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HEART FAILURE (HF) WITH

preserved ejection fraction
(EF) accounts for more
than 50% of the total HF

population.1 Community-based cohort
studies have shown that mortality
rates are similar in HF with preserved
EF compared with HF with reduced
EF,1 but data from large clinical trials
point toward a better outcome in HF
with preserved EF. This may indicate
that comorbidities that are typically
excluded in trials may contribute to
the poor prognosis in HF with pre-
served EF.1-6 Left ventricular diastolic
dysfunction and adverse cardiac
remodeling are considered major

Importance Diastolic heart failure (ie, heart failure with preserved ejection fraction)
is a common condition without established therapy, and aldosterone stimulation may
contribute to its progression.

Objective To assess the efficacy and safety of long-term aldosterone receptor block-
ade in heart failure with preserved ejection fraction. The primary objective was to deter-
mine whether spironolactone is superior to placebo in improving diastolic function and
maximal exercise capacity in patients with heart failure with preserved ejection fraction.

Design and Setting The Aldo-DHF trial, a multicenter, prospective, randomized,
double-blind, placebo-controlled trial conducted between March 2007 and April 2012
at 10 sites in Germany and Austria that included 422 ambulatory patients (mean age,
67 [SD, 8] years; 52% female) with chronic New York Heart Association class II or III
heart failure, preserved left ventricular ejection fraction of 50% or greater, and evi-
dence of diastolic dysfunction.

Intervention Patients were randomly assigned to receive 25 mg of spironolactone
once daily (n=213) or matching placebo (n=209) with 12 months of follow-up.

Main Outcome Measures The equally ranked co–primary end points were changes
in diastolic function (E/e') on echocardiography and maximal exercise capacity (peak
V̇O2) on cardiopulmonary exercise testing, both measured at 12 months.

Results Diastolic function (E/e') decreased from12.7 (SD,3.6) to12.1 (SD,3.7)with spi-
ronolactone and increased from 12.8 (SD, 4.4) to 13.6 (SD, 4.3) with placebo (adjusted
mean difference, �1.5; 95% CI, �2.0 to �0.9; P� .001). Peak V̇O2 did not significantly
change with spironolactone vs placebo (from 16.3 [SD, 3.6] mL/min/kg to 16.8 [SD, 4.6]
mL/min/kgandfrom16.4 [SD,3.5]mL/min/kg to16.9 [SD,4.4]mL/min/kg, respectively;
adjusted mean difference, �0.1 mL/min/kg; 95% CI, �0.6 to �0.8 mL/min/kg; P=.81).
Spironolactone induced reverse remodeling (left ventricular mass index declined; differ-
ence, �6 g/m2; 95% CI, �10 to�1 g/m2; P=.009) and improved neuroendocrine acti-
vation (N-terminal pro–brain-type natriuretic peptide geometric mean ratio, 0.86; 95%
CI, 0.75-0.99; P=.03) but did not improve heart failure symptoms or quality of life and
slightly reduced6-minutewalkingdistance (–15m;95%CI, –27 to–2m;P=.03). Spirono-
lactone also modestly increased serum potassium levels (�0.2 mmol/L; 95% CI, �0.1 to
�0.3; P� .001) and decreased estimated glomerular filtration rate (�5 mL/min/1.73 m2;
95% CI, �8 to �3 mL/min/1.73 m2; P� .001) without affecting hospitalizations.

Conclusions and Relevance In this randomized controlled trial, long-term aldo-
sterone receptor blockade improved left ventricular diastolic function but did not affect
maximal exercise capacity, patient symptoms, or quality of life in patients with heart
failure with preserved ejection fraction. Whether the improved left ventricular func-
tion observed in the Aldo-DHF trial is of clinical significance requires further investi-
gation in larger populations.
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002605-31
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underlying pathologies in HF with
preserved EF.7 However, pharmaco-
therapies tested to date have not
shown improvements in diastolic dys-
function, cardiac remodeling, or car-
diovascular outcome.3-6

Mineralocorticoid receptor activa-
tion by aldosterone contributes to the
pathophysiology of HF (regardless of
EF) through several mechanisms, in-
cluding sodium retention, potassium
loss, endothelial dysfunction, vascu-
lar inflammation, fibrosis, and hyper-
trophy.8,9 The mineralocorticoid recep-
tor antagonists spironolactone and
eplerenone reduce total and cardiovas-
cular mortality across the spectrum of
HF with reduced EF and in patients
with acute myocardial infarction com-

plicated by left ventricular dysfunc-
tion and heart failure.10-12 Although
small preliminary studies suggest that
mineralocorticoid receptor antago-
nists might also be effective in hyper-
tensive heart disease and diastolic heart
failure, no adequately powered clini-
cal trials have been conducted to in-
vestigate the effects of chronic miner-
alocorticoid receptor blockade on
structural and functional end points in
HF with preserved EF.13,14

The Aldosterone Receptor Block-
ade in Diastolic Heart Failure (Aldo-
DHF) trial was designed to address this
knowledge gap by evaluating the ef-
fects of spironolactone on diastolic
function and exercise capacity in pa-
tients with HF with preserved EF.15

METHODS
Trial Design and Oversight
The Aldo-DHF trial was a multi-
center, randomized, placebo-con-
trolled, double-blind, two-armed, par-
allel-group study that enrolled patients
from 10 trial sites in Germany (GE) and
Austria (AT). The study design has been
previously published.15 The protocol
and amendments were approved by the
institutional review board at each par-
ticipating center, and the trial was con-
ducted in accordance with the prin-
ciples of the Declaration of Helsinki,
Good Clinical Practice guidelines, and
local and national regulations. Writ-
ten informed consent was provided by
all patients before any study-related pro-
cedures were performed.

The trial was designed and imple-
mented by the principal investigator,
the study coordinator, core laboratory
guarantors, and the Coordination Cen-
ter for Clinical Trials Leipzig (Univer-
sity of Leipzig). The Coordination Cen-
ter for Clinical Trials Leipzig was
responsible for all aspects related to site
monitoring, data collection, and data
management. An independent data and
safety monitoring board reviewed the
safety data on an ongoing, predefined
basis throughout the trial. Patients, the
investigator team, individuals perform-
ing the assessments, and data analysts
remained blinded to the identity of
treatment until after database lock;
analyses were performed according to
a predefined statistical analysis plan.

