COPD, particularly those with severe disease, have evi-
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dence of systemic inflammation, even when 
the disease is stable, probably placing them at 
heightened risk.15,16 For example, in one study 
with 3 years of follow-up, persistent systemic 
inflammation (as measured by biomarkers 
such as the white-cell count and levels of C-re-
active protein, interleukin-6, interleukin-8, fi-
brinogen, and tumor necrosis factor α [TNF-α]) 
was found in 281 of 1755 patients with COPD 
(16%) and was associated with increased all-
cause mortality, as compared with patients 
who did not have systemic inflammation.16 In 
a study of more than 8600 patients with COPD, 
inflammatory biomarkers were associated with 
an increase by a factor of 2 to 4 in the risk of 
coexisting conditions, including ischemic heart 
disease, myocardial infarction, and heart fail-
ure.17 Coexisting disorders such as hyperten-
sion, heart failure, and diabetes were associat-
ed with elevations in markers of systemic 
inflammation in a cohort of 2164 patients with 
clinically stable COPD.18 Even after adjustment 
for confounders, fibrinogen levels remained 
significantly elevated in patients with hyperten-
sion. These findings suggest that systemic in-
f lammation has an important influence on the 
progression of disease in patients with COPD 
and coexisting conditions.16,18 Thus, one might 
speculate that control of hypertension in pa-
tients with COPD has important clinical impli-
cations.

A n tih y pertensi v e Tr e atmen t  
in Patien t s w i th COPD

Neither contemporary nor traditional hyperten-
sion guidelines have identified COPD as a com-
pelling indication for certain antihypertensive 

therapies.19 Despite this lack of guidance, the 
clinician should be mindful of factors influenc-
ing control of both illnesses. The definition of hy-
pertension was recently changed by the American 
College of Cardiology–American Heart Associa-
tion to a systolic arterial pressure of more than 
130 mm Hg, a diastolic pressure of more than 
80 mm Hg, or both (Table 1), which means more 
persons will be considered to have hyperten-
sion.19 Since hypertension is the most common 
concurrent disorder among patients with COPD, 
the clinician is often faced with making treat-
ment decisions about both illnesses. Further-
more, in the context of obesity, COPD and hy-
pertension coexist more frequently with other 
metabolic diseases such as diabetes and ob-
structive sleep apnea, further complicating treat-
ment and the monitoring of underlying illness.20 
Knowledge of the pulmonary side effects of 
different classes of antihypertensive therapies, 
as well as interactions between antihypertensive 
drugs and agents used for pulmonary control, is 
essential for successful management.

Contemporary data on specific outcomes of 
antihypertensive therapy in patients with COPD 
are limited. The risks and benefits of antihyper-
tensive therapy in such patients have been sum-
marized previously, yet consensus has been 
limited by lack of solid outcome evidence. 
Recommendations for treatment have tradition-
ally been based on the theoretical risks of the 
drug therapy in patients with COPD.21,22 Pharma-
cokinetic and pharmacodynamic factors should 
be considered in choosing antihypertensive agents 
for patients with COPD, along with underlying 
lung function and any additional coexisting con-
ditions. In general, antihypertensive drug ther-
apy should follow guideline-directed approaches, 

Key Clinical Points

Treating Hypertension in Patients with Concomitant COPD

•	 Hypertension affects many patients with underlying COPD, and the number of patients concomitantly 
affected is increasing.

•	 Patients with COPD and hypertension commonly have coexisting conditions such as obesity, heart 
failure, and coronary artery disease; practitioners should assess cardiovascular risk and address 
concurrent diseases to ensure adequate management.

•	 The benefits of antihypertensive therapy and the risk of adverse pulmonary effects or interaction with 
medications used for pulmonary control are specific to the antihypertensive drug class.

•	 Contemporary data on the pulmonary effects of antihypertensive therapy are limited.
•	 Management of hypertension in most patients with COPD is similar to hypertension management in 

the general population, with specific exceptions.
•	 Pharmacokinetic and pharmacodynamic factors should be considered in choosing antihypertensive 

agents for patients with COPD, along with any coexisting conditions.
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Figure 1. Potential Mechanisms for the Association of Chronic Obstructive Pulmonary Disease (COPD) with Hypertension and Other 
Cardiovascular Diseases.

Increased oxidative stress caused by endogenous and exogenous mechanisms in patients with COPD can lead to increased risk of hyper-
tension and other cardiovascular diseases. The dashed lines denote lung-related changes in pulmonary diseases that contribute to chronic 
systemic inflammation. CRP denotes C-reactive protein.

Oxidative stress

Systemic inflammation

Fibrinogen

Increased risk of arterial stiffness,
endothelial dysfunction, and atherosclerotic

cardiovascular disease

Acute-phase proteins (CRP)

White cells
FibrinogenFibrinogen

Proinflammatory cytokines

Interleukin-6

Interleukin-8

Sympathetic nervous system
overactivation

Recurrent hypoxia in COPD

Hypertension Coronary artery diseaseHeart failure

Alveolar
remodeling

Pulmonary-artery
hypertension

Blood-Pressure 
Category Blood Pressure Treatment†

mm Hg

Normal <120 systolic and <80 diastolic Promote good lifestyle habits

Elevated 120–129 systolic and <80 diastolic Promote lifestyle modifications for 3–6 mo before initiat-
ing drug therapy

Hypertension ≥130/80 Promote lifestyle modifications and initiate drug therapy, 
according to degree of blood-pressure elevation and 
10-yr ASCVD risk

Stage 1 130–139 systolic or 80–89 diastolic If 10-yr ASCVD risk is <10%, promote lifestyle modifica-
tions for 1 month before initiating drug therapy to 
reach target blood pressure of <120/80 mm Hg; if 
risk is ≥10%, initiate drug therapy and promote life-
style modifications

Stage 2 ≥140 systolic or ≥90 diastolic Initiate drug therapy and promote lifestyle modifications

*  Diagnostic and treatment criteria are from Whelton et al.19

†  ASCVD denotes atherosclerotic cardiovascular disease.

