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ORIGINAL RESEARCH

Spironolactone Use and Improved 
Outcomes in Patients With Heart Failure 
With Preserved Ejection Fraction With 
Resistant Hypertension
Tetsuro Tsujimoto , MD, PhD; Hiroshi Kajio, MD, PhD

BACKGROUND: Resistant hypertension is a salt-retaining condition possibly attributable to inappropriate aldosterone secretion.

METHODS AND RESULTS: This study was a secondary analysis of the TOPCAT (Treatment of Preserved Cardiac Function Heart 
Failure With an Aldosterone Antagonist) trial. Patients with heart failure with preserved ejection fraction (HFpEF) with (n=1004) 
and without (n=2437) resistant hypertension were included. Resistant hypertension was defined as systolic blood pressure 
≥130 mm Hg and/or diastolic blood pressure ≥80 mm Hg in a patient with hypertension, despite the concurrent use of a 
renin-angiotensin system blocker (angiotensin-converting enzyme inhibitor/angiotensin receptor blocker), a calcium channel 
blocker, and a diuretic; or as those patients using ≥4 classes of antihypertensive medication. The primary outcome was a 
composite of cardiovascular death, aborted cardiac arrest, or heart failure hospitalization. We analyzed hazard ratios (HRs) 
for outcomes with 95% CIs in the spironolactone group and compared them with the placebo group using Cox proportional 
hazard models. The risk of primary outcome events in patients with HFpEF with resistant hypertension was significantly lower 
in the spironolactone group than in the placebo group (HR, 0.70; 95% CI, 0.53–0.91; P=0.009), whereas the risk of primary 
outcome events in patients with HFpEF without resistant hypertension was not significantly different between the 2 groups 
(HR, 1.00; 95% CI, 0.83–1.20; P=0.97). There was a significant interaction between spironolactone use and resistant hyper-
tension (P=0.03). Similar associations were also observed in patients with HFpEF from the Americas (United States, Canada, 
Brazil, and Argentina) only.

CONCLUSIONS: Spironolactone may be an effective add-on medication for patients with HFpEF with resistant hypertension tak-
ing angiotensin-converting enzyme inhibitors/angiotensin receptor blockers, calcium channel blockers, and diuretics.
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The prevalence of heart failure with preserved 
ejection fraction (HFpEF) is increasing; however, 
mortality in these patients remains unchanged.1 

Clinical trials involving patients with HFpEF have not 
produced favorable results, and guidelines for patients 
with HFpEF do not suggest specific medications.2–4

Hypertension is highly prevalent in patients with 
HFpEF.5,6 The SPRINT (Systolic Blood Pressure 
Intervention Trial) study revealed that intensive blood 

pressure treatment was associated with a decreased 
risk of cardiovascular events, particularly heart failure 
in high-risk patients. However, patients with resistant 
hypertension are commonly encountered,7 and blood 
pressure management in these patients is difficult. The 
PATHWAY-2 (Prevention and Treatment of Hypertension 
With Algorithm-Based Therapy 2) trial reported that 
spironolactone was the most effective add-on medica-
tion for the treatment of resistant hypertension defined 
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as above-goal elevated blood pressure, despite con-
current use of an angiotensin-converting enzyme in-
hibitor (ACEI) or an angiotensin receptor blocker (ARB), 
a calcium-channel blocker (CCB), and a diuretic.8 The 
PATHWAY-2 study also revealed that resistant hyper-
tension is a salt-retaining condition, most likely attrib-
utable to inappropriate aldosterone secretion.9 Based 

on these clinical findings and the pathophysiology of 
resistant hypertension, spironolactone use in patients 
with HFpEF with resistant hypertension, in addition 
to lowering blood pressure, may reduce the risk of 
volume overload, resulting in a reduced risk of heart 
failure and cardiovascular events. This study aims to 
assess whether spironolactone use leads to improved 
cardiovascular outcomes in patients with HFpEF with 
resistant hypertension.

METHODS
The anonymized data from the TOPCAT (Treatment 
of Preserved Cardiac Function Heart Failure With an 
Aldosterone Antagonist) study have been made pub-
licly available at the National Heart, Lung, and Blood 
Institute and can be accessed.10

Study Design and Patients
We assessed the effects of spironolactone in patients 
with HFpEF with resistant hypertension using data 
from the TOPCAT study.11 A detailed description of the 
study protocol, design, and patient characteristics has 
been reported previously.6,11,12 Briefly, TOPCAT was an 
international, multicenter, randomized, double-blind, 
placebo-controlled trial. From August 10, 2006, to 
January 31, 2012, a total of 3445 patients were enrolled 
at 233 sites in 6 countries (the United States [n=1151], 
Russia [n=1066], Georgia [n=612], Canada [n=326], 
Brazil [n=167], and Argentina [n=123]). Participants 
were randomly assigned to receive spironolactone 
(n=1722) or placebo (n=1723). Patients aged ≥50 years 
were included if they had at least 1 symptom and 1 
sign of heart failure from a prespecified list: a left ven-
tricular ejection fraction ≥45% measured at the local 
site by echocardiography or radionuclide ventricu-
lography, controlled systolic blood pressure (defined 
as <140 mm Hg, or ≤160 mm Hg if the patient were 
taking ≥3 antihypertensive medications), and a serum 
potassium level <5.0 mmol/L. Eligible patients had a 
history of heart failure hospitalization in the previous 
12 months, or an elevated natriuretic peptide level in 
the 2  months before randomization (N-terminal pro-
B-type natriuretic peptide level ≥360  pg/mL or brain 
natriuretic peptide level ≥100  pg/mL). Patients were 
excluded if they had known infiltrative or hypertrophic 
obstructive cardiomyopathy or known pericardial con-
striction; severe renal dysfunction (defined as an esti-
mated glomerular filtration rate <30 mL/min or serum 
creatinine level ≥2.5  mg/dL); known chronic hepatic 
disease (defined as aspartate aminotransferase and 
alanine aminotransferase levels >3.0 times the upper 
limit of the normal range); severe pulmonary disease, 
such as chronic pulmonary disease requiring home 
oxygen; severe systemic illness with life expectancy 

CLINICAL PERSPECTIVE

What Is New?
• A recent study revealed that resistant hy-

pertension is a salt-retaining condition, most 
likely attributable to inappropriate aldosterone 
secretion.

• Based on the pathophysiology of resistant hy-
pertension, spironolactone use in patients with 
heart failure with preserved ejection fraction 
(HFpEF) with resistant hypertension, in addition 
to lowering blood pressure, may reduce the risk 
of volume overload, resulting in a reduced risk 
of heart failure and cardiovascular events.