Participants

The complete eligibility criteria have
been published.15 Briefly, men and
women aged 50 years or older were eli-
gible to participate in the study if they
had current heart failure symptoms con-
sistent with New York Heart Associa-
tion (NYHA) class II or III, left ventricu-
lar ejection fraction (LVEF) of 50% or
greater, echocardiographic evidence of
diastolic dysfunction (grade �I) or atrial
fibrillation at presentation, and maxi-
mum exercise capacity (peak V̇O2) of 25
mL/kg/min or less.

Major exclusion criteria included
prior documented reduced left ven-

Figure 1. Participant Flow

373 Excluded
197 Dropped out of rescreening
67 Inclusion criteria not confirmed
80 Refused participation
29 Physician decision

422 Randomized

209 Included in analysis of the
primary outcomes

213 Included in analysis of the
primary outcomes

3 Discontinued study
1 Withdrew consent
2 Lost to follow-up

4 Discontinued study
1 Died  
2 Withdrew consent
1 Lost to follow-up

10 Discontinued study
1 Physician decision
8 Withdrew consent
1 Lost to follow-up

5 Discontinued study
4 Withdrew consent
1 Lost to follow-up

12-mo Follow-up

196 Attended 12-mo visit
195 Had echocardiographic

data available
187 Had spiroergometric data

available

12-mo Follow-up

204 Attended 12-mo visit
203 Had echocardiographic

data available
187 Had spiroergometric data

available

6-mo Follow-up

199 Remained in study

187 Had spiroergometric data
available

199 Attended 6-mo visit
196 Had echocardiographic

data available

6-mo Follow-up

208 Remained in study

194 Had spiroergometric data
available

206 Attended 6-mo visit
206 Had echocardiographic

data available

209 Randomized to placebo
209 Received placebo

as assigned

213 Randomized to spironolactone
213 Received spironolactone

as assigned

795 Patients aged ≥50 y screened
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tricular ejection fraction (LVEF �40%),
significant coronary artery disease (cur-
rent angina pectoris or ischemia on
stress tests; untreated coronary steno-
sis �50%), myocardial infarction or
coronary artery bypass graft surgery 3
months or less prior to enrollment,
clinically relevant pulmonary disease
(vital capacity �80% or forced expira-
tory volume in 1 second �80% of ref-
erence values on spirometry), signifi-
cant labora tory abnormal i t i e s
(potassium �5.1 mmol/L; hemoglo-
bin �11 g/dL; hematocrit �33%; se-
rum creatinine �1.8 mg/dL; or esti-
mated glomerular filtration rate
[eGFR]�30 mL/min/1.73 m2, calcu-
lated using the Modification of Diet in
Renal Disease formula: 186�[serum
creatinine {in micromoles per liter}/
88.4]�1.154�age [in years]�0.203
�1.21 [if patient is black]�0.742 [if
patient is female]), known contraindi-
cations for spironolactone or known in-
tolerance to or therapy with a miner-
alocorticoid receptor antagonist within
the last 3 months, concomitant therapy
with a potassium-sparing diuretic (eg,
triamterene, amiloride), or potassium
supplementation.

Study Drug Administration
and Study Procedures

Eligible patients were randomly as-
signed to receive either spironolactone
(25 mg/d) or matching placebo. The ran-
domization ratio was 1:1 for spironolac-
tone or placebo using the Pocock mini-
mization algorithm.16 Randomization
was stratified by grade of diastolic dys-
function (I vs II-III), rhythm (sinus vs
other), and study center. The allocation
sequence was implemented remotely via
Internet/fax by the Coordination Cen-
ter for Clinical Trials Leipzig. Standard
therapies for risk factor and symptom
control were at the discretion of treat-
ing physicians and required to be un-
changed within the 2 weeks prior to
randomization.

Production of identical matching pla-
cebo and quality control, packaging, la-
beling, storage, and dispensing of both
spironolactone and placebo were per-
formed by Allphamed PHARBIL. The

first dose of study drug was adminis-
tered immediately after randomiza-
tion under the supervision of the local
investigator. No further up-titration was
planned.

The study drug could be decreased
temporarily to 25 mg every other day for
apotassiumlevelgreater than5.2mmol/L
or in the presence of other reversible,
non–life-threatening adverse effects. For
safety reasons, study medication was
stopped for relevant hyperkalemia (se-

rum potassium �5.5 mmol/L) and/or
hyperkalemia-associated clinical symp-
toms, significant renal impairment (se-
rum creatinine �2.5 mg/dL; eGFR �20
mL/min/1.73 m2), significant breast pain
or gynecomastia, or withdrawal of
informed consent; rechallenge was
encouraged wherever possible. Adher-
ence was assessed at all regularly sched-
uled visits.

Patients were followed up while re-
ceiving blinded study medication for 12

Table 1. Demographic and Clinical Baseline Characteristicsa

Characteristics
Total

(n = 422)
Placebo Group

(n = 209)
Spironolactone
Group (n = 213)

Demographics
Age, mean (SD), y 67 (8) 67 (8) 67 (8)
Female 221 (52) 110 (53) 111 (52)

Medical history
Hospitalization for heart failure in past 12 mo 156 (37) 75 (36) 81 (38)
Coronary heart disease 170 (40) 78 (37) 92 (43)
Hypertension 387 (92) 190 (91) 197 (92)
Hyperlipidemia 273 (65) 143 (68) 130 (61)
Diabetes mellitus 70 (17) 34 (16) 36 (17)
Chronic obstructive pulmonary disease 14 (3) 3 (1) 11 (5)
Atrial fibrillation 22 (5) 9 (4) 13 (6)

Physical examination, mean (SD)
Body mass indexb 28.9 (3.6) 28.9 (3.6) 28.9 (3.6)
Systolic blood pressure, mm Hg 135 (18) 135 (18) 135 (18)
Diastolic blood pressure, mm Hg 79 (11) 80 (12) 79 (10)
Heart rate, /min 65 (13) 64 (12) 66 (14)

Signs and symptoms
NYHA functional class

II 363 (86) 183 (88) 180 (85)
III 59 (14) 26 (12) 33 (15)