 Table 1. New Diagnostic and Treatment Criteria for Hypertension in Adults Living in the United States.*
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with some minor exceptions.19 Thus, angiotensin-
converting–enzyme (ACE) inhibitors, angiotensin-
receptor blockers (ARBs), calcium-channel 
blockers, and thiazides are all options for initial 
antihypertensive therapy, as long as racial differ-
ences in treatment response are taken into con-
sideration and COPD symptoms can be ade-
quately controlled with the addition of these 
therapies.19 Age alone is not an indicator for 
specific drug therapy, but frailty at baseline and 
the degree of pulmonary impairment may influ-
ence the benefits and risks of particular antihy-
pertensive therapies, as outlined in the sections 
below.

Diur e tics

We suggest that thiazide diuretics be considered 
as first-line antihypertensive medications in pa-
tients with COPD. To our knowledge, there is no 
evidence that thiazides exacerbate pulmonary im-
pairment in such patients, although data from 
prospective, randomized studies in this patient 
population are lacking. A retrospective study 
examining the effectiveness of thiazide diuret-
ics used concomitantly with other antihyper-
tensive medications in 7140 veterans with COPD 
and hypertension showed no increase in COPD 
exacerbations with thiazide use, as compared 
with combination antihypertensive therapy that 
did not include a thiazide diuretic.23 In fact, for 
patients who did not have a history of heart fail-
ure, antihypertensive therapy combined with a 
thiazide diuretic was associated with a reduced 
risk of future hospitalizations for heart failure.

Despite historical concerns, contemporary evi-
dence suggests that thiazide diuretics have no 
negative effects on airway function.21,22 However, 
electrolyte abnormalities can become problem-
atic when therapies such as inhaled β2-adrenergic 
receptor agonists, which shift potassium intra-
cellularly, and glucocorticoids, which can increase 
urinary potassium excretion, are coadminis-
tered.21,24 Hypokalemia during thiazide therapy is 
dose-dependent and will increase with escalating 
doses.19 Arrhythmias are rare but remain a con-
cern in any patient with hypokalemia (potassium 
level, <3.5 mmol per liter), and patients with 
COPD should therefore be monitored periodically 
for electrolyte abnormalities, especially when glu-
cocorticoid or bronchodilator doses are being 
introduced or increased.

Loop diuretics have minimal antihypertensive 
effects but are often used in patients with heart 
failure and volume overload or those with an 
estimated creatinine clearance of less than 30 ml 
per minute per 1.72 m2 of body-surface area.25 
Electrolyte monitoring is prudent in such pa-
tients, since hypokalemia may be more common 
with loop diuretics than with thiazide diuretics. 
More important, loop diuretics may contribute to 
metabolic alkalosis and hypercapnia in patients 
with COPD. Data from a recent retrospective 
cohort study involving administrative claims for 
99,766 older patients with COPD linked a new 
30-day prescription of a loop diuretic to increas-
es in emergency department visits (hazard ratio, 
1.62; 95% confidence interval [CI], 1.38 to 1.90) 
and hospitalization for a COPD exacerbation or 
pneumonia (hazard ratio, 1.36; 95% CI, 1.16 to 
1.60), as well as increased mortality (hazard ratio, 
1.31; 95% CI, 1.13 to 1.51).26 In that cohort, ad-
verse respiratory effects were observed with loop 
diuretics but not with new prescriptions for 
thiazides, ACE inhibitors, or ARBs. Although 
confounding data cannot be excluded from this 
observational data set, it does suggest a signal 
for increased adverse respiratory outcomes when 
loop diuretics are prescribed in a real-world co-
hort with COPD. Therefore, limiting loop diuret-
ics in the general management of hypertension in 
patients with COPD would appear to be prudent.

ACE Inhibi t or s a nd A R Bs

Although both ACE inhibitors and ARBs are 
considered first-line antihypertensive agents for 
the general population because they are associ-
ated with reductions in cardiovascular and cere-
brovascular events,19 when these agents are pre-
scribed for patients with COPD, the risks and 
benefits must be considered in light of certain 
pulmonary issues.

Theoretical benefits of ACE inhibition include 
attenuation of pulmonary-artery inflammation 
and positive effects on pulmonary alveolar gas 
exchange, respiratory drive, and pulmonary-
muscle function.27 With high levels in lung capil-
laries, ACE is responsible for the conversion of 
angiotensin I to angiotensin II, as well as brady-
kinin breakdown. There are at least two types of 
angiotensin II receptors: angiotensin II type 1 
(AT1) receptors increase vascular tone when acti-
vated, whereas vasodilatation occurs when angio-
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tensin II binds and activates type 2 (AT2) recep-
tors. In patients with marked pulmonary fibrosis, 
the ratio of AT1 to AT2 receptors is increased, 
and the forced expiratory volume in 1 second 
(FEV1) is decreased.27 This inverse relation might 
suggest a pathophysiological role of the renin–
angiotensin–aldosterone system (RAAS) in pa-
tients with allergic airway inflammation and 
COPD.28 Furthermore, since lung and skeletal 
tissues express ACE, the RAAS is considered to 
be involved in the pathogenesis of pulmonary 
and extrapulmonary symptoms of COPD. The 
RAAS contributes to the pathophysiology of 
COPD through proinflammatory cytokines such 
as interleukin-6 and TNF-α. Lung-tissue injury is 
potentially mediated through RAAS effects on 
the T-cell response, and AT1-generated reactive 
oxygen species contribute to mitochondrial dys-
function, further promoting oxidative stress and 
endothelial dysfunction.29

The findings in observational cohort studies 
suggest that ACE inhibitors or ARBs may pro-
vide both cardiovascular and pulmonary protec-
tion in patients with COPD.30,31 In one uncon-
trolled study, the use of ACE inhibitors or ARBs 
after hospitalization of patients for COPD exac-
erbation was associated with a significant reduc-
tion in 90-day mortality.32 Confirmatory data 
from randomized, controlled trials are lacking.