• The present study demonstrated that spironol-
actone use led to a decreased risk of compos-
ite cardiovascular events, all-cause mortality, 
and heart failure hospitalization in patients with 
HFpEF with resistant hypertension, but this 
trend was not observed in those without resist-
ant hypertension.

What Are the Clinical Implications?
• Previous clinical trials involving patients with 

HFpEF have not produced favorable results, 
and guidelines for patients with HFpEF do not 
suggest specific medications.

• Spironolactone use may be an effective add-
on medication for patients with HFpEF with 
resistant hypertension who are already taking 
angiotensin-converting enzyme inhibitors/an-
giotensin receptor blockers, calcium-channel 
blockers, and diuretics.

Nonstandard Abbreviations and Acronyms

HFpEF heart failure with preserved 
ejection fraction

PATHWAY-2 Prevention and Treatment of 
Hypertension With Algorithm-
Based Therapy 2

SPRINT Systolic Blood Pressure 
Intervention Trial

TOPCAT Treatment of Preserved Cardiac 
Function Heart Failure With an 
Aldosterone Antagonist



J Am Heart Assoc. 2020;9:e018827. DOI: 10.1161/JAHA.120.018827 3

Tsujimoto and Kajio Spironolactone in HFpEF With Resistant Hypertension

judged to be <3  years; or had undergone a heart 
transplant.6 The TOPCAT study previously reported 
that spironolactone use did not significantly reduce the 
incidence of the primary composite outcome of car-
diovascular death, aborted cardiac arrest, or heart fail-
ure hospitalization.11 In our current study, we excluded 
patients with missing information regarding resistant 
hypertension (n=4), which resulted in the final sample 
size of 3441 patients. This study was approved by the 
Institutional Review Board of the National Center for 
Global Health and Medicine, while our use of TOPCAT 
data was approved by the National Heart, Lung, and 
Blood Institute. This study did not require informed 
consent of study participants.

Definition of Resistant Hypertension and 
Outcome Measurements
The definition of resistant hypertension was recently 
updated in the 2018 American Heart Association 
Scientific Statement,13 which highlighted the signifi-
cance of the use of 3 antihypertensive medications; an 
ACEI/ARB, a CCB, and a diuretic. On the basis of the 
recent blood pressure target and definitions of resistant 
hypertension in the 2018 American Heart Association 
Scientific Statement and the PATHWAY-2 trial, we de-
fined resistant hypertension as systolic blood pressure 
≥130 mm Hg or diastolic blood pressure ≥80 mm Hg 
in a hypertensive patient despite the concurrent use of 
3 recommended antihypertensive medication classes, 
which had to be an ACEI/ARB, a CCB, and a diu-
retic.8,13–16 Patients with resistant hypertension also in-
cluded patients with hypertension using ≥4 classes of 
antihypertensive medication.13

The primary outcome was a composite of cardio-
vascular death, aborted cardiac arrest, or hospital-
ization for heart failure; as was the main outcome of 
the TOPCAT study.11 The secondary outcome was 
all-cause death, hospitalization for heart failure, major 
cardiovascular events, fatal or nonfatal myocardial in-
farction, or fatal or nonfatal stroke. Major cardiovas-
cular events were defined as cardiovascular death, 
nonfatal myocardial infarction, or nonfatal stroke. 
Cardiovascular and noncardiovascular mortality was 
also assessed. According to prespecified criteria, all 
events were adjudicated by a clinical end-point com-
mittee at Brigham and Women’s Hospital.12 Patients 
were evaluated every 4 months during their first year in 
the study and every 6 months thereafter. More detailed 
information about outcome evaluation has previously 
been reported.11

Statistical Analysis
Demographic data are presented as proportions (per-
centages) or means with SDs. In the TOPCAT study 
data, all patients >90 years of age were rounded down 

to 90  years old, with age presented as the median 
and interquartile range. Categorical variables were 
compared using chi-squared tests, and continu-
ous variables were compared using t tests. Patients 
were divided into 2 groups: those with and without 
resistant hypertension. Using the randomized design 
of the TOPCAT study, we used the Cox proportional 
hazards model to analyze the hazard ratios (HRs) for 
primary and secondary outcomes with 95% CIs, in 
the spironolactone group compared with the placebo 
group, separately in patients with and without resist-
ant hypertension. In a previous post hoc analysis, large 
differences in baseline characteristics and outcomes 
between patients from the Americas (United States, 
Canada, Brazil, and Argentina) and Russia/Georgia 
were identified.17 Many patients from Russia/Georgia 
did not have clear evidence of HFpEF. Furthermore, 
it has been shown that many patients from this area 
did not take their study drug. Therefore, we verified 
all primary and secondary outcomes in patients from 
the Americas only. Kaplan–Meier survival curves were 
constructed for primary and secondary outcomes in 
the spironolactone group and placebo group, respec-
tively. Additional analyses for primary and secondary 
outcomes were performed using the traditional defini-
tion of resistant hypertension (defined as systolic blood 
pressure ≥140  mm  Hg or diastolic blood pressure 
≥90 mm Hg in a hypertensive patient despite the con-
current use of an ACEI/ARB, a CCB, and a diuretic or 
as hypertension with ≥4 antihypertensive medication 
classes) considering the management of blood pres-
sure at that time.8,18,19 Furthermore, additional analyses 
for primary and secondary outcomes were performed 
in patients with uncontrolled blood pressure despite 
the concurrent use of 3 recommended classes of an-
tihypertensive medication (defined as systolic blood 
pressure ≥130  mm  Hg or diastolic blood pressure 
≥80 mm Hg despite the concurrent use of an ACEI/
ARB, a CCB, and a diuretic).

The association between spironolactone use and 
primary outcome in patients with or without resistant 
hypertension was analyzed according to the follow-
ing subgroups: age (<70 or ≥70 years); sex (male or 
female); New York Heart Association classification 
(I/II or III/IV); obesity (nonobese or obese); diabetes 
mellitus (no diabetes mellitus or diabetes mellitus); 
chronic kidney disease (estimated glomerular filtra-
tion rate <60 mL/min per 1.73 m2 or estimated glo-
merular filtration rate ≥60 mL/min per 1.73 m2); and 
cardiovascular disease (no history of cardiovascular 
disease or prior history of cardiovascular disease). 
Cardiovascular disease was defined as myocardial 
infarction, angina pectoris, treatment of percutane-
ous coronary intervention, coronary artery bypass 
graft surgery, stroke, or peripheral artery disease. 
In addition, we tested for interactions between the 
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spironolactone use and these subgroups. Based on 
previous studies regarding the safety of spironolac-
tone use,11,20 the association between spironolactone 
use and clinically important adverse events such as 
hyperkalemia, breast tenderness/gynecomastia, and 
anaphylactoid reaction/intolerance were also as-
sessed in patients with HFpEF with or without resis-
tant hypertension.