Peripheral edema 165 (39) 84 (40) 81 (38)
Nocturia 338 (80) 168 (80) 170 (80)
Paroxysmal nocturnal dyspnea 67 (16) 31 (15) 36 (17)
Nocturnal cough 61 (15) 31 (15) 30 (14)
Fatigue 249 (59) 118 (56) 131 (62)

Laboratory measures
Sodium, mmol/L 140.3 (3.0) 140.3 (2.7) 140.3 (3.3)
Potassium, mean (SD), mmol/L 4.2 (0.4) 4.2 (0.4) 4.2 (0.4)
Hemoglobin, mean (SD), g/dL 13.8 (1.2) 13.8 (1.3) 13.8 (1.2)
eGFR, mean (SD), mL/min/1.73 m2 79 (19) 78 (18) 79 (19)
NT-proBNP, median (IQR), ng/L 158 (83-299) 148 (80-276) 179 (81-276)

Current medications
ACE inhibitors/angiotensin receptor

antagonists
325 (77) 158 (76) 167 (78)

	-Blockers 302 (72) 156 (75) 146 (69)
Diuretics 227 (54) 109 (52) 118 (55)
Calcium antagonists 105 (25) 58 (28) 47 (22)
Lipid-lowering drugs 230 (55) 118 (56) 112 (53)

Abbreviations: ACE, angiotensin-converting enzyme; eGFR, estimated glomerular filtration rate calculated by Modification
of Diet in Renal Disease formula: 186� (serum creatinine [in micromoles per liter]/88.4)–1.154�age (in years)–
0.203�1.21 (if patient is black)�0.742 (if patient is female); IQR, interquartile range; NT-proBNP, N-terminal pro–brain-
type natriuretic peptide; NYHA, New York Heart Association.

aData are expressed as No. (%) unless otherwise specified.
bBody mass index is defined as weight in kilograms divided by height in meter squared.
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months plus an additional safety period
of 4 weeks after termination of indi-
vidual study-related therapy (interim vis-
its at 1 week and 3, 6, and 9 months).
At baseline and the 6- and 12-month fol-
low-up visits, all patients underwent
physical examination, echocardiogra-
phy, cardiopulmonary exercise testing,
6-minute walk testing, quality-of-life as-
sessment, and blood sampling. Quality

of life was assessed by the 36-Item Short
Form Health Survey (SF-36), the Min-
nesota Living With Heart Failure Ques-
tionnaire, the Patient Health Question-
naire, and the Hospital Anxiety and
Depression Scale.

Study Objectives and End Points

The primary objective of the Aldo-
DHF trial was to determine whether spi-

ronolactone is superior to placebo in
improving diastolic function and maxi-
mal exercise capacity in patients with
HF with preserved EF.

The change in E/e' (ie, the relation
of peak early transmitral ventricular fill-
ing velocity to early diastolic tissue Dop-
pler velocity as an echocardiographic
estimate of filling pressure) at 12
months and the change in maximum
exercise capacity (peak V̇O2 on cardio-
pulmonary exercise testing) at 12
months compared with baseline were
coequal primary end points.

Prespecified major and additional
secondary end points included changes
in echocardiographic measures of car-
diac function and remodeling, mea-
sures of submaximal and maximal ex-
ercise capacity, serum biomarkers, and
quality of life. Clinical tolerability was
assessed as the safety end point. Mor-
bidity and mortality (all-cause and car-
diovascular-specific) were also pre-
defined exploratory end points.

End Point Assessments

Echocardiography. Detailed echocar-
diography was performed as described
previously.15 All echocardiographic data
were reviewedandconfirmedat ablinded
core laboratory.Astandardoperatingpro-
cedure for obtaining all echocardio-
graphic measurements was released
before recruitment began, and all par-
ticipating investigators were trained and
certified by the core laboratory staff. Sta-
bility of the co–primary end point E/e'
(variation �20% between screening and
baseline visits) was a required inclusion
criterion. Diastolic dysfunction was pro-
spectively identified and graded by a pre-
specified algorithm defined in the study
protocol as previously described,15 and
diagnostic criteria for HF with normal EF
were used according to current Euro-
pean Society of Cardiology recommen-
dations.17 Detailed definitions can be
found in theeAppendix (available athttp:
//www.jama.com).

Cardiopulmonary Exercise Testing.
Standardized cardiopulmonary exer-
cise testing was performed as described
previously.15 All data including validity
criteria and protocol adherence were re-

Table 2. Echocardiographic, Exercise Testing, and Quality-of-Life Baseline Characteristicsa

Characteristics
Total

(n = 422)
Placebo Group

(n = 209)
Spironolactone
Group (n = 213)

Echocardiography
LV ejection fraction, % 67 (8) 68 (7) 67 (8)
LV diameter (end diastolic), mm 46.5 (6.2) 46.9 (6.0) 46.2 (6.4)
LV diameter (end systolic), mm 25.5 (6.4) 25.8 (6.7) 25.2 (6.2)
LV mass index, g/m2 109 (28) 109 (27) 108 (29)

Men 117 (31) 118 (29) 116 (33)
Women 101 (23) 102 (22) 100 (23)

Left atrial volume index, mL/m2 28.0 (8.4) 27.8 (7.7) 28.2 (9.1)
E-wave velocity, cm/s 73 (19) 74 (21) 72 (17)
Medial e' wave velocity, cm/s 5.9 (1.3) 6.0 (1.4) 5.9 (1.3)
E/e' (medial) velocity ratio 12.8 (4.0) 12.8 (4.4) 12.7 (3.6)
E/A velocity ratio 0.91 (0.33) 0.92 (0.34) 0.90 (0.31)
Isovolumic relaxation time, ms 89 (26) 88 (25) 89 (26)
Deceleration time, ms 243 (63) 247 (66) 239 (60)
Grade of diastolic dysfunction, No. (%)b

I 307 (77) 151 (75) 156 (78)
II 86 (21) 44 (22) 42 (21)
III 4 (1) 2 (1) 2 (1)
IV 3 (1) 3 (2) 0

Paulus criteria positive, No. (%) 220 (52) 109 (52) 111 (52)
Cardiopulmonary exercise testing

Duration of exercise, s 540 (176) 545 (176) 535 (176)
Peak V̇O2, mL/min/kg 16.4 (3.5) 16.4 (3.5) 16.3 (3.6)
ATV̇O2, mL/min/kg 11.6 (3.2) 11.4 (3.0) 11.9 (3.4)
V̇E/V̇CO2 slope 30.3 (5.2) 30.7 (5.8) 30.0 (4.6)
Borg scale 5.4 (3.7) 5.4 (2.1) 5.4 (4.8)

