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Impact of Chronic Obstructive Pulmonary 
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BACKGROUND: Little is known about the impact of chronic obstructive pulmonary disease (COPD) in patients with heart failure 
with preserved ejection fraction (HFpEF).

METHODS AND RESULTS: We examined outcomes in patients with heart failure with preserved ejection fraction, according to 
COPD status, in the PARAGON-HF (Prospective Comparison of Angiotensin Receptor Neprilysin Inhibitor With Angiotensin 
Receptor Blocker Global Outcomes in Heart Failure With Preserved Ejection Fraction) trial. The primary outcome was a com-
posite of first and recurrent hospitalizations for heart failure and cardiovascular death. Of 4791 patients, 670 (14%) had COPD. 
Patients with COPD were more likely to be men (58% versus 47%; P<0.001) and had worse New York Heart Association 
functional class (class III/IV 24% versus 19%), worse Kansas City Cardiomyopathy Questionnaire Clinical Summary Scores 
(69 versus 76; P<0.001) and more frequent history of heart failure hospitalization (54% versus 47%; P<0.001). The decrement 
in Kansas City Cardiomyopathy Questionnaire Clinical Summary Scores with COPD was greater than for other common co-
morbidities. Patients with COPD had echocardiographic right ventricular enlargement, higher serum creatinine (100 μmol/L 
versus 96 μmol/L) and neutrophil-to-lymphocyte ratio (2.7 versus 2.5), than those without COPD. After multivariable adjustment, 
COPD was associated with worse outcomes: adjusted rate ratio for the primary outcome 1.51 (95% CI, 1.25–1.83), total heart 
failure hospitalization 1.54 (95% CI, 1.24–1.90), cardiovascular death (adjusted hazard ratio [HR], 1.42; 95% CI, 1.10–1.82), and 
all-cause death (adjusted HR, 1.52; 95% CI, 1.25–1.84). COPD was associated with worse outcomes than other comorbidities 
and Kansas City Cardiomyopathy Questionnaire Clinical Summary Scores declined more in patients with COPD than in those 
without.

CONCLUSIONS: Approximately 1 in 7 patients with heart failure with preserved ejection fraction had concomitant COPD, which 
was associated with greater functional limitation and a higher risk of heart failure hospitalization and death.
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In contrast to heart failure with reduced ejection frac-
tion (HFrEF), relatively little is known about chronic ob-
structive pulmonary disease (COPD) in patients with 

heart failure with preserved ejection fraction (HFpEF). 
Indeed, while the 2 conditions can clearly coexist, there 
has been concern about potential misdiagnosis of 
HFpEF in patients with COPD,1,2 and sometimes differ-
entiating between the 2 conditions can pose a diagnos-
tic challenge.3 This concern has led to careful wording 
of HFpEF trial protocols to exclude individuals with 
severe COPD,4–7 as such patients’ symptoms3,8 and 
prognosis might be determined as much by their lung 
disease as their cardiac condition.9,10 This is one reason 
why the prevalence of COPD in patients with HFpEF 
in trials (10%–19%)11–13 is generally much less than in 
epidemiological and registry studies (prevalence up to 
40%).3 It also why it has been hard to determine the true 
impact of concurrent COPD in HFpEF, that is, because 
of the concern that some patient cohorts may have 
included a significant minority of patients with COPD 
alone, misdiagnosed as HFpEF.2 The PARAGON-HF 
(Prospective Comparison of Angiotensin Receptor 
Neprilysin Inhibitor [ARNI] with angiotensin receptor 
blocker [ARB] Global Outcomes in Heart Failure With 
Preserved Ejection Fraction) trial was designed to min-
imize the possibility of including patients with COPD 
misdiagnosed as HFpEF.4 Probable alternative diag-
noses that the investigator considered could account 
for patients’ symptoms (eg, dyspnea, fatigue), such as 
significant pulmonary disease, were excluded.4 In ad-
dition, eligible patients had to demonstrate structural 
heart disease consistent with a diagnosis of HFpEF (ie, 
left ventricular hypertrophy, left atrial enlargement, or 
both) and an elevated concentration of NT-proBNP (N-
terminal pro-B-type natriuretic peptide).4

In this more rigorously defined HFpEF population, 
we have examined in detail the clinical, biomarker, and 
echocardiographic characteristics of patients with a 
concomitant diagnosis of COPD and investigated fatal 
and nonfatal outcomes in patients with this comorbidity, 
including cause of death and changes in quality of life.

METHODS
PARAGON-HF was a randomized, double-blind, parallel-
group, active-controlled, 2-arm, event-driven trial com-
paring the long-term efficacy and safety of valsartan and 
sacubitril/valsartan in patients with chronic symptomatic 
HFpEF. The study design, baseline characteristics, and 
primary results are published.4 Novartis is committed 
to sharing access to patient-level data and supporting 
clinical documents from eligible studies with qualified 
external researchers. These requests are reviewed and 
approved by an independent review panel on the basis 
of scientific merit. All data provided are anonymized to 

CLINICAL PERSPECTIVE

What Is New?
•	 In patients with heart failure with preserved ejec-

tion fraction, chronic obstructive pulmonary 
disease (COPD) was associated with markedly 
worse symptoms and quality of life (measured 
with Kansas City Cardiomyopathy Questionnaire 
Clinical Summary Score), compared with no 
COPD, and to other common comorbidities.

•	 COPD was associated with elevation of neu-
trophils and troponin (but not NT-proBNP [N-
terminal pro-B-type natriuretic peptide]) and 
right ventricular enlargement.

•	 COPD was associated with higher rates of non-
fatal and fatal outcomes and remained an inde-
pendent predictor of these, even after adjusting 
for right ventricular size; COPD did not modify 
the effect of sacubitril/valsartan compared with 
valsartan on any prespecified mortality/hos-
pitalization outcome, or on change in Kansas 
City Cardiomyopathy Questionnaire Clinical 
Summary Scores.

What Are the Clinical Implications?
•	 Among patients with heart failure with pre-

served ejection fraction, those with COPD are at 
high risk, which is not fully explained and merits 
further investigation.