All statistical analyses were conducted using Stata 
software (version 14.1, StataCorp, College Station, TX). 
P<0.05 was considered statistically significant for all 
tests.

RESULTS
Patient Characteristics and Blood 
Pressure Changes
In the present study, a total of 3146 (91.4%) patients 
with HFpEF had hypertension. Among those with hy-
pertension, 1004 (31.9%) patients with HFpEF had 
resistant hypertension. Mean (±SD) systolic and di-
astolic blood pressure levels in patients with HFpEF 
with resistant hypertension were 134.2 (13.3) and 76.4 
(11.2) mm Hg, respectively, while those in patients with 
HFpEF without resistant hypertension were 127.2 (13.7) 
and 75.5 (10.4) mm Hg, respectively. Table 1 displays 
the baseline characteristics of patients with HFpEF 
with and without resistant hypertension. In patients 
with HFpEF with resistant hypertension, the median 
age (interquartile range) of patients was 69 (61–76) 
years, and 51.9% were female. No significant differ-
ence was observed in in the baseline characteristics, 
including blood pressure level, between the spirono-
lactone and placebo groups of patients with HFpEF 
with resistant hypertension. Similarly, the baseline 
characteristics of those without resistant hypertension 
did not significantly differ between the 2 groups.

Figure  S1 shows the systolic and diastolic blood 
pressure changes in patients with HFpEF with and 
without resistant hypertension. In patients with HFpEF 
with resistant hypertension, the mean systolic and dia-
stolic blood pressure levels at 12 months after random-
ization were significantly lower in the spironolactone 
group compared with those in the placebo group (sys-
tolic blood pressure, 129.3 [15.1] versus 133.4 [16.9] 
mm  Hg; P<0.001 and diastolic blood pressure: 73.8 
[10.7] versus 76.1 [11.1] mm Hg; P=0.001 [Figure S1A 
and S1C]). Similarly, in patients with HFpEF without re-
sistant hypertension, the mean systolic and diastolic 
blood pressure levels at 12  months after random-
ization were significantly lower in the spironolactone 
group (systolic blood pressure, 125.6 [15.8] versus 
127.8 [15.4] mm Hg; P=0.001; and diastolic blood pres-
sure, 74.0 [10.3] versus 75.5 [10.1] mm  Hg; P<0.001 
[Figure S1B and S1D]). The mean difference in systolic 

blood pressure between baseline and 12 months after 
using spironolactone was significantly larger in patients 
with HFpEF with resistant hypertension compared 
with those without resistant hypertension (−4.4 versus 
−1.8 mm Hg; P=0.006).

Primary and Secondary Outcomes in 
Patients With HFpEF With or Without 
Resistant Hypertension
In patients with HFpEF with or without resistant hyperten-
sion, the mean (SD) follow-up periods were 3.1 (1.7) and 
3.2 (1.7) years, respectively, and 210 and 461 patients 
had at least 1 confirmed primary outcome event, re-
spectively. Kaplan–Meier survival curves and cumulative 
event rates for primary outcome events in patients with 
HFpEF with or without resistant hypertension are shown 
in Figure  1 and Table  2, respectively. In patients with 
HFpEF with resistant hypertension, primary outcome 
event rates (number of events per 1000 person-years) in 
the spironolactone and placebo groups were 81.7 and 
56.0, respectively. The risk of primary outcome events 
in patients with HFpEF with resistant hypertension was 
significantly lower in the spironolactone group than in the 
placebo group (HR, 0.70; 95% CI, 0.53–0.91; P=0.009 
[Figure 1A]), whereas the risk of primary outcome events 
in patients with HFpEF without resistant hypertension 
was not significantly different between the 2 groups (HR, 
1.00; 95% CI, 0.83–1.20; P=0.97 [Figure 1B]). There was 
a significant interaction between spironolactone use and 
resistant hypertension (P=0.03). Kaplan–Meier survival 
curves for all-cause death and hospitalization for heart 
failure are shown in Figure 2. The risk of all-cause death 
and hospitalization for heart failure in patients with HFpEF 
with resistant hypertension were significantly lower in the 
spironolactone group than in the placebo group (HR 
for all-cause death, 0.64; 95% CI, 0.44–0.91; P=0.01 
[Figure 2A]; and HR for heart failure hospitalization, 0.69; 
95% CI, 0.51–0.94; P=0.01 [Figure  2B], respectively), 
whereas those risks in patients with HFpEF without resist-
ant hypertension did not significantly differ between the 2 
groups (HR for all-cause death, 1.05; 95% CI, 0.86–1.27; 
P=0.63 [Figure 2C]; and HR for heart failure hospitaliza-
tion, 0.91; 95% CI, 0.72–1.15; P=0.41 [Figure 2D], respec-
tively). The risk of other outcome events in patients with or 
without resistant hypertension was not significantly differ-
ent between the 2 groups (Table 2).

Kaplan–Meier survival curves for primary outcome 
events, all-cause death, and hospitalization for heart 
failure in patients with HFpEF with or without traditional 
resistant hypertension, are shown in Figures S2 and S3. 
The risk of primary outcome events, all-cause death, and 
hospitalization for heart failure in patients with HFpEF 
with traditional resistant hypertension were significantly 
lower in the spironolactone group than in the placebo 
group (HR for primary outcome events, 0.66; 95% CI, 
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Table 1. Baseline Characteristics of Patients With HFpEF With or Without Resistant Hypertension*

Resistant Hypertension (+) Resistant Hypertension (−)

Placebo Spironolactone

P Value

Placebo Spironolactone

P Valuen=499 n=505 n=1221 n=1216

Age, y

Median (interquartile range) 69 (61–75) 69 (61–76) 0.43 69 (61–76) 69 (61–76) 0.68