Six-minute walk test
Walk distance, m 530 (87) 531 (86) 529 (88)

Quality of life
Responded to questionnaire, No. (%) 388 (92) 194 (93) 194 (91)
Minnesota Living With Heart Failure Questionnaire,

total score
22 (16) 21 (15) 22 (16)

SF-36 Physical Functioning Scale score 63 (22) 63 (23) 62 (22)
SF-36 Global Self-Assessment score 3.4 (0.6) 3.4 (0.6) 3.4 (0.6)
Symptoms of depression (PHQ-9 summary score) 5.6 (4.1) 5.7 (4.3) 5.6 (3.9)
HADS anxiety score 5.3 (3.8) 5.32 (3.8) 5.28 (3.7)
HADS depression score 4.7 (3.6) 4.7 (3.6) 4.8 (3.6)

Abbreviations: A, peak atrial transmitral ventricular filling velocity; ATV̇O2, oxygen consumption at anaerobic threshold; e',
early diastolic tissue Doppler velocity; E, peak early transmitral ventricular filling velocity; HADS, Hospital Anxiety and De-
pression Scale; LV, left ventricular; PHQ-9, 9-item depression scale of the Patient Health Questionnaire; SF-36, 36-Item
Short Form Health Survey; V̇CO2, volume of expired carbon dioxide; V̇E, expired volume per unit time; V̇O2, oxygen con-
sumption.

aData are expressed as mean (SD) unless otherwise specified. Higher values indicate better performance for LV ejection
fraction, medial e’ wave velocity, duration of exercise, peak V̇O2, ATVO2, Borg scale, walk distance, SF-36 Physical Func-
tioning Scale, and SF-36 global self assessment. Lower values indicate better performance for left atrial volume index,
E/e' (medial) velocity ratio, grade of diastolic dysfunction, V̇E/V̇CO2 slope, Minnesota Living With Heart Failure Question-
naire total score, symptoms of depression (PHQ-9 summary score), HADS anxiety score, and HADS depression score.

bData not measured because of presence of atrial fibrillation: placebo, n=9 (4%); spironolactone, n=13 (6%).
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viewed and confirmed at a blinded core
laboratory. An standard operating pro-
cedure was released before recruitment
began, and all participating investiga-
tors were trained and certified by the car-
diopulmonary exercise testing core labo-
ratory staff. Peak V̇O2 was prospectively
defined as the maximum value of the last
three 10-second averages during exer-
cise. The variation in peak V̇O2 was re-
quired to be 15% or less between screen-
ing and baseline.

Quality of Life. The following vali-
dated self-rating scales were used for as-
sessing quality of life: the SF-36,18 the
Minnesota Living With Heart Failure
Questionnaire,19 the Patient Health
Questionnaire,20 and the Hospital Anxi-
ety and Depression Scale.21 Minimal
clinically important differences have not
been established previously for most of
these instruments, and published re-
ports show large variations in meth-
ods and suggested minimal clinically
important differences, even for identi-
cal subscales of the SF-36.22,23 Hence,
the clinical importance of changes in
these instruments is subject to future
research.

Laboratory Measurements. Venous
blood samples were drawn under stan-
dardized conditions after 20 minutes of
rest in the supine position. Samples
were immediately cooled, centrifuged,
and processed for storage at �80
C
(�112
F). N-terminal pro–brain-type
natriuretic peptide (NT-proBNP) was
analyzed with the Elecsys NT-proBNP
immunoassay (Roche Diagnostics).

Statistical Analyses

For sample size calculation, a gain in
peak V̇O2 of 2 mL/min/kg and a de-
crease in E/e' of 1.2 by spironolactone
treatment were assumed. Within-
group standard deviations were ex-
pected to be 5 mL/min/kg for V̇O2 and
3 for E/e'. Thus, expected mean differ-
ences were 0.4 SDs for both primary end
points. Global type I and II error rates
were set at .05 and .1, respectively (ie,
.025 and .05 for each of the 2 primary
tests). Thus, 380 evaluable patients (190
in each treatment group) were needed.
Assuming a dropout rate of 10%, re-

cruitment of 420 patients was planned.
Analyses of the primary end points

were carried out using 2-sided Mann-
Whitney U tests. All analyses were
based on the intention-to-treat prin-
ciple. Patients who died were assigned
the worst rank in both tests, reflecting
the worst case of functional loss. A miss-
ing value in one of the end points did
not preclude analysis of the other. Sen-
sitivity analyses examining the pos-
sible effect of missing data on the pri-
mary results were performed using last
observation carried forward and mul-
tiple imputation. Quantitative effects of
the intervention were assessed by analy-
sis of covariance with the follow-up
value as the dependent variable, treat-
ment as a factor, and the baseline value
as the covariate. SPSS version 20 (SPSS
Inc) was used as statistical software.

Prespecified secondary end points
were changes in anaerobic threshold,
slope of expired volume per unit time
to volume of expired carbon dioxide
(V̇E/V̇CO2), and Borg dyspnea scale dur-
ing cardiopulmonary exercise testing,
E and e' velocities, grade of diastolic
dysfunction, left ventricular mass in-
dex and left atrial volume index on ech-
ocardiography, 6-minute walk dis-
tance, NT-proBNP level, and the
patient-reported Minnesota Living With
Heart Failure Questionnaire total score,
SF-36 Physical Functioning scale score,
and symptoms of depression mea-
sured by the summary score on the
9-item depression scale of the Patient
Health Questionnaire. Changes in all
other variables, including changes in
baseline characteristics, were ana-
lyzed in an exploratory manner. No ad-
justments for multiple comparisons
were planned, except for the primary
end point.

Analyses were carried out by analy-
sis of covariance, binary, or ordinal lo-
gistic regression with the follow-up
value as the dependent variable, treat-
ment as a factor, and the baseline value
as the continuous or categorical covar-
iate, as appropriate for quantitative, bi-
nary, or ordinal categorical variables.
Between-group comparisons are pre-
sented as mean differences or odds ra-

tios. N-terminal proBNP was analyzed
on the logarithmic scale, and the re-
sult was transformed back by the ex-
ponential function, leading to a geo-
metric mean ratio instead of a mean
difference.