Finally, it has been proposed that the use of 
ACE inhibitors in patients with COPD is helpful 
in pulmonary rehabilitation. Epidemiologic evi-
dence favors an effect of ACE inhibition on 
muscle mass, leg strength, and walking speed in 
patients with hypertension who do not have 
COPD.33,34 Evidence from randomized, placebo-
controlled studies involving patients with hyper-
tension in the general population argues that in-
hibition of the RAAS influences skeletal-muscle 
function and peak work-rate response during 
exercise; however, relevant randomized studies 
involving patients with COPD are limited with 
respect to study size and duration of follow-up.35,36

Despite the promise of a pulmonary benefit, 
adverse events associated with ACE inhibitor 
therapy may limit its use. Cough is generally the 
most common adverse event during therapy (oc-
curring in 5 to 35% of patients).37 ACE inhibitor–
induced angioedema is rare in the general popu-
lation (occurring in 0.2 to 0.7% of patients 
receiving such treatment), but the incidence is 
higher among persons older than 65 years of 

age, smokers, and persons taking concomitant 
calcium-channel blockers, antihistamines, or sys-
temic glucocorticoids.37-41 Both ACE inhibitor–
induced cough and bronchospasm, as well as 
angioedema, are considered to be related to the 
elevation in bradykinin levels that occurs when 
ACE is inhibited.38 Furthermore, unacceptable ad-
verse events are more common in patients with 
allergies and in those who use antihistamine 
and antiasthma medications.41 Nevertheless, the 
reductions in morbidity and mortality from the 
use of these agents, as observed in clinical trials 
evaluating the agents for the treatment of hyper-
tension in the general population, make them 
appropriate for patients with COPD in whom 
drug-induced symptoms do not develop. ARBs 
may be preferable to ACE inhibitors in patients 
with COPD because ARBs are easier to tolerate 
and are associated with a lower risk of cough.19 
Unlike thiazide diuretics, ACE inhibitors and 
ARBs may increase potassium levels, which may 
offset the risk of hypokalemia from the frequent 
use of inhaled β2-agonists. Thus, either an ACE 
inhibitor or an ARB would be the preferred anti-
hypertensive agent in patients known to be at 
risk for hypokalemia.

Be ta-Bl o ck er s

Current hypertension guidelines do not recom-
mend beta-blockers for the general treatment of 
hypertension unless ischemic heart disease or 
heart failure is present.19 However, for patients 
who have hypertension with heart failure or have 
had a recent myocardial infarction, cardioselec-
tive beta-blockers such as bisoprolol and meto-
prolol may reduce the risk of death.25,42-45 Beta-
blockers may also be useful for additional control 
of angina symptoms in patients with hyperten-
sion and coronary artery disease.19 With a low 
initial dose and careful dose escalation, the 
safety of cardioselective agents in patients with 
pulmonary disease has been well documented.46,47 
The use of noncardioselective beta-blockers such 
as carvedilol or propranolol, however, is not 
recommended in any clinical scenario involving 
reactive airway disease.19

Use of cardioselective agents in patients with 
COPD and additional compelling indications for 
beta-blockade should be strongly considered if 
a survival benefit from beta-blockers has been 
established (Table 2).25,45,48 Cardioselective beta-
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blockers are remarkably underused in patients 
with COPD who also have heart failure or coro-
nary artery disease.42,44,49-52 Only approximately 
half of patients in three studies received cardio
selective beta-blockers despite indications for 
such treatment.42,49,50 Several observational stud-
ies suggest that cardioselective beta-blockers re-
duce the risk of death among patients with 
COPD.43,45,48,53-55 In a recent randomized trial in-
volving patients with COPD who did not have 
an established indication for beta-blocker use, 
metoprolol did not prevent COPD exacerbations.56 
Cardioselective beta-blockers have been success-
fully used in patients hospitalized for exacerba-
tions of COPD.57 A small, prospective cohort 
study suggested that use of these agents may 
even improve survival after coronary-artery by-
pass grafting in patients with COPD.58 Likewise, 
in a recent study involving 6770 patients who 
were hospitalized for acute myocardial infarction, 
patients with COPD (28.3% of the study popu-
lation) were less likely than other patients to 
receive evidence-based therapies such as beta-
blockers, coronary angiography, and coronary-
artery bypass grafting.59 Underuse of evidence-
based management was associated with higher 
mortality.59

Although the use of cardioselective beta-
blockers in patients with COPD is not generally 
associated with bronchospasm, our suggestion 
is to use small initial doses in all patients, with 
slow dose escalation to minimize the risks of 
hypotension and bradycardia. Clinicians must be 
vigilant in order to avoid inadvertent worsening 
of pulmonary symptoms when beta-blocker ther-
apy is initiated or the dose is increased — for 
instance, in patients with an underappreciated 
history of asthma, with asthma–COPD overlap, 
with undiagnosed reversible airway obstruction, 

or with an increased blood eosinophil count 
(which would suggest coexisting asthma).60 Such 
caveats are of particular importance in hyper-
tension-related emergencies, when intravenous 
therapy might be used. Intravenous labetalol and 
sotalol should be avoided in such circumstances, 
whereas esmolol may be considered in low-to-
moderate doses, since it selectively blocks the 
β1-adrenergic receptor and is unlikely to cause 
bronchospasm when used at relatively low doses. 
However, higher doses may affect lung function.19

O ther A n tih y pertensi v e Agen t s

Treatment with calcium-channel blockers for the 
management of hypertension is supported by 
studies of such treatment in the general popula-
tion. These agents are generally associated with 
reductions in cardiovascular mortality.19 The use 
of calcium-channel blockers in patients with 
asthma has been proposed on the basis of theo-
retical data, but data from a specific evaluation 
of their effect on pulmonary function in patients 
with COPD are lacking.19,21 Observational data 
suggest that calcium-channel blockers are asso-
ciated with a decreased risk of death when used 
in patients with COPD and right heart failure.61 
Our opinion is that this drug class is a viable 
first-line option for the management of hyper-
tension.