•	 However, influenza vaccination, smoking ces-
sation and bronchodilators are therapeutic in-
terventions that are beneficial but underused.

Nonstandard Abbreviations and Acronyms

HFpEF	 heart failure with preserved 
ejection fraction

HFrEF	 heart failure with reduced 
ejection fraction

I-Preserve	 Irbesartan in Heart Failure With 
Preserved Ejection Fraction

KCCQ	 Kansas City Cardiomyopathy 
Questionnaire

KCCQ-CSS	 Kansas City Cardiomyopathy 
Questionnaire Clinical Summary 
Score

PARAGON-HF	 Prospective Comparison of 
Angiotensin Receptor Neprilysin 
Inhibitor (ARNI) With Angiotensin 
Receptor Blocker (ARB) Global 
Outcomes in Heart Failure With 
Preserved Ejection Fraction
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respect the privacy of patients who have participated in 
the trial in line with applicable laws and regulations. The 
trial data availability is according to the criteria and pro-
cess described on www.clini​calst​udyda​tareq​uest.com.

Study Design and Population
Patients in New York Heart Association functional class 
II, III and IV, with an ejection fraction of 45% or higher, 
an elevated NT-proBNP level, evidence of structural 
heart disease, and taking diuretic therapy were eligi-
ble. The NT-proBNP threshold for inclusion varied on 
the basis of recent hospitalization for heart failure and 
the presence of atrial fibrillation (AF) or flutter. The main 
exclusion criteria included any previous echocardio-
graphic measurement of left ventricular ejection frac-
tion <40%, systolic blood pressure <110 mm Hg, an 
estimated glomerular filtration rate <30  mL/min per 
1.73 m2, and serum potassium level >5.2 mmol/L.

Definition of COPD
The presence of COPD was recorded using a yes/no 
check box on the case-report form completed by site 
investigators at study entry. The protocol specifically ex-
cluded patients with “severe COPD,” defined as COPD 
requiring home oxygen, chronic nebulizer, or chronic 
oral steroid therapy, or resulting in hospitalization for 
pulmonary decompensation within the prior 12 months.

Echocardiographic Substudy
Participating investigators sent echocardiographic 
studies in digital format to a core laboratory at the 
Brigham and Women’s Hospital, Boston, where quan-
titative measures were performed in accordance with 
American Society of Echocardiography guidelines, by 
dedicated analysts blinded to clinical information and 
randomized treatment assignment, as described in 
detail elsewhere.14 Echocardiographic information was 
available for 1097 patients (22.8%) in PARAGON-HF, 
162 of the 670 patients (24.2%) with COPD and 934 of 
the 4121 patients (22.7%) without COPD. One patient 
had missing information regarding COPD status.

Study End Points
The primary outcome was a composite of total heart 
failure hospitalizations and cardiovascular death. 
Secondary outcomes included the components of 
the primary outcome and all-cause mortality. We ana-
lyzed change from baseline to 8 months (as prespeci-
fied) in the Kansas City Cardiomyopathy Questionnaire 
Clinical Summary Score (KCCQ-CSS), Total Symptom 
Score, and Overall Summary Score, as well as non-
cardiovascular deaths, in view of the potential impact 
of COPD on quality of life and deaths from respiratory 
causes and infection.

Statistical Analysis
Baseline characteristics are presented as means with 
SD or median with interquartile range for continuous 
variables, and frequency and percentages for categori-
cal variables. The primary outcome was evaluated with 
the use of semiparametric proportional rates method 
of Lin et al stratified according to geographical region.15 
The cumulative recurrent events were displayed using 
Nelson-Aalen cumulative hazard curves and cumulative 
first events were displayed using Kaplan-Meier curves. 
Models were adjusted for treatment, age, sex, race, 
systolic blood pressure, heart rate, body mass index, 
clinical features of heart failure (left ventricular ejection 
fraction, NT-proBNP [log]), New York Heart Association 
class), hypertension, chronic kidney disease, diabetes, 
AF, hospitalization for heart failure, myocardial infarc-
tion, stroke, and duration of heart failure and stratified 
by region. We also examined the effect of comorbidities 
for each outcome in a multivariable model adjusted for 
treatment, race, sex, and NT-proBNP(log). Obesity was 
defined as a body mass index ≥30 kg/m2, and chronic 
kidney disease was defined as an estimated glomeru-
lar filtration rate <60 mL/min per 1.73 m2. Change in 
KCCQ-CSS from baseline to 8 months was analyzed 
using a multilevel mixed-effects linear regression model 
with an interaction term between COPD status and 
time and adjusted for baseline KCCQ, region, and ran-
domized treatment with a random intercept and slope 
per patient with an unstructured covariance struc-
ture. For patients with and without COPD, the effect 
of sacubitril-valsartan was compared with valsartan for 
the primary outcome, and its components were also 
examined. All analyses were conducted using STATA 
version 16. A P value of <0.05 was considered statisti-
cally significant.

RESULTS
Among 4796 patients included in the primary efficacy 
analysis of PARAGON-HF, 5 did not have information 
on COPD status. Of the 4791 with information about 
COPD status, 670 (14%) had a diagnosis of COPD.

Baseline Findings: COPD Versus No 
COPD
Demographics and Comorbidity

Patients with COPD were older (73.4±7.9  years ver-
sus 72.6±8.5 years; P=0.04), less likely to be women 
(42.7% versus 53.2%; P<0.001), and had a higher heart 
rate (72±13 versus 70; P=0.001). Current (13.8% versus 
5.8%) and prior smoking (48.8% versus 29.2%) were 
more common in patients with COPD than in those 
without (both P<0.001). Patients with COPD were more 
likely than those without to have a history of coronary 
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heart disease and of stroke. However, they did not 
have a higher prevalence of AF or atrial flutter (Table 1).

