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DURING THE PAST 30 YEARS,
large randomized trials have
established the efficacy of
multiple therapies for reduc-

ing mortality among patients with heart
failure and reduced ejection fraction.1

Among the most efficacious therapies
for heart failure are the aldosterone an-
tagonists spironolactone and epler-
enone. In 2 landmark trials, these agents
reduced mortality by 24% to 30% and
readmission for heart failure by nearly
40%.2,3 Despite these findings and
subsequent class I guideline recom-
mendations, the use of aldosterone an-
tagonist therapy remains lower than
expected.1,4,5

Slow and varied adoption of aldoste-
rone antagonists in clinical practice may
be due, in part, to uncertainty about
their effectiveness and safety outside
clinical trials.6 This uncertainty is es-
pecially relevant for patients at high risk
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Context Aldosterone antagonist therapy for heart failure and reduced ejection frac-
tion has been highly efficacious in randomized trials. However, questions remain re-
garding the effectiveness and safety of the therapy in clinical practice.

Objective To examine the clinical effectiveness of newly initiated aldosterone an-
tagonist therapy among older patients hospitalized with heart failure and reduced ejec-
tion fraction.

Design, Setting, and Participants Using clinical registry data linked to Medicare
claims from 2005 through 2010, we examined outcomes of eligible patients hospital-
ized with heart failure and reduced ejection fraction. We used Cox proportional haz-
ards models and inverse-weighted estimates of the probability of treatment to adjust
for treatment selection bias.

Main Outcome Measures All-cause mortality, cardiovascular readmission,
and heart failure readmission at 3 years, and hyperkalemia readmission at 30 days
and 1 year.

Results Among 5887 patients who met the inclusion criteria, the mean age was 77.6
years; of those 1070 (18.2%) started aldosterone antagonist therapy at discharge. Cu-
mulative incidence rates among treated and untreated patients were 49.9% vs 51.2%
(P=.62) for mortality; 63.8% vs 63.9% (P=.65) for cardiovascular readmission; and
38.7% vs 44.9% (P� .001) for heart failure readmission at 3 years; and 2.9% vs 1.2%
(P� .001) for hyperkalemia readmission within 30 days and 8.9% vs 6.3% (P=.002)
within 1 year. After inverse weighting for the probability of treatment, there were no
significant differences in mortality (hazard ratio [HR], 1.04; 95% CI, 0.96-1.14; P=.32)
and cardiovascular readmission (HR, 1.00; 95% CI, 0.91-1.09; P=.94). Heart failure
readmission was lower among treated patients at 3 years (HR, 0.87; 95% CI, 0.77-
0.98; P=.02). Readmission associated with hyperkalemia was higher with aldoste-
rone antagonist therapy at 30 days (HR, 2.54; 95% CI, 1.51-4.29; P� .001) and 1
year (HR, 1.50; 95% CI, 1.23-1.84; P� .001).

Conclusions Initiation of aldosterone antagonist therapy at hospital discharge was
not independently associated with improved mortality or cardiovascular readmission
but was associated with improved heart failure readmission among eligible older pa-
tients with heart failure and reduced ejection fraction. There was a significant increase
in the risk of readmission with hyperkalemia, predominantly within 30 days after dis-
charge.
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of hyperkalemia, such as older pa-
tients, patients with diabetes mellitus
or chronic kidney disease, and pa-
tients using other renin-angiotensin-
aldosterone system antagonists.7-9 High-
risk patients, women, and patients in
minority racial and ethnic groups are
typically underrepresented in clinical
trials, whereas patients who are gener-
ally adherent to therapy and fol-
low-up tests are more likely to partici-
pate in trials.10

In response to questions about the
effectiveness and safety of heart fail-
ure therapies in clinical practice, we de-
signed the Comparative Effectiveness
of Therapies for Heart Failure (COM-
PARE-HF) program using a national
clinical registry linked to Medicare
claims data to examine the clinical ef-
fectiveness of therapies such as aldo-
sterone antagonists and associations
with long-term outcomes of older pa-
tients discharged from a hospitaliza-
tion for heart failure.11