Safety end points were all-cause
death, cardiac and noncardiac hospi-
talizations, worsening heart failure
(worsening dyspnea and worsening or
new edema), coronary heart disease
(myocardial infarction, revasculariza-
tion, or new symptoms of angina pec-
toris), significant renal impairment (de-
crease of eGFR to �30 mL/min/1.73 m2

or decrease of eGFR �15 mL/min/
1.73 m2 vs baseline) and anemia (de
novo, according to World Health Or-
ganization criteria, or decrease of he-
moglobin levels �1 g/dL in anemic pa-
tients), increases in serum potassium
to higher than 5 mmol/L, occurrence
of gynecomastia, and self-reported in-
tolerance of the study medication. Com-
parisons were carried out using the t test
for quantities and the Fisher exact test
for binary variables.

Prespecified subgroup analyses were
performed by analysis of covariance with
the follow-up value of the end point as
the dependent variable; respective base-
line variable as covariate; and treat-
ment, subgroup variable, and their in-
teraction term as factor variables. Patients
were categorized into subgroups by each
of the following variables at baseline (me-
dian split for continuous variables): age,
sex,bodymass index, systolicbloodpres-
sure, heart rate, NYHA class (II or III),
grade of diastolic function (I vs all other),
criteria for diastolic heart failure accord-
ing to European Society of Cardiology
criteria (Paulus positive or negative),17

and eGFR.

RESULTS
Patients

Of 795 patients screened from March
2007 to April 2011, 422 were in-
cluded and randomized to receive spi-
ronolactone or placebo (FIGURE 1). The
mean length of follow-up was 11.6
months (95% CI, 11.4-11.8 months)
and the mean daily dose of spironolac-
tone was 21.6 mg (95% CI, 20.8-22.3
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mg). Baseline characteristics were simi-
lar between treatment groups (TABLE 1,
TABLE 2, and eTable 1).

Primary End Points

Spironolactone significantly im-
proved diastolic function compared

with placebo (FIGURE 2A). E/e' signifi-
cantly declined with spironolactone
from 12.7 (SD, 3.6) to 12.1 (SD, 3.7)
and increased in the placebo group from
12.8 (SD, 4.4) to 13.6 (SD, 4.3)
(P � .001 for difference between
groups). As shown in Figure 2A, this

effect was evident at 6 months and was
maintained at 12 months.

Peak V̇O2 increased from 16.3 (SD,
3.6) mL/min/kg to 16.8 (SD, 4.6) mL/
min/kg in the spironolactone group and
from 16.4 (SD, 3.5) mL/min/kg to 16.9
(SD, 4.4) mL/min/kg in the placebo

Figure 2. Equally Ranked Co–Primary End Points of Peak Early Transmitral Ventricular Filling Velocity to Early Diastolic Tissue Doppler Velocity
(E/e') and Peak Oxygen Consumption (V̇O2) According to Assigned Study Treatment
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Error bars indicate 95% CI. P values describe comparisons of the changes in the placebo or spironolactone group at the respective time point vs baseline. No further
improvement by spironolactone occurred between the 6-month and 12-month visits (P=.39 for E/e').

Table 3. Echocardiography Results After 12 Months

Measurements
Placebo Group

(n = 195)a
Spironolactone Group

(n = 203)a

Spironolactone � Placebob

Difference (95% CI) P Value

Primary echocardiographic end point
E/e' (medial) velocity ratio 13.6 (13.0-14.2) 12.1 (11.6-12.6) –1.5 (–2.0 to –0.9) �.001

Secondary end points
E-wave velocity, cm/s 73.6 (70.6-76.7) 70.5 (68.3-72.7) –2.5 (–4.9 to –0.2) .03

Medial e' wave velocity, cm/s 5.86 (5.65-6.06) 6.16 (5.94-6.37) 0.36 (0.13 to 0.60) .002

E/A velocity ratio 0.96 (0.91-1.01) 0.91 (0.87-0.96) –0.04 (–0.09 to 0.01) .08

Isovolumic relaxation time, ms 88 (85-92) 86 (82-90) –3 (–8 to 2) .28

Deceleration time, ms 238 (229-247) 241 (232-249) 6 (–6 to 18) .32

Grade of diastolic dysfunction, No. (%)c
No diastolic dysfunction 2 (1) 4 (2)

I 129 (68) 143 (75)

II 57 (30) 43 (23) 0.63 (0.37 to 1.09)d .10

III 0 1 (�1)

IV 2 (1) 0

LV ejection fraction, % 65.9 (64.7-67.0) 67.2 (66.1-68.3) 1.6 (0.1 to 3.1) .04

LV mass index, g/m2 106 (102-110) 100 (96-103) –6 (–10 to –1) .009

Left atrial volume index, mL/m2 27.6 (26.5-28.6) 27.5 (26.2-28.8) –0.4 (–1.5 to 0.8) .51

Other variables
LV diameter (end diastolic), mm 46.4 (45.5-47.3) 44.6 (43.7-45.4) –1.4 (–2.5 to –0.3) .01

LV diameter (end systolic), mm 26.5 (25.6-27.4) 25.5 (24.6-26.4) –0.6 (–1.8 to 0.5) .26

Abbreviations: A, peak atrial transmitral ventricular filling velocity; e', early diastolic tissue Doppler velocity; E, peak early transmitral ventricular filling velocity; LV, left ventricular.
aData are expressed as groupwise mean (95% CI) unless otherwise indicated. Higher values indicate better performance for LV ejection fraction and medial e' wave velocity. Lower

values indicate better performance for left atrial volume index, E/e' (medial) velocity ratio, and grade of diastolic dysfunction.
bBetween-group differences are from analysis of covariance, adjusting for baseline.
cData not measured because of presence of atrial fibrillation: placebo, n=5; spironolactone, n=12.
dOdds ratio (95% CI).
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group, without a difference between
groups (P=.81) (Figure 2B).

Results regarding primary end points
were consistent across prespecified sub-
groups (eFigure 1).