Heart Failure Characteristics

Patients with COPD had worse functional class (New 
York Heart Association class III/IV, 24.1% versus 19.1%) 
and a more frequent history of heart failure hospitali-
zation (54.2% versus 47.1%; P<0.001), compared with 
participants without COPD. There was no difference in 
NT-proBNP and left ventricular ejection fraction between 
patients with and without COPD, even when account-
ing for electrocardiographic evidence of AF (Table  2). 
Elevated jugular venous pressure (19.1% versus 12.9%) 
and rales (10.3% versus 6.7%) were reported more often 
in patients with COPD (P value for both <0.0001), while 
peripheral edema was similar in the 2 groups. Right 
bundle branch block was more prevalent in patients 
with COPD than in participants without COPD (9.0% 
versus 6.8%; P=0.04, respectively).

Heath-Related Quality-of-Life

Patients with COPD had a lower (worse) KCCQ clinical 
summary score than patients without COPD (69.3 ver-
sus 76.0; P<0.001). The decrement in all KCCQ scores 
examined was greater in patients with COPD com-
pared with other common comorbidities (Figure 1).

Echocardiographic Findings

Patients with COPD had a greater right ventricular end 
diastolic area (22.4±5.6  cm2 versus 20.8±5.9  cm2; P 
value=0.022) and right ventricular end systolic area 
(12.4±4.4  cm2 versus 11.0±4.0  cm2; P=0.002) and 
a shorter fractional area change (45.0±9.9 versus 
47.4±9.1; P=0.024) than those without COPD (Table 3). 
Peak systolic right ventricular pressure gradient did not 
differ between patients with and without COPD.

Laboratory Measures and Cardiac Biomarkers

Patients with COPD had a higher serum creatinine 
(100.2±29.0 μmol/L versus 95.8±27.0 μmol/L), neutrophil 
count (4.3 × 109/L versus 4.0 × 109/L) and neutrophil-
to-lymphocyte ratio (2.7 versus 2.5) than those without 
COPD (P<0.001 for all comparisons). Patients with COPD 
had a higher high-sensitivity troponin when compared 
with those without (18.0 ng/L versus 16.0 ng/L), but there 
was no difference in levels of soluble ST2 or the markers 
of collagen turnover measured (Tables 1 and 2).

Baseline Cardiovascular Treatment

The greatest difference in cardiovascular therapy be-
tween patients with and without COPD was in use 
of beta blockers, which were prescribed less often 

to patients with COPD compared with those with-
out (74.8% versus 80.5%; P value <0.001) (Table  1). 
Conversely, diuretic and nitrate prescriptions were 
more common in patients with COPD (97.2% versus 

Table 1.  Baseline Characteristics: Patients With and 
Without COPD

No COPD  
n=4121

COPD  
n=670 P value

Age, y 72.6±8.5 73.4±7.9 0.04

Female sex, n (%) 2191 (53.2) 286 (42.7) <0.001

Race, n (%) <0.001

White 3308 (80.3) 594 (88.7)

Asian 563 (13.7) 44 (6.6)

Black or African 
American

82 (2.0) 20 (3.0)

Other 168 (4.1) 12 (1.8)

Region, n (%) <0.001

Western Europe 1171 (28.4) 216 (32.2)

Central Europe 1495 (36.3) 220 (32.8)

North America 408 (9.9) 149 (22.2)

Latin America 350 (8.5) 20 (3.0)

Asia/Pacific and other 697 (16.9) 65 (9.7)

Physical characteristics

Systolic blood pressure, 
mm Hg

131±15.0 130±16.0 0.72

Heart rate, bpm 70.0±12.0 72.0±13.0 0.001

Body mass index, kg/m2 30.1±5.0 30.9±5.1 <0.001

Laboratory measures

Hemoglobin, g/L 135.0 
(125.0–145.0)

134.0 
(125.0–145.0)

0.93

White blood cells, 109/L 6.3 (5.3–7.5) 6.8 (5.7–8.1) <0.001

Neutrophils, 109/L 4.0 (3.2–5) 4.3 (3.6–5.5) <0.001

Lymphocytes, 109/L 1.6 (1.3–2.0) 1.6 (1.3–2.0) 0.70

Neutrophil/lymphocyte 
ratio

2.5 (1.9–3.3) 2.7 (2.0–3.7) <0.001

Creatinine, μmol/L 95.8±27.0 100.2±29.0 <0.001

Smoking history, n (%) <0.001

Never 2661 (65.0) 250 (37.4)

Former 1197 (29.2) 326 (48.8)

Current 237 (5.8) 92 (13.8)

Medical history, n (%)

Hypertension 3936 (95.5) 643 (96.0) 0.59

Diabetes 1759 (42.7) 301 (44.9) 0.28

AF 1328 (32.3) 222 (33.3) 0.62

ECG AF at 
randomization

1200 (29.3) 195 (29.4) 0.95

Myocardial infarction 912 (22.1) 170 (25.4) 0.06

Prior CABG 469 (11.4) 101 (15.1) 0.006

Prior PCI 812 (19.7) 163 (24.3) 0.006

Stroke 420 (10.2) 87 (13.0) 0.03

AF indicates atrial fibrillation; CABG, coronary artery bypass; COPD, 
chronic obstructive pulmonary disease; and PCI, percutaneous coronary 
intervention.
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95.3; P=0.03; and 13.3% versus 10.6%; P=0.04, re-
spectively). Influenza vaccination rate was low overall, 
though more frequent in patients with COPD com-
pared with those without COPD (45.1% versus 33.9%; 
P<0.001).

Baseline Pulmonary Treatment (in Patients With 
COPD)

The most commonly used treatments were inhaled 
beta agonists (28.5%), anticholinergics (29.9%), and 
combination inhalers, including corticosteroids (19.6%). 
Methylxanthines were used in only 4.0% of cases.

Outcomes: COPD Versus No COPD
Primary Outcome and Mortality

COPD was associated with a significantly higher risk 
of the primary end point and all secondary outcomes, 
even after adjustment for conventional prognostic vari-
ables (as described in the Methods section): adjusted 
rate ratio for the primary end point, 1.51 (95% CI, 1.25–
1.83; P<0.001); total heart failure hospitalizations, 1.54 
(95% CI, 1.24–1.90; P<0.001); cardiovascular death 
(adjusted hazard ratio [HR], 1.42; 95% CI, 1.10–1.82; 
P=0.006); and all-cause death (HR, 1.52; 95% CI, 
1.25–1.84; P<0.001) (Table 4 and Figure 2).