METHODS
Data Sources

Data for this study included clinical data
from the American Heart Associa-
tion’s Get With the Guidelines-Heart
Failure registry and Medicare claims
data from the US Centers for Medicare
& Medicaid Services. The registry is an
ongoing web-based registry estab-
lished to improve care for patients hos-
pitalized with heart failure. It suc-
ceeded the Organized Program to
Initiate Lifesaving Treatment in Hos-
pitalized Patients With Heart Failure
registry. Details of the registry have been
described previously.12

Patients are eligible if they are hos-
pitalized with a primary diagnosis of
heart failure or develop significant heart
failure symptoms during a hospitaliza-
tion for which heart failure was not the
reason for admission. Heart failure di-
agnoses are identified with Interna-
tional Classification of Diseases, Ninth
Revision, Clinical Modification (ICD-9-
CM) codes 402.x1, 404.x1, 404.x3, and
428.x. The registry contains patient
demographic characteristics, medical
history, results of admission labora-

tory tests and examinations, contrain-
dications for medications, and dis-
charge medications. Outcome Sciences
Inc (Cambridge, Massachusetts) is the
data collection coordination center for
the Get With the Guidelines-Heart Fail-
ure program. The Duke Clinical Re-
search Institute serves as the data analy-
sis center and has an agreement to
analyze the aggregate deidentified data
for research purposes.

The Medicare data include the 100%
Medicare inpatient claims files and the
corresponding denominator files for
2005 through 2010. The inpatient files
contain institutional claims for facil-
ity costs covered under Medicare Part
A and encrypted beneficiary identifi-
ers, admission and discharge dates,
dates of service, diagnosis related
groups (DRGs), ICD-9-CM diagnosis
and procedure codes, reimbursement
amounts, hospital providers, and ben-
eficiary demographic information. The
denominator files include encrypted
beneficiary identifiers, dates of birth,
sex, race/ethnicity, dates of death, and
information about program eligibility
and enrollment.

We linked the registry data to the
claims data using indirect identifiers—
hospital identifier, admission date, dis-
charge date, sex, and either birth date
or month and year of birth.13 Combi-
nations of these identifiers are almost
always unique, enabling the identifica-
tion of registry hospitalizations in Medi-
care claims. For patients with mul-
tiple hospitalizations in the registry, we
selected the first hospitalization for the
analysis. After linking the data, we used
Medicare beneficiary identifiers to ob-
tain subsequent events for beneficia-
ries with eligible hospitalizations.

The institutional review board of the
Duke University Health System ap-
proved the study.

Study Cohort

In the linked data set, we identified pa-
tients 65 years or older who were dis-
charged alive between January 1, 2005,
and December 31, 2009, and were en-
rolled in fee-for-service Medicare. Con-
sistent with guideline recommenda-

tions,1 we required that patients were
discharged home and had a docu-
mented history of heart failure before
the index hospitalization. We also re-
quired patients to be eligible for aldo-
sterone antagonist therapy, which we
defined on the basis of registry docu-
mentation of left ventricular ejection
fraction of 35% or less or a qualitative
description of moderate or severe left
ventricular systolic dysfunction; se-
rum creatinine level at admission of 2.5
mg/dL or less in men and 2.0 mg/dL or
less (to convert to micromoles per li-
ter, multiply by 88.4) in women; and
no documented contraindications to
therapy. We did not include serum po-
tassium level in the eligibility criteria,
unless hyperkalemia was a docu-
mented contraindication to aldoste-
rone antagonist use, because potas-
sium levels were not collected in the
registry until 2008. To minimize bias,
we further required that patients had
not previously received aldosterone an-
tagonist therapy before the index hos-
pitalization.14 We defined the date of co-
hort entry as the date of discharge from
the index hospitalization.

Treatment

The treatment of interest was aldoste-
rone antagonist therapy prescribed at
discharge, as recorded in the registry.
The treated group included all pa-
tients who received the prescription at
discharge from the index hospitaliza-
tion; the untreated group included
all other patients in the study popula-
tion.