Secondary Echocardiographic
End Points

Spironolactone improved major mea-
sures of cardiac function and remodel-
ing (TABLE 3). Left ventricular ejection
fraction increased while left ventricular
end-diastolic diameter and left ventricu-
lar mass index decreased significantly in
the spironolactone group compared pla-
cebo (FIGURE 3A). Other measures of
diastolic function or cardiac structure
did not differ between groups (Table 3
and eTable 2A), but NT-proBNP lev-
els significantly decreased with spi-
ronolactone (Figure 3B and TABLE 4).

Secondary Exercise Performance
End Points

Results are shown in TABLE 5 and
eTable 2B. The slope of V̇E/V̇CO2 slightly
increased, but there were no other sig-
nificant differences between groups.

Secondary Clinical Outcome
End Points

Compared with placebo, spironolac-
tone significantly reduced systolic blood

pressure (Table 4 and eFigure 2). Heart
failure symptomsassessedbyNYHAclass
(Table 4), quality of life, and depressive
symptoms did not differ between groups,
whereas 6-minute walking distance
slightly decreased in the spironolac-
tone group (eFigure 3). Further clinical
variables are shown in eTable 2C.

Safety and Adherence

Safety and adherence data are shown in
TABLE 6. A mild increase in potassium
levels and a decrease in eGFR occurred
in the spironolactone group. These
changes were evident after 1 week of
therapy and remained stable thereafter
(Table 4, eFigure 4, and eFigure 5). A sig-
nificantly greater proportion of pa-
tients randomized to spironolactone ex-
perienced potassium serum levels greater
than 5.0 mmol/L (Table 6), but there was
no difference between groups in the in-
cidence of serious hyperkalemia (�5.5
mmol/L) and no patients were hospital-
ized for hyperkalemia.

Of all adverse events, only gyneco-
mastia (P=.003 for intolerance; P=.03 for
dose reduction) and an increase of po-
tassium serum levels to greater than 5.0
mmol/L (P� .001) during follow-up
were significantly associated with sub-
jective intolerance or reduction or stop-
ping of the study medication.

Loss to Follow-up
Analyses to examine the possible ef-
fects of missing data (eg, last observa-
tion carried forward or multiple impu-
tation) did not alter the results on the
primary end points (eTable 4).

COMMENT
We evaluated the effect of adding spi-
ronolactone to recommended stan-
dard risk factor control in patients with
HF with preserved EF. We found that
left ventricular end-diastolic filling,24 left
ventricular remodeling, and neurohu-
moral activation were improved with
spironolactone, whereas maximal ex-
ercise capacity and quality-of-life mea-
sures remained unchanged.

Similar reverse remodeling effects of
spironolactone have been detected in pa-
tients with HF with reduced EF,25,26 a
condition in which spironolactone treat-
ment also reduces all-cause mortality
and heart failure hospitalizations.10,12 In-
terestingly, it does not improve peak V̇O2

or quality of life in this popula-
tion.10,12,27,28 In a recent meta-analysis of
1575 patients with HF with reduced EF,
aldosterone antagonists improved NYHA
functional status by only 0.13 class, an
effect size our study was not powered
to detect.29 Whether mineralocorticoid
receptor antagonists may also improve

Figure 3. Main Secondary End Points According to Assigned Study Treatment
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LVMI indicates left ventricular mass index; NT-proBNP, N-terminal pro–brain-type natriuretic peptide. Error bars indicate analysis of covariance estimates of treatment
effects within subgroups. P values describe comparisons of the changes in the placebo or spironolactone group at the respective time point vs baseline. No further
change by spironolactone occurred between the 6-month and 12-month visits (P=.16 for LVMI and P=.87 for log10 NT-proBNP).
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prognosis in HF with preserved EF is
currently being investigated in the in-
ternational TOPCAT trial.30

Activation of the mineralocorticoid
receptor system by aldosterone pro-
motes hypertension, endothelial dys-
function, left ventricular hypertro-
phy, and myocardial fibrosis.8 , 9

Angiotensin-converting enzyme inhibi-

tors and angiotensin receptor block-
ers inhibit angiotensin II–mediated al-
dosterone release, but despite optimized
therapy, a large proportion of patients
with heart failure have elevated aldo-
sterone plasma levels (aldosterone
escape).31 Spironolactone has been
shown to decrease extracellular ma-
trix turnover and myocardial collagen

content, mechanisms known to influ-
ence the progression of heart fail-
ure.26,32,33

Aldo-DHF is the first large, multi-
center trial to demonstrate structural re-
verse cardiac remodeling in patients
with symptomatic HF with preserved
EF treated in addition to substantial an-
tineuroendocrine background therapy

Table 4. Clinical and Laboratory Results and Quality of Life After 12 Months

Measurements
Placebo Group

(n = 196)a
Spironolactone Group

(n = 204)a

Spironolactone � Placebob

Difference (95% CI) P Value

Clinical secondary end point (n = 185) (n = 186)
Six-minute walk distance, m 536 (521-550) 517 (504-531) �15 (�27 to �2) .02

Other clinical variables
NYHA class, No. (%)

I 11 (6) 8 (4)
II 172 (88) 178 (87) 1.30 (0.70 to 2.40)c .41
III 13 (7) 18 (9)

Peripheral edema, No. (%) 71 (36) 61 (30) 0.69 (0.42 to 1.14)c .15
Systolic blood pressure, mm Hg 137 (135-139) 128 (126-130) �8 (�11 to �5) �.001
Diastolic blood pressure, mm Hg 80 (79-82) 77 (75-78) �3 (�5 to �2) �.001
Heart rate, /min 65 (63-66) 66 (65-68) 1 (�1 to 3) .56

Laboratory secondary end point
NT-proBNP, median (IQR), ng/L 165 (82-314) 152 (77-307) 0.86 (0.75 to 0.99)d .03

Other laboratory measurements
Sodium, mmol/L 140.4 (140.0-140.8) 139.5 (139.0-139.9) �0.9 (�1.4 to �0.5) �.001
Potassium, mmol/L 4.14 (4.08-4.20) 4.38 (4.32-4.43) 0.2 (0.1 to 0.3) �.001
Hemoglobin, g/dL 13.8 (13.6-14.0) 13.6 (13.4-13.7) �0.2 (�0.4 to �0.1) .003
eGFR, mL/min/1.73 m2 74 (71-77) 69 (66-71) �5 (�8 to �3) �.001