Prognostic Importance of Right Ventricular 
Enlargement

In the subset of patients with a baseline echocardio-
gram, COPD was associated with a similarly elevated 
risk for the primary end point (adjusted rate ratio, 1.65; 
95% CI, 1.04–2.63; P=0.034) (Table S1). In this subset 
of patients, right ventricular end systolic area was inde-
pendently predictive of worse outcomes when added 
to the multivariable model: the adjusted rate ratio for 

Table 2.  Heart Failure Characteristics in Patients With and 
Without COPD

No COPD  
n=4121

COPD  
n=670 P value

Prior heart failure 
hospitalization

1941 (47.1) 363 (54.2) <0.001

NYHA class, n (%) 0.003

I 125 (3.0) 12 (1.8)

II 3206 (77.8) 496 (74.0)

III 770 (18.7) 161 (24.0)

IV 18 (0.4) 1 (0.1)

KCCQ-CSS 76.0 (60.9–88.5) 69.3 (55.0–82.8) <0.001

Signs of congestion, n (%)

Jugular venous 
distention

527 (12.9) 127 (19.1) <0.001

Edema 1552 (37.7) 271 (40.4) 0.18

Third heart sound 91 (2.2) 20 (3.0) 0.21

Rales 276 (6.7) 69 (10.3) <0.001

Biomarkers

NT-proBNP, pg/mL 913 (453–1606) 887 (467–1647) 0.67

NT-proBNP, pg/mL 
with ECG AF

1563 (1151–2231) 1586 
(1153–2319)

0.89

NT-pro BNP, pg/
mL without ECG 
AF

632 (386–1145) 639 (404–1156) 0.56

Troponin, ng/L 16.0 (11.0–24.0)  
n=1050

18.0 (13.0–26.0)  
n=209

0.004

ST2, ng/mL 22.1 (18.0–26.8)  
n=1022

23.2 (18.6–27.7)  
n=205

0.14

Procollagen type 
1, µg/L

38.0 (29.0–49.0)  
n=728

38.0 (30.0–49.0) 
n=135

0.77

Procollagen type 
3, µg/L

4.5 (3.5–5.5)  
n=730

4.1 (3.5–5.2)  
n=133

0.25

Collagen type 1, 
µg/L

5.9 (4.6–7.8)  
n=728

6.1 (4.9–8.7)  
n=135

0.16

ECG

LBBB 219 (5.3) 43 (6.4) 0.24

RBBB 280 (6.8) 60 (9.0) 0.04

QRS duration 103.6±40.2 106.2±41.8 0.13

Treatments at randomization, n (%)

Diuretic 3929 (95.3) 651 (97.2) 0.03

Digoxin 382 (9.3) 68 (10.1) 0.47

Beta blocker 3316 (80.5) 501 (74.8) <0.001

Calcium channel 
blocker

1406 (34.1) 223 (33.3) 0.67

MRA 1076 (26.1) 162 (24.2) 0.29

Oral nitrate 437 (10.6) 89 (13.3) 0.04

Influenza 
vaccination, n (%)

1389 (33.9) 302 (45.1) <0.001

ST2 was measured in 1227 patients, procollagen type 1 and type 3 
and collagen type I was measured in 863 patients and high-sensitivity 
troponin was measured in 1259 patients. AF indicates atrial fibrillation; 
CABG, coronary artery bypass graft; COPD, chronic obstructive pulmonary 
disease; KCCQ-CSS, Kansas City Cardiomyopathy Questionnaire clinical 
summary score; LBBB, left bundle branch block; MRA, mineralocorticoid 
receptor antagonist; NT-proBNP, N-terminal pro-hormone B-type natriuretic 
peptide; NYHA, New York Heart Association; PCI, percutaneous coronary 
intervention; and RBBB, right bundle branch block.

Figure 1.  Mean baseline Kansas City Cardiomyopathy 
Questionnaire scores associated with major comorbidities.
CKD indicates chronic kidney disease; and COPD, chronic 
obstructive pulmonary disease.
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the primary composite outcome was 1.63 (95% CI, 
1.03–2.56; P=0.036).

Kansas City Cardiomyopathy Questionnaire 
Clinical Summary Scores

On average, KCCQ-CSS decreased (deteriorated) be-
tween baseline and 8  months. The mean decrease 
was substantially and significantly larger in patients 
with COPD (−5.49±0.66) than those without COPD 
(−1.52±0.26). Likewise, a significantly greater propor-
tion (37.6%) of patients with COPD reported a clini-
cally meaningful deterioration (ie, ≥5-point decrease) 
in KCCQ-CSS than among participants without COPD 
(29.1%; odds ratio [OR], 1.51; 95% CI, 1.27–1.80); 
COPD patients were also less likely to have a clinically 
meaningful increase (improvement) in KCCQ-CSS 
(28.4% versus 29.9%; unadjusted OR, 0.82; 95% CI, 
0.67–0.99) (Table 4).

Outcomes Related to COPD Compared 
With Other Comorbidities
COPD was associated with a higher risk of the primary 
end point, its components, and all-cause mortality, 
after adjustment for treatment, sex, race, region, and 
NT-proBNP. The association between other comorbid-
ities and the risk of these outcomes is given for com-
parison (Figure 3).

Effect of Sacubitril/Valsartan Compared 
With Valsartan
Baseline history of COPD did not modify the effect of 
sacubitril/valsartan compared with valsartan on any 
prespecified mortality/hospitalization outcome, or on 
change in KCCQ-CSS (Table S2).

DISCUSSION
The present study provides a more detailed description 
of patients with the combination of HFpEF and COPD 
than reported previously, including biomarker, and 
quality-of-life data, as well as comprehensive echo-
cardiographic analysis in a core laboratory. In addition, 
an extensive range of adjudicated fatal and nonfatal 
outcomes are reported, with adjustment for other im-
portant prognostic variables, including NT-proBNP. We 
also examined the impact of COPD, compared with 
other comorbidities, on quality of life and mortality/
hospitalization outcomes. Finally, these data provide 
an interesting comparison with other recent reports in 
patients with HFrEF who had concomitant COPD.