Outcomes

The outcomes of interest were all-
cause mortality, cardiovascular read-
mission, and heart failure readmis-
sion at 3 years and hyperkalemia
readmission at 30 days and 1 year. We
determined all-cause mortality on the
basis of death dates in the Medicare de-
nominator files, and we determined re-
admission on the basis of Medicare
inpatient claims. We defined cardio-
vascular readmission using DRGs 104-
112, 115-118, 121-145, 479, 514-518,
525-527, 535, 536, and 547-558 be-

ALDOSTERONE ANTAGONIST THERAPY AND RISK OF MORTALITY

2098 JAMA, November 28, 2012—Vol 308, No. 20 ©2012 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023



fore October 1, 2007, and codes 215-
238, 242-254, 258-262, and 280-316 on
or after October 1, 2007.15 We defined
heart failure readmission using DRG
127 before October 1, 2007, and 291-
293 on or after October 1, 2007. We de-
fined readmission for hyperkalemia
using ICD-9-CM diagnosis code 276.7
in the primary position on an inpa-
tient claim as the primary outcome and
in any position as the secondary out-
come. In post hoc analyses, we further
categorized the reasons for cardiovas-
cular readmissions as heart failure
(DRG 127 before October 1, 2007, and
291-293 on or after October 1, 2007),
elective or nonelective admission for an
arrhythmia control device (DRGs 116-
118, 514, 515, 536, 551, 552 before Oc-
tober 1, 2007, and 224-227, 242-245,
258-262 on or after October 1, 2007),
acute myocardial infarction (DRGs 115,
121-123, 516, 526, 535 before Octo-
ber 1, 2007, and 222, 223, 280-285 on
or after October 1, 2007), arrhythmia
(DRGs 138 and139 before October 1,
2007, and 308-310 on or after Octo-
ber 1, 2007), and other.

The follow-up period for all events was
3 years after discharge from the index
hospitalization; days to events were cal-
culated from the date of discharge. For
patientswhodidnot experienceanevent,
we defined a censoring date as the ear-
liest of (1) 30 days, 1 year, or 3 years af-
ter discharge, depending on the out-
come; (2) the end of the period for which
data were available (December 31, 2010);
or (3) the date on which the patient’s data
were no longer available because the pa-
tient enrolled inaMedicaremanagedcare
plan. For the readmission outcomes, we
treated death as a competing risk.

Subgroups

Subgroups of interest included age, sex,
race/ethnicity, etiology of heart failure,
and the presence or absence of diabe-
tes mellitus, use of digoxin, and B-type
natriuretic peptide level, all of which we
ascertained from the registry.

Covariates

Covariates from the registry data in-
cluded demographic characteristics (ie,

age, sex, race/ethnicity); medical his-
tory (ie, anemia, atrial fibrillation,
chronic obstructive pulmonary dis-
ease, depression, diabetes mellitus,
heart failure with ischemic etiology, hy-
perlipidemia, hypertension, pace-
maker, peripheral vascular disease, cere-
brovascular accident or transient
ischemic attack, renal insufficiency, and
smoking in the previous year); results
of admission laboratory tests (ie, left
ventricular ejection fraction, blood urea
nitrogen, and serum creatinine); vital
signs at admission (ie, heart rate, re-
spiratory rate, and systolic blood pres-
sure); and discharge medications (ie,
angiotensin-converting enzyme [ACE]
inhibitor, aldosterone antagonist, an-
giotensin II receptor blocker [ARB],
�-blocker, digoxin, diuretic, lipid-
lowering agent, and warfarin). From the
Medicare claims, we used Hierarchi-
cal Condition Category (HCC) codes
for the index admission to define pro-
tein-calorie malnutrition (code 21), de-
mentia (codes 49-50), disability (ie,
paraplegia, 68; spinal cord disorders/
injuries, 69; hemiplegia/hemiparesis,
100; paralysis, 101; speech, language,
cognitive, and perceptual deficits, 102;
and amputation and complications, 177
and 178), major psychiatric disorders
(codes 54, 55, and 56), and chronic liver
disease (codes 25, 26, and 27).16

Statistical Analysis

We describe the baseline characteris-
tics of the study population using fre-
quencies with percentages for categori-
cal variables and means with SDs for
continuous variables. We tested for dif-
ferences between treatment groups using
�2 tests for categorical variables and t
tests for continuous variables. In addi-
tion, we compared treatment groups
using standardized differences, calcu-
lated as the difference in means or pro-
portions divided by a pooled estimate of
the SD.17,18 Compared with traditional
significance testing, standardized dif-
ferences are not as sensitive to sample
size and are useful in identifying mean-
ingful differences. Typically, a standard-
ized difference greater than 0.1 is con-
sidered meaningful.17