There are no specific concerns regarding the 
use of potassium-sparing diuretics or aldosterone-
receptor antagonists in patients with COPD. 
However, these agents are generally not pre-
scribed in lieu of thiazides for the initial man-
agement of hypertension.19

The reasons for using other antihypertensive 
agents vary. Alpha-blockers, which are commonly 
used in patients with benign prostatic hypertro-
phy, are not associated with adverse pulmonary 
events and, specifically, are not associated with 
reported adverse events in patients with COPD.62 
Centrally acting agents such as clonidine may 
increase bronchial hyperresponsiveness if inhaled 
histamine has been given first and should there-
fore be used cautiously in patients with underly-
ing lung disease.62 There is little information 
about the pulmonary safety of vasodilators such 
as hydralazine, but hydralazine has generally not 
been associated with reported adverse events 
and has a long history of use.63

Use of beta-blockers in patients with COPD should be limited to cardioselec-
tive agents for both initial and long-term management of hypertension.

Cardioselective beta-blockers are underused in patients with COPD who have 
compelling indications (e.g., heart failure or recent myocardial infarction).

Cardioselective beta-blockers reduce exacerbations of COPD and mortality 
among patients with COPD and additional compelling indications.

Vigilance is required to avoid the use of noncardioselective beta-blockers in 
patients with COPD who present with heart failure, acute myocardial in-
farction, or unstable angina.

Table 2. Considerations for Beta-Blocker Use in Patients with COPD.
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Achie v ing H y pertension 
Con trol in COPD

Evidence-based hypertension guidelines support 
lowering blood pressure to less than 130/80 
mm Hg, which represents a clinical challenge 
even in the general population.19 The coexistence 
of COPD and hypertension complicates this ef-
fort, as reflected by lower rates of achieving 
therapeutic blood-pressure targets in this sub-
population of patients.64 Several factors influence 
blood-pressure control in patients with COPD, 
including coexisting conditions such as obesity 
and severe pulmonary disease, which may re-
quire additional drug therapy that may counter-
act efforts to lower blood pressure. Furthermore, 
psychosocial issues such as depression or sub-
stance use disorders, which are common in pa-
tients with chronic disease, can affect adherence 
to treatment regimens.65

When blood pressure is not adequately con-
trolled in patients with COPD, the use of con-
comitant medications should be thoroughly as-
sessed once adherence to the antihypertensive 
regimen has been verified. In addition to sys-
temic glucocorticoids, as well as over-the-counter 
oral and intranasal decongestants, which can 
cause hypertension, drug interactions may ad-
versely affect blood-pressure control and pre-
dispose patients to adverse outcomes.66-71 In a 
randomized, double-blind trial involving 314 
patients with acute exacerbations of COPD, the 
incidence of hypertension from oral glucocorti-
coid therapy (40 mg of prednisone daily) did not 
differ significantly between patients receiving a 
conventional course of prednisone (14 days) and 
those receiving a short-term course (5 days). 
However, blood-pressure elevations developed or 
worsened in more than 10% of all patients re-
ceiving glucocorticoids (11.6% of patients in the 
5-day group and 17.8% of those in the 14-day 
group, P = 0.22).66 Although one cross-sectional 
study suggests that high-dose inhaled glucocor-
ticoids may be associated with hypertension, 
prospective investigations with larger patient 
populations are needed to confirm this observa-
tion.67 Inhibitors of cytochrome P-450 3A4 great-
ly increase serum levels of inhaled glucocorti-
coids and cause adrenocortical suppression.68 
For example, inhibition of the metabolism of 
inhaled glucocorticoids by ritonavir may result 

in hypertension along with numerous other ad-
verse effects.68

In patients with COPD and concomitant aller-
gic rhinitis, the use of oral decongestants, par-
ticularly those containing pseudoephedrine, may 
increase blood pressure.69,70 For most patients, 
decongestants have little effect on hypertension 
control, yet inadvertently excessive doses of topi-
cal intranasal agents have resulted in systemic 
hypertension.71,72 If the blood-pressure goal is not 
reached despite adherence to the antihyperten-
sive regimen, and other drug-induced causes of 
hypertension have been ruled out, antihyperten-
sive treatment should be intensified, since pa-
tients with concomitant rhinitis are at elevated 
risk for COPD-related hospital readmission.73

Finally, since systemic inflammation is in-
creased in patients with hypertension and COPD, 
assessment of cardiovascular risk is important 
in every patient. In a recent nested case–control 
study involving 284,220 patients with COPD, 
70% of whom had hypertension at baseline, the 
estimated risk of a major cardiovascular event 
within the first 30 days after the initiation of 
therapy with an inhaled long-acting bronchodi-
lator was increased by a factor of 1.5.74 Cardio-
vascular events included inpatient care or emer-
gency-department visits for coronary artery 
disease, heart failure, ischemic stroke, and ar-
rhythmia. Since long-acting muscarinic antago-
nists and long-acting β2-agonists are mainstay 
therapies for long-term management of COPD,4 
further study of this increased risk at therapy 
initiation is necessary. Clinicians are encouraged 
to monitor patients with COPD for cardiovascular 
symptoms during the initiation of any therapy.74