As anticipated, the prevalence of COPD in pa-
tients with HFpEF in PARAGON-HF (14%) was lower 
than in most, but not all, epidemiological studies and 

Table 3.  Echocardiography Parameters in Patients With 
and Without COPD

No COPD  
n=934

COPD  
n=162 P value

Left heart structure

Interventricular septum, cm 1.09±0.24  
(n=888)

1.13±0.26  
(n=155)

0.11

LV posterior wall thickness, 
cm

0.95±0.20  
(n=869)

0.99±0.22  
(n=151)

0.039

LA area, cm2 23.0±5.7  
(n=590)

22.7±4.7  
(n=107)

0.66

LA volume, mL 75.1±30.6  
(n=834)

72.7±23.4  
(n=143)

0.37

LVOT area, cm 1.85±0.23  
(n=842)

1.88±0.23  
(n=149)

0.12

LV end-diastolic volume, mL 101.7±37.1  
(n=763)

106.9±41.5  
(n=133)

0.14

LV end-systolic volume, mL 42.9±22.3  
(n=763)

45.6±24.2  
(n=133)

0.21

LVEF (%) 58.7±9.7  
(n=934)

58.5±10.3  
(n=162)

0.86

Pulmonary pressure and the right ventricle

RV end-diastolic area, cm2 20.8±5.9  
(n=532)

22.4±5.6  
(n=87)

0.022

RV end-systolic area, cm2 11.0±4.0  
(n=532)

12.4±4.4  
(n=87)

0.002

RV ejection time, msec 317±43  
(n=560)

320±39  
(n=106)

0.56

Fractional area change, 
RV (%)

47.4±9.1  
(n=532)

45.0±9.9  
(n=87)

0.024

Myocardial RV performance 
index

0.27±0.16  
(n=323)

0.26±0.16  
(n=64)

0.94

RV VTI (cm) 15.0±6.0  
(n=559)

15.1±6.3  
(n=105)

0.90

Tricuspid regurgitation 
velocity, m/s

2.67±0.45  
(n=422)

2.67±0.53  
(n=66)

1.00

Peak systolic pressure 
gradient, RV, mm Hg

29.2±10.3  
(n=422)

29.6±12.2  
(n=66)

0.83

TAPSE, cm 1.80±0.43  
(n=443)

1.83±0.41  
(n=72)

0.63

LV diastolic function

E/A velocity ratio 1.32±0.73  
(n=498)

1.34±0.75  
(n=94)

0.79

E/e′ septal 16.9±7.4  
(n=633)

16.5±6.3  
(n=114)

0.55

E/e′ lateral 12.6±5.8  
(n=603)

12.2±5.1  
(n=111)

0.45

MV deceleration time, msec 169±40  
(n=667)

178±46  
(n=118)

0.047

IVC maximal diameter, cm 1.72±0.42  
(n=249)

1.76±0.50  
(n=54)

0.55

IVC minimal diameter, cm 0.89±0.39  
(n=118)

0.92±0.50  
(n=28)

0.68

A indicates peak velocity flow in late diastole caused by atrial contraction; 
COPD, chronic obstructive pulmonary disease; e′, peak early diastolic mitral 
annular tissue velocity; E wave, peak early diastolic transmitral flow velocity; 
IVC, inferior vena cava; LA, left atrial; LV, left ventricular; LVEF, left ventricular 
ejection fraction; LVOT, left ventricular outflow tract; MV, mitral valve; RV, 
right ventricle; TAPSE, tricuspid annular plane systolic excursion; and VTI, 
velocity time integral.
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registries.16 However, our prevalence findings were 
consistent with those in I-Preserve (Irbesartan in 
Heart Failure With Preserved Ejection Fraction) (10%),13 
TOPCAT (Treatment of Preserved Cardiac Function 
Heart Failure With an Aldosterone Antagonist) (12%),11 
and Candesartan in Heart failure Assessment of 
Reduction in Mortality and morbidity-Preserved (COPD 
was not recorded but 9% patients were prescribed 
bronchodilator drugs).17 For comparison, the prevalence 
of COPD in HFrEF trials is around 11% to 13%.18–20

In PARAGON-HF, patients with COPD were older, 
more commonly men, and had a history of smoking. 
Patients with COPD were less likely to be treated with a 
beta blocker and had more severe functional limitation 
and impairment of quality of life than participants with-
out COPD. While each of these findings are similar to 
those reported in patients with HFrEF with COPD,19,21–28 
there were also differences. Higher levels of NT-
proBNP have been reported in patients with HFrEF 
with COPD,19,21,24,28,29 compared with patients with 

Table 4.  Clinical Outcomes According to COPD status

Without COPD  
n=4121

With COPD  
n=670 P value

Primary outcome

Event number 1442 460

Event rate per 100 patient-years 12.07 (11.47–12.71) 24.30 (22.18–26.63)

Unadjusted RR 1.0 (ref) 1.78 (1.48–2.13) <0.001

Adjusted RR 1.0 (ref) 1.51 (1.25–1.83) <0.001

Total HFH

Event number 1111 375

Event rate per 100 patient-years 9.30 (8.77–9.87) 19.81 (17.90–21.92)

Unadjusted RR 1.0 (ref) 1.81 (1.48–2.23) <0.001

Adjusted RR 1.0 (ref) 1.54 (1.24–1.90) <0.001

Cardiovascular death

Event number 331 85

Event rate per 100 patient-years 2.77 (2.49–3.08) 4.49 (3.63–5.55)

Unadjusted HR 1.0 (ref) 1.64 (1.29–2.09) <0.001

Adjusted HR 1.0 (ref) 1.42 (1.10–1.82) 0.006

Noncardiovascular death

Event number 214 60

Event rate per 100 patient-years 1.79 (1.57–2.05) 3.17 (2.46–4.08)