Female sex, % 50.9 52.9 0.53 51.8 51.1 0.73

Race and ethnicity, % 0.56 0.54

White 83.3 84.7 91.2 89.9

Black 14.1 12.1 6.5 7.5

Asian 0.4 1.0 0.6 0.4

Others 2.2 2.2 1.7 2.2

Region of enrollment, % 0.71 0.91

United States 38.3 34.5 31.7 32.7

Russia 24.1 26.1 34.1 32.6

Georgia 19.0 20.4 17.2 16.8

Canada 11.2 12.9 8.5 8.3

Brazil 5.6 4.8 4.3 5.0

Argentina 1.8 1.4 4.2 4.6

Current smoking, % 9.6 8.1 0.40 11.2 11.1 0.97

Alcohol drinks/wk, % 0.32 0.71

0 78.9 79.8 76.6 78.2

1–5 16.1 17.2 17.8 16.1

6–10 3.4 2.4 3.9 4.1

11– 1.6 0.6 1.7 1.6

NYHA functional classification, % 0.97 0.59

I/II 64.9 65.0 68.3 67.3

III/IV 35.1 35.0 31.7 32.7

Body mass index†, kg/m2, % 0.98 0.42

<18.5 0.2 0.2 0.7 0.4

18.5–24.9 10.1 9.3 12.6 14.4

25.0–29.9 25.9 26.2 35.1 33.1

≥30.0 63.8 64.2 51.6 52.1

Diabetes mellitus, % 40.7 42.8 0.50 28.7 28.7 0.99

Hypertension, % 100 100 … 88.5 87.3 0.36

Dyslipidemia, % 69.5 70.3 0.79 68.0 65.1 0.12

History of cardiovascular events, %

Myocardial infarction 26.3 24.8 0.58 26.1 26.2 0.92

Angina pectoris 50.9 47.5 0.28 47.2 44.7 0.20

Stroke 9.4 9.7 0.87 7.4 6.5 0.39

Peripheral arterial disease 11.2 10.7 0.78 7.7 9.5 0.12

Atrial fibrillation 28.1 33.5 0.06 38.0 36.3 0.39

Percutaneous coronary intervention 14.6 15.5 0.71 14.7 14.0 0.62

CABG surgery 13.6 12.9 0.72 12.8 12.7 0.92

Implanted cardioverter defibrillator 1.0 0.6 0.46 1.2 1.7 0.30

Pacemaker 6.8 5.4 0.33 8.0 9.1 0.29

COPD, % 14.8 13.5 0.53 9.8 11.5 0.18

Asthma, % 8.4 7.3 0.52 6.0 5.8 0.88

 (Continued)
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0.50–0.88; P=0.004 [Figure  S2A]; HR for all-cause 
death, 0.56; 95% CI, 0.38–0.82; P=0.002 [Figure S3A]; 
and HR for heart failure hospitalization, 0.71; 95% CI, 
0.38–0.82; P=0.002 [Figure S3B], respectively), whereas 
those risks were not significantly different between the 
2 groups (HR for primary outcome events, 1.01; 95% 
CI, 0.84–1.21; P=0.90 [Figure  S2B], HR for all-cause 
death, 1.07; 95% CI, 0.88–1.30; P=0.47 [Figure  S3C]; 
and HR for heart failure hospitalization, 0.89; 95% 
CI, 0.71–1.13; P=0.34 [Figure  S3D], respectively). In 
addition, the risk of cardiovascular death and major 
cardiovascular events in patients with HFpEF with 
traditional resistant hypertension were significantly lower 
in the spironolactone group compared with the placebo 
group (HR for cardiovascular death, 0.53; 95% CI, 0.32–
0.87; P=0.01; and HR for major cardiovascular events, 
0.68; 95% CI, 0.47–0.99; P=0.04), whereas those risks 
in patients with HFpEF without traditional resistant 
hypertension were not significantly different between the 
2 groups (Table S1).

Table S2 shows the HRs for primary and second-
ary outcomes in patients with HFpEF with uncontrolled 
blood pressure, despite the concurrent use of an 
ACEI/ARB, a CCB, and a diuretic. Similar to the results 
of patients with HFpEF with resistant hypertension, 
the risk of primary outcome events and hospitalization 
for heart failure was significantly lower in the spirono-
lactone group compared with the placebo group (HR 
for primary outcome events, 0.68; 95% CI, 0.47–0.98; 
P=0.04; and HR for heart failure hospitalization, 0.62; 
95% CI, 0.41–0.94; P=0.02, respectively).

Primary and Secondary Outcomes in 
Patients With HFpEF From the Americas

In patients with HFpEF from the Americas, Kaplan–
Meier survival curves and cumulative event rates 
for primary and secondary outcomes are shown 
in Figures S4 and S5 and Table S3. In patients with 
resistant hypertension, the primary outcome event 
rates (number of events per 1000 person-years) in 
the spironolactone and placebo groups were 102.4 
and 156.0, respectively. The risk of primary outcome 
events in patients with HFpEF with resistant hyperten-
sion was significantly lower in the spironolactone group 
than in the placebo group (HR, 0.66; 95% CI, 0.48–
0.89; P=0.006 [Figure S4A]), whereas the risk of pri-
mary outcome events in patients with HFpEF without 
resistant hypertension was not significantly different 
between the 2 groups (HR, 0.92; 95% CI, 0.74–1.13; 
P=0.50 [Figure  S4B]). Kaplan–Meier survival curves 
for all-cause death and hospitalization for heart failure 
in patients with HFpEF from the Americas are shown 
in Figure S5. The risks of all-cause death and hospi-
talization for heart failure in patients with HFpEF with 
resistant hypertension were significantly lower in the 
spironolactone group than in the placebo group (HR 
for all-cause death, 0.53; 95% CI, 0.35–0.80; P=0.002 
[Figure S5A]; and HR for heart failure hospitalization, 
0.72; 95% CI, 0.51–0.98; P=0.04 [Figure S5B], respec-
tively), whereas the risks in patients with HFpEF with-
out resistant hypertension did not significantly differ 
between the 2 groups (HR for all-cause death, 1.00; 

Resistant Hypertension (+) Resistant Hypertension (−)

Placebo Spironolactone

P Value

Placebo Spironolactone

P Valuen=499 n=505 n=1221 n=1216

Medications, %

ACEIs/ARBs 98.0 97.8 0.84 78.5 78.8 0.88

Calcium-channel blockers 87.0 84.6 0.27 19.3 16.3 0.06

Diuretics 99.0 98.6 0.57 75.5 74.2 0.44

Beta blockers 77.4 76.0 0.62 77.3 79.1 0.28

Other antihypertensive medications 32.7 36.4 0.20 4.8 5.4 0.50

Aspirin 72.6 67.7 0.09 62.7 64.1 0.47

Statin 54.1 57.4 0.37 51.2 51.0 0.92

Estimated GFR, mL/min per 1.73 m2 66.0 (19.2) 66.0 (20.1) 0.99 68.2 (20.6) 68.5 (20.1) 0.64

Blood pressure

Systolic blood pressure, mm Hg 135.0 (13.9) 133.4 (12.6) 0.06 127.1 (13.7) 127.2 (13.8) 0.93

Diastolic blood pressure, mm Hg 76.4 (11.7) 76.3 (10.8) 0.87 75.5 (10.5) 75.6 (10.3) 0.75

<130/80 mm Hg, % 19.5 19.8 0.89 33.6 34.1 0.80

Heart rate (beats per minute) 68.3 (10.3) 67.5 (11.0) 0.23 69.5 (10.1) 69.5 (10.7) 0.96

ACEIs indicates angiotensin-converting enzyme inhibitors; ARBs, angiotensin receptor blockers; CABG, coronary artery bypass graft; COPD, chronic 
obstructive pulmonary disease; GFR, glomerular filtration rate; HFpEF, heart failure with preserved ejection fraction; and NYHA, New York Heart Association.