Intensifying antihypertensive therapy while 
addressing lifestyle modifications is generally 
recommended for all patients at least monthly 
until blood-pressure goals are achieved.19 When 
antihypertensive therapy is initiated or changed 
in patients with COPD, baseline pulmonary 
function or status should be documented, and 
agents known to exacerbate or increase pulmo-
nary and extrapulmonary adverse events should 
be avoided (Table  3). Subsequent monitoring 
should include an assessment for changes in 
pulmonary function, and discontinuation of an 
antihypertensive drug may be warranted if pul-
monary symptoms worsen after the initiation of 
therapy.
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Conclusions

Many patients with COPD also have hypertension, 
and the pathophysiological features of the two 
disorders overlap. An increased risk of cardiovas-
cular events provides a rationale for the control 
of hypertension in patients with COPD. Drug 
therapy for hypertension should be based on ap-
proaches recommended in general guidelines for 
the treatment of hypertension, with special con-
sideration of the given patient’s underlying lung 

function and any coexisting conditions, since the 
pulmonary effects of antihypertensive therapy 
vary according to the drug class. Despite the pau-
city of data from randomized studies of hyperten-
sion management in patients with COPD, the lim-
ited contemporary evidence supports the use of 
ACE inhibitors, ARBs, and thiazides after consider-
ation of the risks of adverse effects and interactions 
with medications used for pulmonary control.

Disclosure forms provided by the authors are available with the 
full text of this article at NEJM.org.

References
1.	 GBD 2015 Chronic Respiratory Dis-
ease Collaborators. Global, regional, and 
national deaths, prevalence, disability-
adjusted life years, and years lived with 
disability for chronic obstructive pulmo-
nary disease and asthma, 1990-2015:  
a systematic analysis for the Global Bur-
den of Disease Study 2015. Lancet Respir 
Med 2017;​5:​691-706.
2.	 NCD Risk Factor Collaboration 
(NCD-RisC). Worldwide trends in blood 
pressure from 1975 to 2015: a pooled analy
sis of 1479 population-based measurement 
studies with 19·1 million participants. 
Lancet 2017;​389:​37-55.
3.	 Merai R, Siegel C, Rakotz M, et al. 
CDC grand rounds: a public health ap-
proach to detect and control hyperten-
sion. MMWR Morb Mortal Wkly Rep 2016;​
65:​1261-4.
4.	 Vogelmeier CF, Criner GJ, Martinez 
FJ, et al. Global strategy for the diagnosis, 
management, and prevention of chronic 
obstructive lung disease 2017 report: GOLD 
executive summary. Am J Respir Crit Care 
Med 2017;​195:​557-82.
5.	 Greulich T, Weist BJD, Koczulla AR, 
et al. Prevalence of comorbidities in COPD 
patients by disease severity in a German 
population. Respir Med 2017;​132:​132-8.
6.	 Pleasants RA, Ohar JA, Croft JB, et al. 
Chronic obstructive pulmonary disease 
and asthma — patient characteristics and 
health impairment. COPD 2014;​11:​256-
66.
7.	 Sin DD, Man SF. Chronic obstructive 
pulmonary disease as a risk factor for car-
diovascular morbidity and mortality. Proc 
Am Thorac Soc 2005;​2:​8-11.
8.	 Kunisaki KM, Dransfield MT, Ander-
son JA, et al. Exacerbations of chronic 
obstructive pulmonary disease and cardiac 
events: a post hoc cohort analysis from 
the SUMMIT randomized clinical trial. 
Am J Respir Crit Care Med 2018;​198:​51-7.
9.	 Sidney S, Sorel M, Quesenberry CP Jr, 
DeLuise C, Lanes S, Eisner MD. COPD and 
incident cardiovascular disease hospital-
izations and mortality: Kaiser Perman-
ente Medical Care Program. Chest 2005;​
128:​2068-75.

10.	 Corbi G, Bianco A, Turchiarelli V, et al. 
Potential mechanisms linking atheroscle-
rosis and increased cardiovascular risk in 
COPD: focus on sirtuins. Int J Mol Sci 
2013;​14:​12696-713.
11.	 Gan WQ, Man SF, Senthilselvan A, 
Sin DD. Association between chronic ob-
structive pulmonary disease and systemic 
inflammation: a systematic review and a 
meta-analysis. Thorax 2004;​59:​574-80.
12.	Kapustnik V, Istomina O. Endothelial 
dysfunction in patients with chronic ob-
structive pulmonary disease with concom-
itant hypertension. Georgian Med News 
2016;​256-257:​29-33.
13.	 Kim SH, Park JH, Lee JK, Heo EY, Kim 
DK, Chung HS. Chronic obstructive pul-
monary disease is independently associat-
ed with hypertension in men: a survey de-
sign analysis using nationwide survey data. 
Medicine (Baltimore) 2017;​96(19):​e6826.
14.	 Patel AR, Kowlessar BS, Donaldson 
GC, et al. Cardiovascular risk, myocardial 
injury, and exacerbations of chronic ob-
structive pulmonary disease. Am J Respir 
Crit Care Med 2013;​188:​1091-9.
15.	 Barnes PJ. Inflammatory mechanisms 
in patients with chronic obstructive pul-
monary disease. J Allergy Clin Immunol 
2016;​138:​16-27.
16.	 Agustí A, Edwards LD, Rennard SI,  
et al. Persistent systemic inflammation is 
associated with poor clinical outcomes in 
COPD: a novel phenotype. PLoS One 2012;​
7(5):​e37483.
17.	 Thomsen M, Dahl M, Lange P, Vestbo 
J, Nordestgaard BG. Inf lammatory bio-
markers and comorbidities in chronic ob-
structive pulmonary disease. Am J Respir 
Crit Care Med 2012;​186:​982-8.
18.	Miller J, Edwards LD, Agustí A, et al. 
Comorbidity, systemic inflammation and 
outcomes in the ECLIPSE cohort. Respir 
Med 2013;​107:​1376-84.
19.	 Whelton PK, Carey RM, Aronow WS, 
et al. 2017 ACC/AHA/AAPA/ABC/ACPM/
AGS/APhA/ASH/ASPC/NMA/PCNA guide-
line for the prevention, detection, evalua-
tion, and management of high blood pres-
sure in adults: executive summary: a report 
of the American College of Cardiology/