To describe observed outcomes, we
compared the unadjusted cumulative
incidence of each outcome at 30 days,
1 year, or 3 years after discharge
between treatment groups, depending
on the outcome. For mortality, we
used the Kaplan-Meier method to
estimate cumulative incidence and
log-rank tests to assess differences
between groups. For the readmission
outcomes, we estimated cumulative
incidence using the cumulative inci-
dence function, which accounts for
the competing risk of mortality, and
we used Gray tests to assess differ-
ences between groups.19

To address confounding by ob-
served covariates, we used inverse prob-
ability of treatment weighting meth-
ods, a type of propensity score analysis.
Weights are based on results from a
treatment selection model, estimated
using logistic regression with receipt
of aldosterone antagonist therapy as
the dependent variable and the base-
line characteristics—age, sex, race/
ethnicity, anemia, atrial fibrillation,
cerebrovascular accident, chronic
obstructive pulmonary disease, depres-
sion, diabetes mellitus, hyperlipid-
emia, hypertension, ischemic etiol-
ogy, pacemaker, peripheral vascular
disease, renal insufficiency, smoking in
the past year, claims-based history at ad-
mission (chronic liver disease, demen-
tia, disability, malnutrition, psychiat-
ric disorder), heart rate, respiratory rate,
systolic blood pressure, left ventricu-
lar ejection fraction, serum creatinine,
and serum urea nitrogen—as indepen-
dent variables. The weights for each pa-
tient were calculated as the inverse of
the probability of receiving the treat-
ment the patient actually received con-
ditional on observed covariates.20 Af-
ter weighting, we assessed the balance
of baseline characteristics between treat-
ment groups using �2 tests for categori-
cal variables and t tests for continuous
variables and by calculating standard
differences.18

To estimate the association of treat-
ment with each outcome, we used 3 Cox
proportional hazards models. First, we
estimated the unadjusted associations
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Table 1. Baseline Characteristics of the Study Population

Characteristic

Aldosterone Antagonist
at Discharge, No. (%)

P
Value

Standardized
Differencea

Yes
(n = 1070)

No
(n = 4817)

Age, mean (SD), y 76.8 (7.4) 77.8 (7.6) �.001 0.13

Age group, y
65-79 681 (63.6) 2780 (57.7)

�.001 0.12
�80 389 (36.4) 2037 (42.3)

Sex
Women 378 (35.3) 1723 (35.8) .78 0.01

Men 692 (64.7) 3094 (64.2)

Race
Black 149 (13.9) 560 (11.6)

White 857 (80.1) 3940 (81.8) .10 0.07

Other/unknown 64 (6.0) 317 (6.6)

Medical history
Anemia 120 (11.2) 568 (11.8) .60 0.02

Atrial fibrillation 355 (33.2) 1644 (34.1) .55 0.02

Cerebrovascular accident or transient ischemic attack 149 (13.9) 709 (14.7) .51 0.02

Chronic obstructive pulmonary disease 298 (27.9) 1252 (26.0) .21 0.04

Depression 76 (7.1) 330 (6.9) .77 0.01

Diabetes mellitus 426 (39.8) 1834 (38.1) .29 0.04

Hyperlipidemia 490 (45.8) 2344 (48.7) .09 0.06

Hypertension 760 (71.0) 3486 (72.4) .38 0.03

Ischemic etiology of heart failure 760 (71.0) 3614 (75.0) .007 0.09

Pacemaker 206 (19.3) 924 (19.2) .96 0.00

Peripheral vascular disease 116 (10.8) 677 (14.1) .005 0.10

Renal insufficiency 99 (9.3) 591 (12.3) .006 0.10

Smoking in the previous year 150 (14.0) 551 (11.4) .02 0.08

Claims-based history at admission
Chronic liver disease 11 (1.0) 19 (0.4) .009 0.08