Quality-of-life secondary end points (n = 187) (n = 194)
Minnesota Living With Heart Failure Questionnaire total score 21 (18-23) 21 (19-24) 0.0 (�2 to 2) .97
SF-36 Physical Functioning Scale score 66 (63-69) 64 (61-68) 1 (�2 to 4) .62
SF-36 Global Self-Assessment score 3.3 (3.2-3.4) 3.3 (3.2-3.4) 0.0 (�0.1 to 0.1) .79
Symptoms of depression (PHQ-9 summary score) 5.6 (5.0-6.2) 5.5 (4.9-6.1) �0.1 (�0.7 to 0.5) .72
HADS anxiety score 5.0 (4.5-5.6) 4.7 (4.2-5.3) �0.4 (�0.9 to 0.1) .14
HADS depression score 4.7 (4.2-5.3) 4.4 (3.8-4.9) �0.5 (�1.0 to 0.0) .07

Abbreviations: eGFR, estimated glomerular filtration rate calculated by the Modification of Diet in Renal Disease formula: 186� (serum creatinine [in micromoles per liter]/88.4)–
1.154�age (in years)–0.203�1.21 (if patient is black)�0.742 (if patient is female); HADS, Hospital Anxiety and Depression Scale; NT-proBNP, N-terminal pro–brain-type na-
triuretic peptide; NYHA, New York Heart Association; PHQ-9, 9-item depression scale of the Patient Health Questionnaire; SF-36, 36-Item Short Form Health Survey.

aData are expressed as groupwise mean (95% CI) unless otherwise indicated. Higher values indicate better performance for 6-minute walk distance, NYHA class, eGFR, SF-36
Physical Functioning Scale, and SF-36 Global Self-Assessment. Lower values indicate better performance for NT-proBNP, Minnesota Living With Heart Failure Questionnaire
total score, symptoms of depression (PHQ-9 summary score), HADS anxiety score, and HADS depression score.

bBetween-group differences are from analysis of covariance, adjusting for baseline.
cOdds ratio (95% CI).
dGeometric mean ratio (95% CI).

Table 5. Cardiopulmonary Exercise Testing Results After 12 Months

Measurements
Placebo Group, Mean

(95% CI) (n = 187)a
Spironolactone Group,

Mean (95% CI) (n = 187)a

Spironolactone � Placebob

Difference (95% CI) P Value

Primary spiroergometric end point
Peak V̇O2, mL/min/kg 16.9 (16.2-17.5) 16.8 (16.2-17.5) 0.1 (�0.6 to 0.8) .81

Secondary end points
ATV̇O2, mL/min/kg 12.1 (11.6-12.6) 11.9 (11.3-12.4) 0.3 (�1.0 to 0.4) .39

V̇E/V̇CO2 slope 31.5 (30.8-32.2) 31.8 (31.2-32.5) 0.8 (0 to 1.5) .04

Borg scale 4.6 (4.3-4.9) 4.6 (4.3-4.9) 0.1 (�0.3 to 0.5) .40

Other variables
Duration of exercise, s 547 (520-574) 540 (512-567) 10 (�8 to 28) .27

Abbreviations: ATV̇O2, oxygen consumption at anaerobic threshold; V̇CO2, volume of expired carbon dioxide; V̇E, expired volume per unit time; V̇O2, oxygen consumption.
aHigher values indicate better performance for duration of exercise, peak V̇O2, and ATV̇O2. Lower values indicate better performance for V̇E/V̇CO2 slope and Borg scale.
bBetween-group differences are from analysis of covariance, adjusting for baseline.
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for risk factor control. Earlier pharma-
cologic interventions in HF with pre-
served EF have failed to improve dia-
stolic dysfunction, the major underlying
cardiac pathophysiology in HF with
preserved EF. Angiotensin receptor
blockers34 and 	-blockers35 have not in-
duced either functional or clinical out-
come improvements3,4 in randomized
trials. Hence, spironolactone is the first
drug to show an improvement in dia-
stolic function among patients with HF
with preserved EF in a randomized,
double-blind, placebo-controlled clini-
cal trial.36 However, we did not ob-
serve a reduction in left atrial size as in
another recent trial of patients with HF
with preserved EF.37 This may be ex-
plained by the mild symptoms and only
mildly dilated left atria as well as by the
low prevalence of atrial fibrillation in
our study. Another explanation could
be that functional and structural
changes induced by spironolactone
need more time to affect left atrial size.
In addition, a mild potassium-sparing
diuretic effect may have contributed to
our findings.

Compared with placebo, spironolac-
tone resulted in a substantial blood
pressure reduction, which could ex-
plain structural and functional car-
diac effects. However, after adjust-
ment for baseline and follow-up blood
pressure values, the effects of spirono-
lactone on diastolic function (E/e',
�1.1; 95% CI, �1.6 to �0.5; P� .001)
and left ventricular mass index (�4.8
g/m2; 95% CI, �9.4 to �0.3 g/m2;
P=.04) remained statistically signifi-
cant, suggesting that the reverse re-
modeling effects of spironolactone are
independent of blood pressure reduc-
tion. However, blood pressure is an in-
direct measure of left ventricular after-
load and correction for blood pressure
reduction may not be adequate to re-
fute a primary effect of changes in sys-
tolic and diastolic load. Although the
mean blood pressure reduction by spi-
ronolactone in the Aldo-DHF trial was
5 mm Hg lower than that observed in
the VALIDD study with valsartan, spi-
ronolactone treatment lowered E/e',
neuroendocrine activation, and left ven-

tricular mass index, whereas valsartan
had no overall effect on these mea-
sures.34 Similarly, enalapril38 and
nebivolol35 decreased blood pressure
without effects on diastolic function or
structural remodeling in HF with pre-
served EF.