American Heart Association Task Force 
on Clinical Practice Guidelines. Circula-
tion 2018;​138(17):​e426-e483.
20.	 Zewari S, Hadi L, van den Elshout F, 
Dekhuijzen R, Heijdra Y, Vos P. Obesity in 
COPD: comorbidities with practical con-
sequences? COPD 2018;​15:​464-71.
21.	 Cazzola M, Noschese P, D’Amato G, 
Matera MG. The pharmacologic treat-
ment of uncomplicated arterial hyperten-
sion in patients with airway dysfunction. 
Chest 2002;​121:​230-41.
22.	Di Daniele N. Therapeutic approaches 
of uncomplicated arterial hypertension in 
patients with COPD. Pulm Pharmacol 
Ther 2015;​35:​1-7.
23.	Herrin MA, Feemster LC, Crothers K, 
Uman JE, Bryson CL, Au DH. Combina-
tion antihypertensive therapy among pa-
tients with COPD. Chest 2013;​143:​1312-20.
24.	 Flamenbaum W. Diuretic use in the 
elderly: potential for diuretic-induced hy-
pokalemia. Am J Cardiol 1986;​57(2):​38A-
43A.
25.	 Yancy CW, Jessup M, Bozkurt B, et al. 
2013 ACCF/AHA guideline for the man-
agement of heart failure: a report of the 
American College of Cardiology Founda-
tion/American Heart Association Task 
Force on practice guidelines. Circulation 
2013;​128(16):​e240-e327.
26.	Vozoris NT, Wang X, Austin PC, et al. 
Incident diuretic drug use and adverse re-
spiratory events among older adults with 
chronic obstructive pulmonary disease. 
Br J Clin Pharmacol 2018;​84:​579-89.
27.	 Forth R, Montgomery H. ACE in 
COPD: a therapeutic target? Thorax 2003;​
58:​556-8.
28.	Magalhães GS, Rodrigues-Machado 
MG, Motta-Santos D, et al. Angiotensin- 
(1-7) attenuates airway remodelling and 
hyperresponsiveness in a model of chronic 
allergic lung inflammation. Br J Pharma-
col 2015;​172:​2330-42.
29.	 Vasileiadis IE, Goudis CA, Giannako-
poulou PT, Liu T. Angiotensin converting 
enzyme inhibitors and angiotensin recep-
tor blockers: a promising medication for 
chronic obstructive pulmonary disease? 
COPD 2018;​15:​148-56.

The New England Journal of Medicine 
Downloaded from nejm.org by EDWARD STEHLIK on January 23, 2020. For personal use only. No other uses without permission. 

 Copyright © 2020 Massachusetts Medical Society. All rights reserved. 



n engl j med 382;4  nejm.org  January 23, 2020362

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

30.	Mancini GB, Etminan M, Zhang B, 
Levesque LE, FitzGerald JM, Brophy JM. 
Reduction of morbidity and mortality by 
statins, angiotensin-converting enzyme 
inhibitors, and angiotensin receptor block-
ers in patients with chronic obstructive 
pulmonary disease. J Am Coll Cardiol 
2006;​47:​2554-60.
31.	 Andreas S, Herrmann-Lingen C, Rau-
pach T, et al. Angiotensin II blockers in 
obstructive pulmonary disease: a random
ised controlled trial. Eur Respir J 2006;​27:​
972-9.
32.	Mortensen EM, Copeland LA, Pugh 
MJ, et al. Impact of statins and ACE in-
hibitors on mortality after COPD exacer-
bations. Respir Res 2009;​10:​45.
33.	 Di Bari M, van de Poll-Franse LV, 
Onder G, et al. Antihypertensive medica-
tions and differences in muscle mass in 
older persons: the Health, Aging and 
Body Composition Study. J Am Geriatr 
Soc 2004;​52:​961-6.
34.	Onder G, Penninx BW, Balkrishnan R, 
et al. Relation between use of angioten-
sin-converting enzyme inhibitors and 
muscle strength and physical function in 
older women: an observational study. 
Lancet 2002;​359:​926-30.
35.	 Shrikrishna D, Tanner RJ, Lee JY, et al. 
A randomized controlled trial of angio-
tensin-converting enzyme inhibition for 
skeletal muscle dysfunction in COPD. 
Chest 2014;​146:​932-40.
36.	Curtis KJ, Meyrick VM, Mehta B, et al. 
Angiotensin-converting enzyme inhibition 
as an adjunct to pulmonary rehabilitation 
in chronic obstructive pulmonary dis-
ease. Am J Respir Crit Care Med 2016;​194:​
1349-57.
37.	 Dicpinigaitis PV. Angiotensin-convert-
ing enzyme inhibitor-induced cough: ACCP 
evidence-based clinical practice guide-
lines. Chest 2006;​129:​Suppl:​169S-173S.
38.	Hallberg P, Nagy J, Karawajczyk M,  
et al. Comparison of clinical factors be-
tween patients with angiotensin-convert-
ing enzyme inhibitor-induced angioedema 
and cough. Ann Pharmacother 2017;​51:​
293-300.
39.	 Wyskida K, Jura-Szołtys E, Smertka M, 
Owczarek A, Chudek J. Factors that favor 
the occurrence of cough in patients treat-
ed with ramipril — a pharmacoepidemio-
logical study. Med Sci Monit 2012;​18(9):​
PI21-PI28.
40.	Morimoto T, Gandhi TK, Fiskio JM,  
et al. An evaluation of risk factors for ad-
verse drug events associated with angio-
tensin-converting enzyme inhibitors. J Eval 
Clin Pract 2004;​10:​499-509.
41.	 Mahmoudpour SH, Baranova EV, Sou-
verein PC, Asselbergs FW, de Boer A, 
Maitland-van der Zee AH. Determinants 
of angiotensin-converting enzyme inhibi-
tor (ACEI) intolerance and angioedema in 
the UK Clinical Practice Research Data-