*Data are presented as number of participants, percent, or mean (standard deviation).
†Body mass index was calculated as weight in kilograms divided by the square of height in meters.

Table 1. Continued
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95% CI, 0.79–1.26; P=0.96 [Figure S5C]; and HR for 
heart failure hospitalization, 0.88; 95% CI, 0.68–1.13; 
P=0.30 [Figure  S5D], respectively). Furthermore, the 
risks of cardiovascular death and major cardiovascu-
lar events in patients from the Americas with resistant 

hypertension were significantly lower in the spironolac-
tone group than in the placebo group (Table S3). The 
risk of other outcome events in patients with or without 
resistant hypertension was not significantly different 
between the 2 groups.

Figure 1. Kaplan–Meier survival curves for primary outcome in patients with HFpEF with or 
without resistant hypertension.
Rates of freedom from primary outcome events in patients with HFpEF with (A) and without (B) resistant 
hypertension. The primary outcome was a composite of cardiovascular death, aborted cardiac arrest, or 
hospitalization for heart failure. HFpEF indicates heart failure with preserved ejection fraction.
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Association Between Spironolactone Use 
and Primary Outcome Events in Various 
Subgroups With or Without Resistant 
Hypertension
Further analyses were performed to assess the HRs 
for primary outcome events in the spironolactone 
group compared with the placebo group in various 

subgroups, with or without resistant hypertension 
(Figure  3). The analyses showed that spironolactone 
use also tended to be better in each subgroup with 
resistant hypertension. There were no significant inter-
actions between the use of spironolactone and age, 
sex, New York Heart Association classification, obe-
sity, diabetes mellitus, chronic kidney disease, or his-
tory of cardiovascular disease. In addition, there were 

Table 2. Primary and Secondary Outcomes in Patients With HFpEF With or Without Resistant Hypertension*

Resistant Hypertension (+) Resistant Hypertension (−)

Placebo Spironolactone

P Value

Placebo Spironolactone

P Valuen=499 n=505 n=1221 n=1216

Event

Primary outcome events†

No. of patients 120 90 231 230

Event rate (per 1000 person-years) 81.7 56.0 59.9 59.8

HR (95% CI) 1.00 (ref) 0.70 (0.53–0.91)‡ 0.009‡ 1.00 (ref) 1.00 (0.83–1.20) 0.97

All-cause death

No. of patients 74 49 199 207

Event rate (per 1000 person-years) 44.4 28.2 48.4 50.7

HR (95% CI) 1.00 (ref) 0.64 (0.44–0.91)‡ 0.01‡ 1.00 (ref) 1.05 (0.86–1.27) 0.63

Cardiovascular death

No. of patients 44 31 132 129

Event rate (per 1000 person-year) 26.4 17.9 32.1 31.6

HR (95% CI) 1.00 (ref) 0.68 (0.43–1.07) 0.09 1.00 (ref) 0.99 (0.77–1.26) 0.90

Noncardiovascular death

No. of patients 30 18 67 78

Event rate (per 1000 person-years) 18.0 10.4 16.3 19.1

HR (95% CI) 1.00 (ref) 0.58 (0.32–1.03) 0.06 1.00 (ref) 1.17 (0.84–1.62) 0.34

Hospitalization for heart failure

No. of patients 97 72 148 134

Event rate (per 1000 person-years) 65.8 44.8 38.3 34.9

HR (95% CI) 1.00 (ref) 0.69 (0.51–0.94)‡ 0.01‡ 1.00 (ref) 0.91 (0.72–1.15) 0.41

Major cardiovascular events§

No. of patients 70 58 194 183

Event rate (per 1000 person-years) 43.6 34.4 48.8 45.9

HR (95% CI) 1.00 (ref) 0.79 (0.56–1.12) 0.19 1.00 (ref) 0.94 (0.77–1.15) 0.56

Myocardial infarction

No. of patients 19 20 45 45

Event rate (per 1000 person-years) 11.7 11.8 11.2 11.3

HR (95% CI) 1.00 (ref) 1.01 (0.54–1.09) 0.96 1.00 (ref) 1.00 (0.66–1.52) 0.98

Stroke

No. of patients 14 17 46 40

Event rate (per 1000 person-years) 8.6 10.0 11.4 9.9

HR (95% CI) 1.00 (ref) 1.18 (0.58–2.39) 0.64 1.00 (ref) 0.87 (0.57–1.33) 0.52

HFpEF indicates heart failure with preserved ejection fraction; and HR, hazard ratio.
*Data are presented as number or HR (95% CI).
†The primary outcome was a composite of cardiovascular death, aborted cardiac arrest, nonfatal myocardial infarction, nonfatal stroke, or hospitalization for 

the management of heart failure.
‡Denotes significance.
§Major cardiovascular events included cardiovascular death, nonfatal myocardial infarction, and nonfatal stroke.
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no significant interactions between the use of spirono-
lactone and these subgroups in patients with HFpEF 
without resistant hypertension.

Spironolactone Use and Study 
Discontinuation in Patients With HFpEF 
With or Without Resistant Hypertension
In patients with HFpEF with resistant hypertension, 
the risk of serum potassium ≥5.5 mmol/L on the low-
est spironolactone dose and serious hyperkalemia 
were significantly higher in the spironolactone group 
than in the placebo group (HR for serum potassium 
≥5.5 mmol/L, 9.97; 95% CI, 3.57–27.88; P<0.001; and 
HR for serious hyperkalemia, 8.66; 95% CI, 2.00–
37.50; P=0.003, respectively) (Table  S4). The risk of 
breast tenderness or enlargement was also signifi-
cantly higher in the spironolactone group than in the 
placebo group (HR, 9.15; 95% CI, 1.16–72.23; P<0.03). 
The risk of anaphylactoid reaction or intolerance did 

not significantly differ between the 2 groups. Similar 
associations were observed in patients with HFpEF 
without resistant hypertension.