Dementia 37 (3.5) 185 (3.8) .55 0.02

Disability 16 (1.5) 65 (1.3) .71 0.01

Malnutrition 18 (1.7) 69 (1.4) .54 0.02

Psychiatric disorder 36 (0.7) .75 0.01

Vital signs at admission
Heart rate, mean (SD), beats/min 85.3 (19.1) 83.7 (19.4) .02 0.08

Heart rate, beats/min
�80 434 (40.6) 2181 (45.3)

80-100 412 (38.5) 1718 (35.7) .03 0.10

�100 224 (20.9) 918 (19.1)

Respiratory rate, breaths/min
�30 1012 (94.6) 4514 (93.7)

.28 0.04
�30 58 (5.4) 303 (6.3)

Blood pressure, mean (SD), mm Hg
Systolic 135 (26.8) 136 (26.6) .06 0.06

�110 178 (16.6) 718 (14.9)

110-150 607 (56.7) 2748 (57.0) .31 0.05

�150 285 (26.6) 1351 (28.0)

Tests at admission
Left ventricular ejection fraction, mean (SD), % 24.6 (7.2) 26.3 (7.1) �.001 0.24

�25% 665 (62.1) 2512 (52.1)
�.001 0.20

�25% 405 (37.9) 2305 (47.9)

Serum creatinine, mean (SD), mg/dL 1.26 (0.40) 1.35 (0.44) �.001 0.20

�1.5 762 (71.2) 3056 (63.4)

1.5-2.0 245 (22.9) 1246 (25.9) �.001 0.20

�2.0 63 (5.9) 515 (10.7)
(continued)
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using models in which the treatment
group was the only variable. Second, we
applied the patient weights when mod-
eling to estimate the inverse-weighted as-
sociation between treatment and out-
come. Again, treatment group was the
only variable in the model. Finally, we
estimated the weighted Cox model,
additionally controlling for medical
therapies at discharge—ACE inhibitor or
ARB, �-blocker, and digoxin—because
these medications were determined af-
ter treatment assignment. Significance
tests and confidence intervals for esti-
mates from all models were based on ro-
bust standard errors to account for the
clustering of patients by hospital. For this
analysis, we report hazard ratios and 95%
CIs. We used �=.05 to determine sta-
tistical significance, and all tests were
2-sided.

In addition to estimating overall
treatment effects, we estimated the
associations of aldosterone antago-
nist therapy in prespecified sub-
groups by adding a subgroup vari-
able and an interaction term between
the subgroup variable and the treat-
ment indicator to the models. We
assessed differences between sub-
groups by testing the significance of
the interaction term. We estimated
the treatment associations in each

subgroup using model contrasts.
Because of the multiple comparisons
in this analysis, we report 99% CIs
and used �=.01 to establish statisti-
cal signif icance. All tests were
2-sided.

Because the discharge prescription
flag recorded in the Get With the
Guidelines-Heart Failure registry was
not a perfect measure of exposure to al-
dosterone antagonist therapy, we per-

formed a sensitivity analysis using
Medicare prescription drug event data
available for a subset of the study popu-
lation. The analysis included patients
discharged between January 1, 2006,
and December 31, 2009, who were en-
rolled in Medicare Part D. We used a
person-time approach to define treat-
ment group.21 We defined the time be-
tween hospital discharge and the date
of the first aldosterone antagonist pre-

Table 2. Cumulative Incidence of Mortality and Readmission

Outcome

Aldosterone Antagonist
at Discharge, No. (Rate)a

P
Value

Yes
(n = 1070)

No
(n = 4817)

All-cause mortality within 3 y, No. (%) 494 (49.9) 2243 (51.2) .62
Cardiovascular readmission within 3 y, No. (%)b 662 (63.8) 2963 (63.9) .65

Heart failure 316 (30.3) 1593 (34.1) .02
Elective arrhythmia control device 68 (6.5) 199 (4.2) .002
Nonelective arrhythmia control device 29 (2.8) 143 (3.1) .63
Acute myocardial infarction 38 (3.7) 205 (4.5) .26
Arrhythmia 53 (5.4) 175 (3.9) .05
Other 158 (15.2) 648 (13.9) .30

Heart failure readmission within 3 y, No. (%) 401 (38.7) 2062 (44.9) �.001
Readmission, No. (%)

Within 30 d with primary diagnosis of hyperkalemiac .007
Within 30 d with any diagnosis of hyperkalemia 31 (2.9) 58 (1.2) �.001
Within 1 y with primary diagnosis of hyperkalemiac 17 (0.4) .07
Within1 y with any diagnosis of hyperkalemia 95 (8.9) 303 (6.3) .002

aValues are expressed as number of events (cumulative incidence per 100 patients at risk).
bSubcategorization of cardiovascular readmission refers to the first readmission.
cEmpty cells indicates fewer than 11 observations.