link. Br J Clin Pharmacol 2016;​82:​1647-
59.
42.	 Lipworth B, Skinner D, Devereux G,  
et al. Underuse of β-blockers in heart fail-
ure and chronic obstructive pulmonary 
disease. Heart 2016;​102:​1909-14.
43.	 Du Q, Sun Y, Ding N, Lu L, Chen Y. 
Beta-blockers reduced the risk of mortal-
ity and exacerbation in patients with 
COPD: a meta-analysis of observational 
studies. PLoS One 2014;​9(11):​e113048.
44.	Su VY, Chang YS, Hu YW, et al. 
Carvedilol, bisoprolol, and metoprolol 
use in patients with coexistent heart fail-
ure and chronic obstructive pulmonary 
disease. Medicine (Baltimore) 2016;​95(5):​
e2427.
45.	 Liao KM, Lin TY, Huang YB, Kuo CC, 
Chen CY. The evaluation of β-adrenoceptor 
blocking agents in patients with COPD 
and congestive heart failure: a nationwide 
study. Int J Chron Obstruct Pulmon Dis 
2017;​12:​2573-81.
46.	Morales DR, Lipworth BJ, Donnan PT, 
Jackson C, Guthrie B. Respiratory effect 
of beta-blockers in people with asthma 
and cardiovascular disease: population-
based nested case control study. BMC Med 
2017;​15:​18.
47.	 Morales DR, Jackson C, Lipworth BJ, 
Donnan PT, Guthrie B. Adverse respira-
tory effect of acute β-blocker exposure in 
asthma: a systematic review and meta-
analysis of randomized controlled trials. 
Chest 2014;​145:​779-86.
48.	Kubota Y, Asai K, Furuse E, et al. Im-
pact of β-blocker selectivity on long-term 
outcomes in congestive heart failure pa-
tients with chronic obstructive pulmonary 
disease. Int J Chron Obstruct Pulmon Dis 
2015;​10:​515-23.
49.	 Richardson A, Tolley E, Hartmann J, 
et al. Evaluation of chronic obstructive 
pulmonary disease (COPD) and reduced 
ejection fraction heart failure (HFrEF) 
discharge medication prescribing: is drug 
therapy concordant with national guide-
lines associated with a reduction in 30-
day readmissions? Respir Med 2016;​119:​
135-40.
50.	 Puente-Maestu L, Calle M, Ortega-
González A, et al. Multicentric study on 
the beta-blocker use and relation with 
exacerbations in COPD. Respir Med 2014;​
108:​737-44.
51.	 Mentz RJ, Fiuzat M, Wojdyla DM, et al. 
Clinical characteristics and outcomes of 
hospitalized heart failure patients with 
systolic dysfunction and chronic obstruc-
tive pulmonary disease: findings from 
OPTIMIZE-HF. Eur J Heart Fail 2012;​14:​
395-403.
52.	Mentz RJ, Schmidt PH, Kwasny MJ,  
et al. The impact of chronic obstructive 
pulmonary disease in patients hospital-
ized for worsening heart failure with re-
duced ejection fraction: an analysis of the 

EVEREST Trial. J Card Fail 2012;​18:​515-
23.
53.	 Staszewsky L, Cortesi L, Tettamanti 
M, et al. Outcomes in patients hospital-
ized for heart failure and chronic obstruc-
tive pulmonary disease: differences in 
clinical profile and treatment between 
2002 and 2009. Eur J Heart Fail 2016;​18:​
840-8.
54.	Andell P, Erlinge D, Smith JG, et al. 
β-Blocker use and mortality in COPD pa-
tients after myocardial infarction: a Swed-
ish nationwide observational study. J Am 
Heart Assoc 2015;​4(4):​e001611.
55.	 Quint JK, Herrett E, Bhaskaran K, et al. 
Effect of β blockers on mortality after 
myocardial infarction in adults with COPD: 
population based cohort study of UK elec-
tronic healthcare records. BMJ 2013;​347:​
f6650.
56.	Dransfield MT, Voelker H, Bhatt SP,  
et al. Metoprolol for the prevention of 
acute exacerbations of COPD. N Engl J 
Med 2019;​381:​2304-14.
57.	 Stefan MS, Bannuru RR, Lessard D, 
Gore JM, Lindenauer PK, Goldberg RJ. 
The impact of COPD on management and 
outcomes of patients hospitalized with 
acute myocardial infarction: a 10-year 
retrospective observational study. Chest 
2012;​141:​1441-8.
58.	Angeloni E, Melina G, Roscitano A,  
et al. β-Blockers improve survival of pa-
tients with chronic obstructive pulmo-
nary disease after coronary artery bypass 
grafting. Ann Thorac Surg 2013;​95:​525-31.
59.	 Su TH, Chang SH, Chen PC, Chan YL. 
Temporal trends in treatment and out-
comes of acute myocardial infarction in 
patients with chronic obstructive pulmo-
nary disease: a nationwide population-
based observational study. J Am Heart 
Assoc 2017;​6(3):​e004525.
60.	 Self TH, Owens RE, Mancell J, Nahata 
MC. Asthma as a comorbidity in hospital-
ized patients: a potential missed oppor-
tunity to intervene. Ann Pharmacother 
2016;​50:​511-3.
61.	 Andersson C, Hansen PW, Steffensen 
IE, et al. Mortality associated with cardio-
vascular drugs in patients with chronic 
obstructive pulmonary disease and right-
sided heart failure — a Danish nation-
wide registry-based study. Eur J Intern 
Med 2019;​63:​56-61.
62.	Biernacki W, Flenley DC. Doxazosin,  
a new alpha-1-antagonist drug, controls 
hypertension without causing airways 
obstruction in asthma and COPD. J Hum 
Hypertens 1989;​3:​419-25.
63.	 Corriveau ML, Vu-Dinh Minh, Dolan 
GF. Long-term effects of hydralazine on 
ventilation and blood gas values in pa-
tients with chronic obstructive pulmo-
nary disease and pulmonary hyperten-
sion. Am J Med 1987;​83:​886-92.
64.	Tocci G, Cicero AF, Salvetti M, et al. 