DISCUSSION
The present study revealed that spironolactone use in 
patients with HFpEF with resistant hypertension was 
associated with a decreased risk of composite cardio-
vascular events, whereas spironolactone use in those 
without resistant hypertension did not decrease the 
composite cardiovascular events. There was a sig-
nificant interaction between spironolactone use and 
resistant hypertension in patients with HFpEF. In ad-
dition, spironolactone use in patients with HFpEF with 
resistant hypertension led to a decreased risk of all-
cause death and hospitalization for heart failure. These 
findings were confirmed in patients with HFpEF from 
the Americas. This was an essential fact to support 

Figure 2. Kaplan–Meier survival curves for all-cause death and heart failure hospitalization in patients with HFpEF with or 
without resistant hypertension.
Rates of freedom from all-cause death (A and C) and hospitalization for heart failure (B and D). HF indicates heart failure; and HFpEF, 
heart failure with preserved ejection fraction.
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Figure 3. Primary outcome according to several subgroups with or without resistant hypertension.
Hazard ratios for primary outcome in patients with HFpEF, with (A) and without (B) resistant hypertension. 
CVD was defined as myocardial infarction, angina pectoris, percutaneous coronary intervention, coronary 
artery bypass graft surgery, stroke, or peripheral artery disease. CKD indicates chronic kidney disease; 
CVD, cardiovascular disease; DM, diabetes mellitus; HFpEF, heart failure with preserved ejection fraction; 
and NYHA, New York Heart Association.
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the results of the present study. Beneficial effects of 
spironolactone use were also observed in patients 
with HFpEF with traditional resistant hypertension or 
in those with uncontrolled blood pressure, despite the 
concurrent use of an ACEI/ARB, a CCB, and a diuretic. 
Similar associations between spironolactone use and 
a decreased risk of composite cardiovascular events 
were observed in the various subgroups with resistant 
hypertension. Although spironolactone use reduced 
blood pressure in patients both with and without resist-
ant hypertension, a larger reduction of blood pressure 
was observed in patients with HFpEF with resistant 
hypertension.

Worldwide, the prevalence of hypertension is in-
creasing, and patients with HFpEF are frequently com-
plicated by hypertension. However, a large proportion 
of patients with hypertension fail to achieve their tar-
get blood pressure levels.7 Resistant hypertension is 
a common clinical problem faced by many clinicians. 
In our current study, most of the patients with HFpEF 
had hypertension, with a high proportion of resistant 
hypertension. A secondary analysis of the SPRINT 
study suggested that intensive blood pressure treat-
ment resulted in a decreased incidence of cardiovas-
cular events and death even in patients with resistant 
hypertension,21 although a low number of patients 
with resistant hypertension achieved their target 
blood pressure levels. A previous study, using part of 
the TOPCAT study data, reported similar benefits of 
spironolactone use in patients with HFpEF both with 
and without resistant hypertension (defined as systolic 
blood pressure between 140 and 160 mm Hg on ≥3 
antihypertensive medications)22 However, the present 
study showed that the beneficial effects of spirono-
lactone were mainly observed in patients with HEpEF 
with resistant hypertension. The differences observed 
between our current study and the previous study may 
be attributable to using different definitions of resistant 
hypertension. In this study, we used the recent defini-
tion of resistant hypertension in the PATHWAY-2 trial as 
a reference and focused on inappropriate aldosterone 
secretion.8,13–16 Taking the salt-retaining condition as-
sociated with inappropriate aldosterone secretion into 
consideration,8,9 spironolactone use may be effective 
in reducing the risk of volume overload as well as low-
ering the blood pressure of patients with HFpEF with 
resistant hypertension who are taking an ACEI/ARB, 
a CCB, and a diuretic. Fluid management is very im-
portant in both HFpEF and resistant hypertension. In 
fact, this study demonstrated that spironolactone use 
in patients with HFpEF with resistant hypertension, but 
not in those without resistant hypertension, led to a 
significant decrease in all-cause mortality and heart 
failure hospitalization. Thus, spironolactone use may 
be beneficial for patients with HFpEF with resistant 
hypertension, particularly in those with inappropriate 

aldosterone secretion. Further studies are necessary 
to investigate the association between spironolactone 
use and cardiovascular outcomes in patients with 
HFpEF. In our current study, we found that spirono-
lactone use was associated with an increased risk of 
hyperkalemia and breast tenderness/enlargement. 
Spironolactone use requires closer laboratory moni-
toring and careful follow-up of patients.23 In addition, 
resistant hypertension can be caused by various fac-
tors including obstructive sleep apnea, several classes 
of pharmacologic agents such as nonsteroidal an-
ti-inflammatory agents, endocrine disorders such as 
primary aldosteronism, or a genetic predisposition.13 
Therefore, the cause of resistant hypertension should 
be carefully assessed before spironolactone is used.

This study, however, has several limitations. First, 
it was a secondary analysis of the TOPCAT study. 
Therefore, a randomized controlled trial would be re-
quired to confirm the results of this study, to evaluate if 
the use of spironolactone is beneficial and safe in patients 
with HFpEF with resistant hypertension. Second, the 
TOPCAT study included patients with HFpEF with con-
trolled blood pressure. Thus, it remains unclear whether 
similar results would be observed in patients with HFpEF 
with uncontrolled high blood pressure. Third, we could 
not clarify the doses of antihypertensive medications 
such as ACEIs, ARBs, CCBs, and diuretics. In addition, 
this study did not include information regarding other 
antihypertensive medication classes other than ACEIs, 
ARBs, CCBs, diuretics, and beta blockers. Further in-
vestigation is needed to verify our findings using data 
with more detailed information, including the doses and 
classes of antihypertensive medications taken.