Table 1. Baseline Characteristics of the Study Population (continued)

Characteristic

Aldosterone Antagonist
at Discharge, No. (%)

P
Value

Standardized
Differencea

Yes
(n = 1070)

No
(n = 4817)

Tests at admission (continued)
Serum urea nitrogen, mg/dL

�20 387 (36.2) 1492 (31.0)

20-50 623 (58.2) 3042 (63.2) .004 0.11

�50 60 (5.6) 283 (5.9)

Medications at discharge
ACE inhibitor 707 (66.1) 2903 (60.3) �.001 0.12

ARB 212 (19.8) 834 (17.3) .05 0.06

ACE inhibitor and/or ARB 901 (84.2) 3681 (76.4) �.001 0.20

�-Blocker 941 (87.9) 4134 (85.8) .07 0.06

Digoxin 421 (39.3) 1260 (26.2) �.001 0.28

Diuretic 885 (82.7) 3751 (77.9) �.001 0.12

Lipid-lowering agent 628 (58.7) 2931 (60.8) .19 0.04

Warfarin 386 (36.1) 1628 (33.8) .16 0.05
Abbreviations: ACE, angiotensin-converting enzyme; ARB, angiotensin II receptor blocker; blank cells indicate fewer than 11 observations.
SI conversion factors: To convert creatinine from mg/dL to 	mol/L, multiply by 88.4 and urea nitrogen from mg/dL to mmol/L, multiply by 0.357.
aCalculated as the difference in means or proportions divided by a pooled estimate of the SD. A standardized difference greater than 0.1 is typically considered meaningful.
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scription as immortal person-time and
classified it as unexposed. We classi-
fied subsequent follow-up time as ex-
posed. We classified all other patients
as unexposed.

We used SAS version 9.2 (SAS Insti-
tute Inc) for all analyses.

RESULTS
In the linked data set, we identified
40 744 patients 65 years or older who
were discharged alive during the
study period and were enrolled in
fee-for-service Medicare. A total of
25 064 patients were discharged
home with a documented history of
heart failure; 7553 of these were eli-
gible for aldosterone antagonist
therapy, 5887 of whom had not been
treated previously. Of the 5887

patients who met the inclusion crite-
ria from 246 hospitals, 1070 received
a prescription for an aldosterone
antagonist at discharge. Compared
with patients who did not meet the
inclusion criteria, patients in the
analysis cohort were younger (77.3
vs 80.3 years) and were more likely
to be men (63.8% vs 41.3%) and to
have ischemic heart failure (74.2% vs
59.5%; P� .001 for all comparisons).

TABLE 1 shows the baseline charac-
teristics of the study population.
Patients in the treated group were
younger, had a lower degree of renal in-
sufficiency, had lower left ventricular
ejection fraction, and were more likely
to receive digoxin and loop diuretics.
Patients in the untreated group were
more likely to have ischemic heart dis-

ease and were less likely to receive other
evidence-based therapies for heart fail-
ure, such as ACE inhibitors or ARBs.