Unadjusted HR 1.0 (ref) 1.86 (1.39–2.49) <0.001

Adjusted HR 1.0 (ref) 1.67 (1.23–2.27) 0.001

All-cause death

Event number 545 145

Event rate per 100 patient-years 4.56 (4.19–4.96) 7.65 (6.50–9.01)

Unadjusted HR 1.0 (ref) 1.73 (1.43–2.08) <0.001

Adjusted HR 1.0 (ref) 1.52 (1.25–1.84) <0.001

KCCQ-CSS

Mean change (SE) −1.52 (0.26) −5.49 (0.66)

Difference −3.96 (0.72) <0.001

Proportion with increase in score ≥5 points at 8 mo (%) 29.9 28.4

Unadjusted OR 0.82 (0.67–0.99) 0.04

Adjusted OR 0.95 (0.79–1.15) 0.62

Proportion with decrease in score ≥5 points at 8 mo (%) 29.1 37.6

Unadjusted OR 1.51 (1.27–1.80) <0.001

Adjusted OR 1.38 (1.16–1.65) <0.001

Model adjusted for treatment, age, sex, race, systolic blood pressure, heart rate, body mass index, clinical features of heart failure (left ventricular ejection 
fraction, N-terminal pro-B-type natriuretic peptide [log]), New York Heart Association class, hypertension, chronic kidney disease, diabetes, atrial fibrillation, 
hospitalization for heart failure, myocardial infarction, stroke, and duration of heart failure and stratified by region. COPD indicates chronic obstructive pulmonary 
disease; HFH, heart failure hospitalizations; HR, hazard ratio; KCCQ-CSS, Kansas City Cardiomyopathy Questionnaire Clinical Summary Score; OR, odds ratio; 
and RR, rate ratio.
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HFrEF without COPD. AF was more frequent in patients 
with HFrEF with COPD, compared with those with-
out.19,21,25,28 Although not reported in the HFrEF studies, 
in PARAGON-HF use of oral nitrates was more common 
in patients with COPD than without COPD. The reason 
is not clear but may reflect treatment for angina (given 
the greater prevalence of coronary heart disease and 
lower use of beta blockers in patients with COPD) or in 
the belief that nitrates might be efficacious in heart fail-
ure (given the greater symptom severity and functional 
limitation in patients with COPD). Either way, this is a 
notable finding given the observation in a recent ran-
domized, placebo-controlled trial that isosorbide mono-
nitrate did not improve dyspnea and reduced, rather 
than increased, activity levels in patients with HFpEF.30

Although used less than in patients without COPD, 
75% of patients with COPD were treated with a 
beta blocker. Yet in a recent randomized, placebo-
controlled trial, the BLOCK COPD (Beta-Blockers 
for the Prevention of Acute Exacerbations of Chronic 
Obstructive Pulmonary Disease) trial, metoprolol 

exacerbated dyspnea and increased the risk of severe 
exacerbations in patients with COPD.31 Although the 
patients in BLOCK COPD were at high risk of exacer-
bation, and the risk related to use of beta blockers in 
patients with less COPD is unknown, it may be pru-
dent to use these drugs in patients with HFpEF with 
COPD only where there is no other option. While beta 
blockers are an essential treatment in patients with 
HFrEF, there is no indication in HFpEF per se, and in 
PARAGON-HF only a minority of patients with COPD 
had a firm alternative indication for beta blockade, such 
as prior myocardial infarction (25%). One avenue to po-
tentially improve symptoms and outcomes in patients 
with HFpEF and more severe COPD may be to carefully 
evaluate whether beta blockade is appropriate, with al-
ternative treatment options available for treatment of 
hypertension and ventricular rate control in AF.

Interestingly, although NT-proBNP was not elevated 
in patients with COPD, markers of systemic inflamma-
tion (white blood count, neutrophil count, and neutro-
phil/lymphocyte ratio) were elevated, compared with 

Figure 2.  Clinical outcomes in heart failure with preserved ejection fraction according to COPD status at baseline.
A, Cumulative hazard estimate for the primary composite outcome. B, Cumulative hazard estimate for total hospitalizations for heart 
failure. C, Cumulative probability of cardiovascular death. D, Cumulative probability of all-cause death. COPD indicates chronic 
obstructive pulmonary disease; and HF, heart failure.
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patients without COPD (although we did not measure 
C-reactive protein). COPD may therefore be a comor-
bidity driving the systemic inflammatory state that one 
hypothesis proposes is central to the pathophysiology 
of HFpEF.32

The detailed echocardiographic substudy of 
PARAGON-HF provided unique information in a trial 
about the cardiac abnormalities associated with 
COPD. The only other studies reporting echocardio-
graphic findings in HFpEF patients with COPD were 
too small to detect differences or did not report right 
heart measurements,33–36 and in the TOPCAT trial 
the echocardiography findings described were for a 
group of patients with “pulmonary disease,” including 
both COPD and asthma.37 In our study, left ventricu-
lar volume and left atrial size were identical in patients 
with and without COPD, but those with COPD had in-
creased left ventricular posterior wall thickness, right 
ventricular size, and lower right fractional area change. 
Although the latter findings are consistent with the 
view that hypoxia-induced pulmonary vasoconstriction 
may lead to right ventricular afterload, enlargement, 
and failure, we observed no difference in right ven-
tricular systolic pressure in patients with and without 
COPD.38,39 This may reflect the recognized difficulty in 
estimating right ventricular systolic pressure in patients 
with COPD, and we could estimate this in only 41% 
of COPD patients in PARAGON-HF.40–42 Alternatively, 
right ventricular systolic pressure may not be elevated 
at rest unless HFpEF or COPD is severe, it may be ele-
vated on exertion in patients with less severe disease.