In conclusion, the results of our study demonstrated 
that spironolactone use led to a decreased risk of com-
posite cardiovascular events, all-cause mortality, and 
heart failure hospitalization in patients with HFpEF with 
resistant hypertension, but this trend was not observed 
in those without resistant hypertension. Spironolactone 
use may be an effective add-on medication for patients 
with HFpEF with resistant hypertension who are already 
taking ACEIs/ARBs, CCBs, and diuretics.
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SUPPLEMENTAL MATERIAL 



 

 

Table S1. Primary and secondary outcomes in HFpEF patients with or without traditional resistant hypertension*. 
   Resistant hypertension (+)   Resistant hypertension (−) 

   Placebo Spironolactone P value  Placebo Spironolactone P value 

   n = 457 n = 451   n = 1,263 n = 1,270  

Event          

Primary outcome events†          

No. of patients   117 82   231 238  

Event rate (per 1,000 person-year)   88.9 57.5   59.3 59.1  

HR (95% CI)   1.00 (ref) 0.66 (0.50–0.88) 0.004  1.00 (ref) 1.01 (0.84–1.21) 0.90 

          

All-cause death          

No. of patients   73 42   200 214  

Event rate (per 1,000 person-year)   48.5 27.1   46.9 50.2  

HR (95% CI)   1.00 (ref) 0.56 (0.38–0.82) 0.002  1.00 (ref) 1.07 (0.88–1.30) 0.47 

Cardiovascular death          

No. of patients   44 24   132 136  

Event rate (per 1,000 person-year)   29.2 15.5   30.9 31.9  

HR (95% CI)   1.00 (ref) 0.53 (0.32–0.87) 0.01  1.00 (ref) 1.03 (0.81–1.31) 0.78 

Non-cardiovascular death          

No. of patients   29 18   68 78  

Event rate (per 1,000 person-year)   19.3 11.6   15.9 18.3  

HR (95% CI)   1.00 (ref) 0.60 (0.33–1.09) 0.09  1.00 (ref) 1.15 (0.83–1.59) 0.40 

          

Hospitalization for heart failure          

No. of patients   94 70   151 136  

Event rate (per 1,000 person-year)   71.2 49.1   37.6 33.8  

HR (95% CI)   1.00 (ref) 0.71 (0.52–0.96) 0.02  1.00 (ref) 0.89 (0.71–1.13) 0.34 

          

Major cardiovascular events‡          

No. of patients   68 48   196 193  

Event rate (per 1,000 person-year)   46.9 31.8   47.3 46.3  

HR (95% CI)   1.00 (ref) 0.68 (0.47–0.99) 0.04  1.00 (ref) 0.98 (0.80–1.19) 0.83 

          

Myocardial infarction          

No. of patients   18 18   46 47  

Event rate (per 1,000 person-year)   12.3 11.8   11.0 11.3  



 

 

HR (95% CI)   1.00 (ref) 0.98 (0.51–1.88) 0.94  1.00 (ref) 1.02 (0.68–1.53) 0.92 

          

Stroke          

No. of patients   13 16   47 41  

Event rate (per 1,000 person-year)   8.8 10.5   11.2 9.8  

HR (95% CI)   1.00 (ref) 1.22 (0.59–2.54) 0.59  1.00 (ref) 0.87 (0.57–1.32) 0.50 

*Data are presented as number or hazard ratio (95% confidence interval). Bold font denotes significance. 
†The primary outcome was a composite of cardiovascular death, aborted cardiac arrest, nonfatal myocardial infarction, nonfatal stroke, or hospitalization for 

the management of heart failure.  
‡Major cardiovascular events included cardiovascular death, nonfatal myocardial infarction, and nonfatal stroke. 

HFpEF, heart failure with preserved left ventricular ejection fraction; HR, hazard ratio; CI, confidence interval. 

 

 

 
  



 

 

Table S2. Primary and secondary outcomes in HFpEF patients with uncontrolled blood pressure despite the concurrent 

use of an angiotensin-converting enzyme inhibitor/angiotensin receptor blocker, a calcium channel blocker, and a 

diuretic*. 
   Placebo Spironolactone P value 

   n = 353 n = 343  

Event      

Primary outcome events†      

No. of patients   70 49  

Event rate (per 1,000 person-year)   63.9 43.1  

HR (95% CI)   1.00 (ref) 0.68 (0.47–0.98) 0.04 

      

All-cause death      

No. of patients   38 27  

Event rate (per 1,000 person-year)   31.3 22.6  

HR (95% CI)   1.00 (ref) 0.72 (0.44–1.18) 0.19 

Cardiovascular death      

No. of patients   26 17  

Event rate (per 1,000 person-year)   21.4 14.2  

HR (95% CI)   1.00 (ref) 0.66 (0.36–1.22) 0.18 

Non-cardiovascular death      

No. of patients   12 10  

Event rate (per 1,000 person-year)   9.9 8.4  

HR (95% CI)   1.00 (ref) 0.84 (0.36–1.96) 0.69 

      

Hospitalization for heart failure      

No. of patients   57 36  

Event rate (per 1,000 person-year)   52.0 31.6  

HR (95% CI)   1.00 (ref) 0.62 (0.41–0.94) 0.02 

      

Major cardiovascular events‡      

No. of patients   38 35  

Event rate (per 1,000 person-year)   31.9 30.2  

HR (95% CI)   1.00 (ref) 0.95 (0.60–1.50) 0.81 

      

Myocardial infarction      
No. of patients   8 13  



 

 

Event rate (per 1,000 person-year)   6.7 11.1  

HR (95% CI)   1.00 (ref) 1.68 (0.69–4.05) 0.25 

      

Stroke      

No. of patients   9 10  

Event rate (per 1,000 person-year)   7.5 8.5  

HR (95% CI)   1.00 (ref) 1.14 (0.46–2.80) 0.78 

*Data are presented as number or hazard ratio (95% confidence interval). Uncontrolled blood pressure was defined as systolic blood pressure ≥130 mm 

Hg and/or diastolic blood pressure ≥80 mm Hg. Bold font denotes significance. 
†The primary outcome was a composite of cardiovascular death, aborted cardiac arrest, nonfatal myocardial infarction, nonfatal stroke, or hospitalization for 

the management of heart failure.  
‡Major cardiovascular events included cardiovascular death, nonfatal myocardial infarction, and nonfatal stroke. 

HFpEF, heart failure with preserved left ventricular ejection fraction; HR, hazard ratio; CI, confidence interval. 