The New England Journal of Medicine 
Downloaded from nejm.org by EDWARD STEHLIK on January 23, 2020. For personal use only. No other uses without permission. 

 Copyright © 2020 Massachusetts Medical Society. All rights reserved. 



n engl j med 382;4  nejm.org  January 23, 2020 363

Hypertension in Chronic Obstructive Pulmonary Disease

Attitudes and preferences for the clinical 
management of patients with hyperten-
sion and hypertension with chronic ob-
structive pulmonary disease in Italy: main 
results of a survey questionnaire. Intern 
Emerg Med 2015;​10:​943-54.
65.	Wu LT, Zhu H, Ghitza UE. Multico-
morbidity of chronic diseases and sub-
stance use disorders and their association 
with hospitalization: results from elec-
tronic health records data. Drug Alcohol 
Depend 2018;​192:​316-23.
66.	Leuppi JD, Schuetz P, Bingisser R, et al. 
Short-term vs conventional glucocorti-
coid therapy in acute exacerbations of 
chronic obstructive pulmonary disease: 
the REDUCE randomized clinical trial. 
JAMA 2013;​309:​2223-31.
67.	 Ferguson S, Teodorescu MC, Gangnon 
RE, et al. Factors associated with systemic 
hypertension in asthma. Lung 2014;​192:​
675-83.
68.	Saberi P, Phengrasamy T, Nguyen DP. 
Inhaled corticosteroid use in HIV-positive 
individuals taking protease inhibitors:  

a review of pharmacokinetics, case reports 
and clinical management. HIV Med 2013;​
14:​519-29.
69.	 Meltzer EO, Ratner PH, McGraw T. 
Oral phenylephrine HCl for nasal conges-
tion in seasonal allergic rhinitis: a ran-
domized, open-label, placebo-controlled 
study. J Allergy Clin Immunol Pract 2015;​
3:​702-8.
70.	 Salerno SM, Jackson JL, Berbano EP. 
Effect of oral pseudoephedrine on blood 
pressure and heart rate: a meta-analysis. 
Arch Intern Med 2005;​165:​1686-94.
71.	 Latham GJ, Jardine DS. Oxymetazo-
line and hypertensive crisis in a child: can 
we prevent it? Paediatr Anaesth 2013;​23:​
952-6.
72.	Morello L, Martin TJ. Hypertension 
and ventricular tachycardia with peri
operative use of Vick’s Vapor Inhaler®. 
Anesth Analg 2013;​116:​506-7.
73.	 Singh U, Wangia-Anderson V, Bern-
stein JA. Chronic rhinitis is a high-risk 
comorbidity for 30 day hospital readmis-
sion in patients with asthma and chronic 

obstructive pulmonary disease. J Allergy 
Clin Immunol Pract 2019;​7(1):​279-285-e6.
74.	 Wang MT, Liou JT, Lin CW, et al. As-
sociation of cardiovascular risk with in-
haled long-acting bronchodilators in pa-
tients with chronic obstructive pulmonary 
disease: a nested case-control study. JAMA 
Intern Med 2018;​178:​229-38.
75.	 Ghosh M, Majumdar SR. Antihyper-
tensive medications, bone mineral den-
sity, and fractures: a review of old car
diac drugs that provides new insights into 
osteoporosis. Endocrine 2014;​46:​397-405.
76.	 Hill NS. Fluid and electrolyte consid-
erations in diuretic therapy for hyperten-
sive patients with chronic obstructive pul-
monary disease. Arch Intern Med 1986;​
146:​129-33.
77.	 Bucknall CE, Neilly JB, Carter R, Ste-
venson RD, Semple PF. Bronchial hyper-
reactivity in patients who cough after re-
ceiving angiotensin converting enzyme 
inhibitors. Br Med J (Clin Res Ed) 1988;​
296:​86-8.
Copyright © 2020 Massachusetts Medical Society.

images in clinical medicine

The Journal welcomes consideration of new submissions for Images in Clinical 
Medicine. Instructions for authors and procedures for submissions can be found 
on the Journal’s website at NEJM.org. At the discretion of the editor, images that  

are accepted for publication may appear in the print version of the Journal,  
the electronic version, or both. 

The New England Journal of Medicine 
Downloaded from nejm.org by EDWARD STEHLIK on January 23, 2020. For personal use only. No other uses without permission. 

 Copyright © 2020 Massachusetts Medical Society. All rights reserved. 