The beneficial effects of spironolac-
tone on diastolic function were not as-
sociated with any clinical improve-
ment. Our study population may have
been too young or too healthy, or the
treatment period may have been too
short, for observing a translation of im-
proved diastolic function into a clini-
cal benefit. The low event rate in the
Aldo-DHF trial may indicate that the
study population likely represented
early-stage HF with preserved EF, and
longer follow-up may have been needed
to fully evaluate the potential effects of
spironolactone on symptomatic or clini-
cal outcome end points. Also, the ob-
served 2.8% reduction in submaximal

exercise capacity in the spironolac-
tone group warrants consideration. Al-
though this decline appears clinically
irrelevant, it could be explained by the
modest decrease in renal function, the
yet unexplained decrease in hemoglo-
bin levels, or external factors such as
assessment technique, patient motiva-
tion, or statistical chance. The neutral
effect of spironolactone on peak V̇O2

and the small negative effect on 6-min-
ute walking distance could possibly also
be explained by a reduction in filling
pressures. However, the known anti-
androgenic action of spironolactone,
with adverse effects on skeletal muscle
function and strength independent of
myocardial function and left ventricu-
lar remodeling, might also have con-
tributed to the lack of symptomatic im-
provement in our cohort.39 However,
whether a more specific mineralocor-
ticoid receptor blockade using, for in-
stance, eplerenone or canrenone may

Table 6. Adverse Events and Adherence

Events/Adherence
Placebo Group,

No. (%)
Spironolactone
Group, No. (%) P Value

Adverse events
Death 0 1 (�1) �.99

Hospitalization 50 (24) 60 (28) .38

Cardiac hospitalization 15 (7) 21 (10) .38

Noncardiac hospitalization 37 (18) 47 (22) .27

Worsening dyspnea 32 (15) 33 (15) �.99

New or worsening edema 44 (21) 35 (16) .26

Worsening coronary heart diseasea 29 (14) 33 (15) .68

Myocardial infarction 3 (1) 5 (2) .72

Worsening renal functionb 43 (21) 77 (36) �.001

eGFR �30 mL/min/1.73 m2 at last visit 1 (�1) 3 (1) .62

New or worsening anemiac 18 (9) 34 (16) .03

Anemia at last visit 20 (10) 33 (15) .08

Serum potassium level
Ever increased �5.0 mmol/L 22 (11) 44 (21) .005

�5.0 mmol/L at last visit 7 (3) 13 (6) .25

Ever increased �5.5 mmol/L 3 (1) 4 (2) �.99

�5.5 mmol/L at last visit 1 (�1) 1 (�1) �.99

Gynecomastia 1 (�1) 9 (4) .02

Adherence to study medication
Overall adherence rate, mean (95% CI), % 93 (91-96) 92 (89-95) .44

Ever reported intolerance 13 (6) 36 (17) �.001

Ever reduced dose or stopped 30 (14) 48 (23) .03

Abbreviation: eGFR, estimated glomerular filtration rate calculated by Modification of Diet in Renal Disease formula:
186� (serum creatinine [in micromoles per liter]/88.4)–1.154�age (in years)–0.203�1.21 (if patient is black)
�0.742 (if patient is female).

aWorsening coronary heart disease is defined as myocardial infarction, revascularization, or occurrence of angina pec-
toris at follow-up.

bWorsening renal function is defined as worsening as reported by the physician, decrease of eGFR to below 30 mL/
min/1.73 m2, or decrease of eGFR by more than 15 mL/min/1.73 m2 vs baseline.

cNew or worsening anemia is defined as newly diagnosed anemia according to World Health Organization criteria or
worsening of hemoglobin levels in anemic patients by 1 g/dL or more during follow-up.
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result in different outcomes is cur-
rently unknown.13 Nevertheless, the
lack of meaningful beneficial effects of
spironolactone on various measures of
exercise capacity and quality of life sug-
gests that in addition to left ventricu-
lar structural and functional remodel-
ing, other mechanisms also contribute
to impaired functional capacity in HF
with preserved EF.40

Spironolactone increased potas-
sium levels by an average of 0.2 mmol/L.
Of note, clinically relevant hyperkale-
mia (�5.5 mmol/L) was rare, potas-
sium levels never exceeded 5.8 mmol/L,
and no hospitalizations for hyperkale-
mia occurred. Observational data af-
ter the publication of the RALES study
in HF with reduced EF have shown that
inappropriately high doses of spirono-
lactone and less rigorous control of risk
factors for hyperkalemia in daily prac-
tice may shift the risk-benefit ratio of
spironolactone toward harm.38 Thus,
adherence to recommended exclusion
criteria, dosing guidelines, and regu-
lar monitoring of potassium levels and
renal function is recommended.

The present results should be inter-
preted in the context of several limita-
tions. The Aldo-DHF study population
consisted of stable patients with moder-
ate heart failure symptoms. The results
may not apply to patients with more se-
vere disease and more comorbidi-
ties.40-42 However, at later stages, pa-
tients with HF with preserved EF more
often die of noncardiovascular causes.
Therefore, an intervention with an ef-
fect on cardiac structure and function at
an earlier phase of the disease as tested
in Aldo-DHF seems attractive.42-44 How-
ever, the relatively stable study popula-
tion may have precluded translation of
cardiac functional and structural im-
provements into better exercise toler-
ance and quality of life. Importantly,
Aldo-DHF was not powered to evaluate
the effect of spironolactone on heart fail-
ure hospitalizations or mortality.

Additionally, in contrast to large out-
come trials, NT-proBNP was not se-
lected as a specific inclusion criterion
in the Aldo-DHF trial. The reason for
this was that NT-proBNP is not a sen-

sitive diagnostic marker of the dis-
ease, is influenced by typical comor-
bidities such as renal dysfunction and
obesity, and is not elevated beyond di-
agnostic cutoff values even in many pa-
tients included in large multicenter
trials such as I-Preserve.3 The lack of
considerably elevated NT-proBNP lev-
els in Aldo-DHF may indicate a rela-
tively stable HF population, which ac-
counts for the low rate of cardiovascular
events observed in our cohort. Be-
cause of our study design, typical co-
morbidities were underrepresented in
Aldo-DHF.

To date, there is no accepted mini-
mal clinically important difference in
peak V̇O2 or E/e' that should be reached
in view of altering prognosis in HF with
preserved EF. Future studies, while re-
maining stringent from a pathophysi-
ologic point of view, need to establish
the effect of changes in our echocar-
diographic and clinical end points on
morbidity and mortality.

In conclusion, Aldo-DHF showed
that compared with placebo, spirono-
lactone treatment in patients with HF
with preserved EF improved diastolic
function and left ventricular remodel-
ing but did not alter maximal exercise
capacity. The lack of accepted mini-
mal clinically important differences in
E/e' or peak V̇O2 in HF with preserved
EF warrants additional prospective, ran-
domized, adequately powered studies
to further evaluate the effect of improv-
ing diastolic function on sympto-
matic, functional, and clinical end
points.
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