 

  



 

 

Table S3. Primary and secondary outcomes in HFpEF patients from the Americas with or without resistant 

hypertension*. 
   Resistant hypertension (+)   Resistant hypertension (−) 

   Placebo Spironolactone P value  Placebo Spironolactone P value 

   n = 284 n = 270   n = 595 n = 615  

Event          

Primary outcome events†          

No. of patients   105 73   175 169  

Event rate (per 1,000 person-year)   156.0 102.4   112.6 103.0  

HR (95% CI)   1.00 (ref) 0.66 (0.48–0.89) 0.006  1.00 (ref) 0.92 (0.74–1.13) 0.50 

          

All-cause death          

No. of patients   66 35   139 146  

Event rate (per 1,000 person-year)   78.7 42.5   78.9 79.4  

HR (95% CI)   1.00 (ref) 0.53 (0.35–0.80) 0.002  1.00 (ref) 1.00 (0.79–1.26) 0.96 

Cardiovascular death          

No. of patients   37 18   90 78  

Event rate (per 1,000 person-year)   44.1 21.9   51.1 42.4  

HR (95% CI)   1.00 (ref) 0.49 (0.27–0.86) 0.01  1.00 (ref) 0.83 (0.61–1.12) 0.23 

Non-cardiovascular death          

No. of patients   29 17   49 68  

Event rate (per 1,000 person-year)   34.6 20.7   27.8 36.9  

HR (95% CI)   1.00 (ref) 0.58 (0.32–1.07) 0.08  1.00 (ref) 1.32 (0.91–1.90) 0.13 

          

Hospitalization for heart failure          

No. of patients   87 65   129 134  

Event rate (per 1,000 person-year)   128.4 91.2   82.7 72.5  

HR (95% CI)   1.00 (ref) 0.72 (0.51–0.98) 0.04  1.00 (ref) 0.88 (0.68–1.13) 0.30 

          

Major cardiovascular events‡          

No. of patients   57 37   132 115  

Event rate (per 1,000 person-year)   72.0 46.5   78.8 64.5  

HR (95% CI)   1.00 (ref) 0.65 (0.42–0.97) 0.03  1.00 (ref) 0.82 (0.64–1.05) 0.11 

          

Myocardial infarction          
No. of patients   17 14   29 34  



 

 

Event rate (per 1,000 person-year)   21.3 17.5   17.0 19.2  

HR (95% CI)   1.00 (ref) 0.83 (0.40–1.67) 0.59  1.00 (ref) 1.11 (0.68–1.84) 0.65 

          

Stroke          

No. of patients   10 13   29 25  

Event rate (per 1,000 person-year)   12.2 16.1   17.0 13.8  

HR (95% CI)   1.00 (ref) 1.33 (0.58–3.03) 0.49  1.00 (ref) 0.81 (0.47–1.38) 0.43 

*Data are presented as number or hazard ratio (95% confidence interval). Bold font denotes significance. 
†The primary outcome was a composite of cardiovascular death, aborted cardiac arrest, nonfatal myocardial infarction, nonfatal stroke, or hospitalization for 

the management of heart failure.  
‡Major cardiovascular events included cardiovascular death, nonfatal myocardial infarction, and nonfatal stroke. 

HFpEF, heart failure with preserved left ventricular ejection fraction; HR, hazard ratio; CI, confidence interval. 

 

 

  



 

 

Table S4. Spironolactone use and study discontinuation in HFpEF patients with or without resistant hypertension*. 
   Resistant hypertension (+)  Resistant hypertension (−) 

   Placebo Spironolactone P value  Placebo Spironolactone P value 

   n = 499 n = 505   n = 1,221 n = 1,216  

Serum potassium ≥5.5 mmol/L on lowest 

spironolactone dose (15 mg) 

         

No. of patients   4 40   16 62  

Event rate (per 1,000 person-year)   3.0 30.0   4.7 19.6  

HR (95% CI)   1.00 (ref) 9.97 (3.57–27.88) <0.001  1.00 (ref) 4.00 (2.31–6.94) <0.001 

          

Serious hyperkalemia          

No. of patients   2 17   15 29  

Event rate (per 1,000 person-year)   1.5 12.7   4.4 9.2  

HR (95% CI)   1.00 (ref) 8.66 (2.00–37.50) 0.003  1.00 (ref) 2.02 (1.08–3.77) 0.02 

          

Breast tenderness or enlargement          

No. of patients   1 9   4 34  

Event rate (per 1,000 person-year)   0.7 6.7   1.2 10.7  

HR (95% CI)   1.00 (ref) 9.15 (1.16–72.23) 0.03  1.00 (ref) 8.86 (3.14–24.97) 0.34 

          

Anaphylactoid reaction or intolerance†          

No. of patients   2 1   8 5  

Event rate (per 1,000 person-year)   1.5 0.7   2.4 1.6  

HR (95% CI)   1.00 (ref) 0.49 (0.04–5.46) 0.56  1.00 (ref) 0.63 (0.21–1.94) 0.42 

*Data are presented as number or hazard ratio (95% confidence interval). Serious hyperkalemia was defined as potassium ≥6.0 mmol/L based on a non-

hemolyzed sample.  
†None were anaphylactoid reaction.  

 
 

 



 

 

Figure S1. Mean systolic and diastolic blood pressure levels during follow-up in 

HFpEF patients with and without resistant hypertension. 

 
 

 

Mean systolic and diastolic blood pressure levels during follow-up in HFpEF patients, with 

(A and C) and without (B and D) resistant hypertension. HFpEF, heart failure with 

preserved ejection fraction. 

 

 

 

 

 

  



 

 

Figure S2. Kaplan–Meier survival curves for primary outcome in HFpEF patients 

with or without traditional resistant hypertension. 

 

 
 

 

Rates of freedom from primary outcome events in HFpEF patients, with (A) and without (B) 

traditional resistant hypertension. The primary outcome was a composite of cardiovascular 

death, aborted cardiac arrest, or hospitalization for heart failure. HFpEF, heart failure with 

preserved ejection fraction. 

  



 

 

Supplemental Figure 3. Kaplan–Meier survival curves for all-cause death and heart failure hospitalization in HFpEF 

patients with or without traditional resistant hypertension.  

 

 
 

Rates of freedom from all-cause death (A and C) and hospitalization for heart failure (B and D). HFpEF, heart failure with 

preserved ejection fraction; HF, heart failure. 

  



 

 

Figure S4. Kaplan–Meier survival curves for primary outcome in HFpEF patients 

from the Americas with or without resistant hypertension. 

 

 
 

 

Rates of freedom from primary outcome events in HFpEF patients from Americas, with (A) 

and without (B) resistant hypertension. The primary outcome was a composite of 

cardiovascular death, aborted cardiac arrest, or hospitalization for heart failure. HFpEF, heart 

failure with preserved ejection fraction. 

 



 

 

Figure S5. Kaplan–Meier survival curves for all-cause death and heart failure hospitalization in HFpEF patients from the 

Americas with or without resistant hypertension.  

 

 
 

Rates of freedom from all-cause death (A and C) and hospitalization for heart failure (B and D). HFpEF, heart failure with 

preserved ejection fraction; HF, heart failure. 

  