The effects of COPD on the left side of the heart are 
more complex. Right ventricular hypertrophy and dila-
tation may cause a leftward shift of the interventricular 

septum, reducing left ventricular cavity size, compli-
ance, and stroke volume.43 Conversely, severe COPD 
may lead to a reduced pulmonary vein cross-sectional 
area, reduced left ventricular filling and volumes, and a 
reduction in cardiac output.44,45 It has been suggested 
that COPD may lead to left ventricular hypertrophy as 
a result of increased residual volume, negative inspira-
tory pleural pressure increased left ventricular trans-
mural pressure and wall stress, and we found that 
patients with COPD had a thicker left ventricular poste-
rior wall.44,45 Notably, however, left ventricular ejection 
fraction was similar in patients with COPD and those 
without, and there was also a lack of difference in NT-
proBNP between patients with and without COPD. We 
found that right ventricular size was an independent 
predictor of the composite of cardiovascular death and 
heart failure hospitalization, in keeping with other stud-
ies in HFpEF.46–49 However, those prior studies had not 
linked right ventricular enlargement and dysfunction 
to COPD. Moreover, COPD remained an independent 
predictor of worse outcomes even after including indi-
ces of right ventricular size in the multivariable model; 
that is, the excess risk related to COPD was not ex-
plained by right ventricular impairment.

Using the KCCQ, we found patients with COPD to 
have markedly worse symptoms and health-related 
quality of life than participants without COPD. This 
was also reported in the BIOSTAT-CHF (Biology Study 
to Tailored Treatment in Chronic Heart Failure) co-
hort, and these observations are comparable to the 
similarly large differences noted in KCCQ scores be-
tween patients with HFrEF with and without COPD.27 
Additionally, we found the reduction in health-related 
quality of life was greater with COPD than with any 

Figure 3.  Risk of primary outcome and all-cause mortality associated with major comorbidities.
CKD indicates chronic kidney disease; and COPD; chronic obstructive pulmonary disease. Adjusted for treatment, sex, race, and N-
terminal pro-B-type natriuretic peptide (log) and stratified by region.
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other common comorbidity in HFpEF. This suggests 
that it is not just the combination of 2 conditions per 
se that explains the worse health-related quality of life, 
and that the specific nature of COPD that is important, 
that is, the combination of cardiac and respiratory con-
ditions that each cause dyspnea and effort intolerance.

During follow-up, patients with COPD experienced 
higher rates of the primary composite end point and 
key secondary end points, and more had a clinically 
meaningful deterioration (and fewer an improvement) 
in symptoms and quality of life, compared with those 
without COPD. These worse hospitalization and 
mortality outcomes persisted after adjustment for 
other prognostic variables, including other comorbid-
ities such as diabetes and chronic kidney disease. 
Indeed, we found that patients with COPD had risks 
of the primary outcome and all-cause mortality as 
high as those associated with other common comor-
bidities in HFpEF. We think this is underappreciated 
and that COPD may be a neglected comorbidity in 
heart failure, relative to its impact on quality of life and 
hospitalization and mortality outcomes. Our findings 
suggest that both noncardiovascular causes (such 
as infection and smoking-related lung disease and 
cancer), as well as cardiovascular ones, contribute to 
the worse outcomes in patients with COPD. However, 
the small or absent differences in many classical pre-
dictors of cardiovascular risk (NT-proBNP, diabetes, 
systolic blood pressure) between patients with and 
without COPD is interesting. Nevertheless, 4 differ-
ences do stand out—higher prevalence of coronary 
disease, higher troponin, elevated markers of inflam-
mation (eg, neutrophil/lymphocyte ratio) and right 
ventricular dilatation/systolic dysfunction, each of 
which could increase the risk of death (eg, sudden 
death) and hospitalization. COPD was an indepen-
dent predictor of the primary outcome in a multi-
variable model including classical predictors, likely 
indicating additional mechanisms and causes that 
were not measured.

There is currently no evidence-based therapy for the 
treatment of HFpEF, and the management is focused 
on treating fluid overload and comorbidities. Reducing 
the risk of respiratory infections through vaccination 
is another important therapeutic approach recom-
mended in both heart failure50 and COPD guidelines.51 
Although uptake of influenza vaccination was better in 
patients with COPD (45%) than in those without (34%), 
it was still significantly underused in both groups. 
Unfortunately, 14% of patients with COPD continued 
to smoke, emphasizing the need to intensify smok-
ing cessation efforts in these patients. The relatively 
low use of bronchodilators is also of concern. Both 
long-acting beta-2 agonists and long-acting antimus-
carinic antagonists improve lung function, dyspnea, 
and health status and reduce COPD exacerbations. 

Combination long-acting beta-2 agonists/long-acting 
antimuscarinic antagonists amplify these benefits and 
are recommended in most patients with COPD.51 A 
recent study of inhaled beta-adrenergic agonists in 
patients with HFpEF is particularly relevant to con-
comitant COPD, especially if there is associated right 
ventricular dysfunction. In that study, albuterol reduced 
pulmonary vascular resistance and improved echocar-
diographic indices of right ventricular systolic function, 
in keeping with improved right ventricular–pulmonary 
arterial coupling.52

Recently, it has been proposed that targeting en-
zymes that play key roles in systemic and lung in-
flammation, such as the cyclic nucleotide-degrading 
enzymes phosphodiesterases and phosphoinositide-3 
phosphate kinases, might have a specific role in pa-
tients with HFpEF and concomitant COPD, and novel 
approaches of this type are particularly welcome given 
the impact of COPD on quality and quantity of life in 
HFpEF.53

Limitations
Several limitations must be acknowledged, foremost 
being the investigator-derived diagnosis of COPD. No 
prespecified diagnostic criteria were defined in the 
protocol, and had spirometry been carried out in all pa-
tients, the prevalence of COPD would likely have been 
higher. Moreover, patients with severe pulmonary dis-
ease were excluded from PARAGON-HF. Despite this, 
the impact of COPD on health status and outcomes in 
HFpEF was clear and could only have been greater if 
patients with more severe COPD were included.

SUMMARY AND CONCLUSIONS
In summary, in PARAGON-HF, ≈1 in 7  patients with 
HFpEF had concomitant COPD. Patients with COPD 
had worse symptoms, functional limitation, and quality 
of life, compared with those without, and a higher risk 
of heart failure hospitalization and cardiovascular death, 
possibly related to right ventricular enlargement.
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Table S1. Multivariable model for the primary outcome in patients with 

echocardiographic parameters of right ventricular size (n=605). 

 

Model without RV end-

systolic area 

Model with RV end-systolic 

area  

Number of events 

(primary composite 

outcome – CV 

death/total HF hosp) 

308 events/ 

605 participants 

308 events/ 

605 participants 

Characteristic  

Rate ratio (95% 

CI) 

P value 

Rate ratio P value 

COPD 1.65 (1.04-2.63) 0.034 1.63 (1.03-2.56) 0.036 

Treatment 0.71 (0.49-1.02) 0.063 0.70 (0.49-1.01) 0.057 

Age, per 10years 1.34 (1.07-1.68) 0.011 1.38 (1.10-1.73) 0.006 

Female 0.66 (0.43-1.02) 0.063 0.79 (0.49-1.30) 0.36 

Race     

 White 1.00 (Reference)  1.00 (Reference)  

 Asian 0.85 (0.28-2.58) 0.77 0.93 (0.29-2.94) 0.90 

 Black/ African 

American 

1.45 (0.70-2.96) 0.32 1.40 (0.70-2.81) 0.34 

 Other 0.86 (0.32-2.32) 0.77 0.78 (0.30-2.07) 0.62 

Systolic Blood 

Pressure, per 10mmHg 

1.09 (0.97-1.22) 0.15 1.10 (0.98-1.24) 0.10 

Heart Rate, per 

10b.p.m. 

0.98 (0.86-1.12) 0.78 0.98 (0.86-1.12) 0.81 

BMI, per 10kg/m2 1.13 (0.75-1.71) 0.56 1.07 (0.71-1.63) 0.74 
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Left Ventricular 

Ejection Fraction, per 

10% 

0.91 (0.75-1.10) 0.32 0.94 (0.77-1.14) 0.50 

NYHA Class     

II 0.83 (0.39-1.80) 0.64 0.90 (0.43-1.92) 0.79 

III 1.23 (0.55-2.74) 0.61 1.29 (0.59-2.85) 0.52 

Diabetes 1.68 (1.17-2.42) 0.005 1.68 (1.16-2.42) 0.006 

Atrial fibrillation 0.50 (0.32-0.78) 0.002 0.49 (0.31-0.76) 0.001 

Hypertension 0.62 (0.35-1.09) 0.098 0.66 (0.36-1.21) 0.18 

Myocardial infarction 1.10 (0.70-1.73) 0.68 1.15 (0.74-1.78) 0.54 

Chronic Kidney 

Disease 

1.14 (0.74-1.77) 0.56 1.10 (0.71-1.72) 0.67 

Stroke 1.13 (0.67-1.90) 0.64 1.19 (0.71-2.00) 0.52 

Prior heart failure 

hospitalisation 

1.52 (1.07-2.16) 0.021 1.55 (1.09-2.20) 0.016 

Heart failure duration, 

per 10 years 

1.15 (0.83-1.58) 0.40 1.11 (0.80-1.55) 0.52 

Log NT-proBNP 1.92 (1.41-2.62) <0.001 1.90 (1.40-2.59) <0.001 

RV end systolic area, 

per 5cm2 

  

1.28 (1.04-1.58) 0.021 

COPD, chronic obstructive pulmonary disease; BMI, body mass index; NYHA, New York 

Heart Association; NT-proBNP, N-terminal pro hormone B-type natriuretic peptide, mmHg, 

millimetre of mercury; b.p.m., beats per minute; kg/m2 kilograms per metre square. 

*Univariable rate ratio for RV end systolic area, per 5cm2 (95% CI); 1.44 (1.21-170), 

p<0.001
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Table S2. Clinical outcomes according to randomized treatment in patients with and without COPD. 

 Without COPD With COPD P-value 

   Valsartan 

n=2059 

Sac/Val 

n=2063 

Valsartan 

n=327 

Sac/ Val 

n=343 

Primary Outcome 

Event number 

Event rate per 100 pt. yrs  

 

762 

12.77 (11.90-13.71) 

 

 

680  

11.38 (10.55-12.27) 

 

 

246 

26.86 (23.70-30.43) 

 

214 

21.90 (19.16-25.04) 

 

 

 

0.66 

Unadjusted HR 0.88 (0.75-1.04) 0.83 (0.60-1.14)  

Total heart failure 

hospitalizations 

Event number 

Event rate per 100 pt. yrs 

 

 

589 

9.87 (9.10-10.70) 

 

 

 

 

522 

8.73 (8.02-9.52) 

 

 

 

207 

22.60 (19.72-25.90) 

 

 

 

168 

17.20 (14.78-20.00) 

 

 

 

 

0.50 

Unadjusted HR 0.87 (0.73-1.05) 0.77 (0.54-1.10)  
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Cardiovascular death 

Event number 

Event rate per 100 pt. yrs  

 

173 

2.90 (2.50-3.36) 

 

158 

2.64 (2.26-3.09) 

 

39 

4.25 (3.11-5.82) 

 

46 

4.70 (3.52-6.28) 

 

 

 

 

0.43 

Unadjusted HR 0.91 (0.74-1.13) 1.12 (0.73-1.72)  

All-cause death 

Event number 

Event rate per 100 pt. yrs  

 

272 

4.55 (4.04-5.13) 

 

273 

4.56 (4.05-5.14) 

 

76 

8.29 (6.62-10.38) 

 

69 

7.06 (5.57-8.93) 

 

 

0.39 

Unadjusted HR 1.00 (0.85-1.19) 0.86 (0.62-1.20)  

KCCQ CSS  

 

  

Mean Change -2.15 (0.36) -1.17 (0.36) -5.31 (1.08) -4.01 (1.05)  

Difference 0.97 (0.51) 1.30 (1.51) 0.51 

Proportion with increase in 

score ≥5 points at 8 months 

(%) 

28.3 31.5 25.8 31.0 0.33 
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Proportion with decrease in 

score ≥5 points at 8 months 

(%) 

29.3 28.9 36.6 38.5 0.78 

 

KCCQ-CSS; Kansas City Cardiomyopathy Questionnaire Clinical Summary Score. Sac/val; sacubitril/ valsartan 
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