TABLE 2 and the FIGURE show the ob-
served cumulative incidence of the
study outcomes. Rates of all-cause mor-
tality (49.9% vs 51.2%; P=.62) and car-
diovascular readmission (63.8% vs
63.9%; P=.65) were similar between the
treatment groups at 3 years. The cu-
mulative incidence rates of arrhyth-
mia (5.4% vs 3.9%; P=.05) and elec-
tive readmission for an arrhythmia
control device (6.5% vs 4.2%; P=.002)
were higher for the treated group. In
contrast, the cumulative incidence of
the first heart failure readmission was
significantly lower in the treated group
(38.7% vs 44.9%; P� .001). The hy-
perkalemia readmission rates at 30 days

Figure. Cumulative Incidence of Mortality, Cardiovascular Readmission, Heart Failure Readmission, and Hyperkalemia Readmission
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(2.9% vs 1.2%; P� .001) and 1 year
(8.9% vs 6.3%; P=.002) were higher
in the treated group; however, hyper-
kalemia was seldom the primary
diagnosis for these readmissions, and
the absolute increase in hyperkale-
mia as a primary diagnosis was small.

TABLE 3 shows the baseline charac-
teristics of the study population after
application of inverse probability
weights. eTable 1, available at http:
//www.jama.com, shows the results of
the treatment selection model. There
were no significant differences be-
tween groups, except that patients in
the treated group were more likely to
be discharged with ACE inhibitors or
ARBs, diuretics, and digoxin.

TABLE 4 shows the estimated asso-
ciations between aldosterone antago-
nist therapy and the study outcomes.
In the unadjusted analysis, treatment
was associated with a lower hazard of
heart failure readmission but a higher
hazard of hyperkalemia readmission, ar-
rhythmia readmission, and readmis-
sion for an elective arrhythmia con-
trol device. After inverse weighting for
the probability of treatment, there were
no significant differences in the haz-
ards of all-cause mortality or cardio-
vascular readmission. However, the
hazard of heart failure readmission was
significantly lower in the treated group
in the inverse probability-weighted
analysis. Finally, readmission associ-
ated with hyperkalemia was higher with
aldosterone antagonist therapy within
30 days after discharge (2.54; 95% CI,
1.51-4.29; P� .001) and within 1 year
after discharge (1.50; 95% CI, 1.23-
1.84; P� .001). The results were simi-
lar after further adjustment for pre-
scription of other medications at
discharge.

In subgroup analyses (eTable 2), pa-
tients older than 80 years in the aldo-
sterone antagonist treatment group had
a lower risk of death. For cardiovascu-
lar and heart failure readmission, there
was a significantly lower adjusted risk
in patients 80 years and older in the
treated group. In the subgroup of pa-
tients treated with digoxin, there were
trends toward aldosterone antagonist ef-

fectiveness for cardiovascular readmis-
sion; the interaction term between al-
dosterone antagonist therapy and
digoxin was statistically significant.
Otherwise, there were no significant
subgroup interactions in the risk-
adjusted results. In the sensitivity analy-
sis among patients with a Medicare Part
D claim (eTable 3), the results were
similar to those in the primary analy-
sis, but the CIs were wider because of
the smaller sample size.

COMMENT
Ours is among the largest clinical ef-
fectiveness studies of aldosterone an-
tagonist therapy in eligible older pa-
tients hospitalized with heart failure and
reduced ejection fraction. Overall, we
found no significant differences in mor-
tality or cardiovascular readmission be-
tween treated and untreated patients af-
ter adjustment for propensity of use,
risk factors, and use of other medica-
tions. However, we found a signifi-
cantly lower risk for first readmission
for heart failure among treated pa-
tients. Treated patients had a higher risk
of readmission with hyperkalemia, pri-
marily in the first few weeks after dis-
charge from the index hospitalization.

Although the pivotal efficacy trials
and a systematic review of random-
ized trials reported impressive ben-
efits of aldosterone antagonist therapy,
questions remain about how well those
benefits translate into clinical prac-
tice.2,3,22 Observational comparative ef-
fectiveness research may have an im-
portant role in informing clinical
decision making when gaps in evi-
dence exist.23 Patient populations,
monitoring, and procedures in clini-
cal trial settings differ from those in
clinical practice settings, and under-
standing whether real-world effective-
ness matches the efficacy demon-
strated in clinical trials is an important
element in a continuously learning
health care system.10 In addition, there
remains persistent exclusion of older
patients and those with some comor-
bid conditions from clinical trials.24 By
using a large national registry of pa-
tients hospitalized with heart failure,

our analysis provides insight into the
effectiveness of aldosterone antago-
nist therapy in clinical practice among
older patients, many of whom have
multiple comorbid conditions and are
underrepresented in clinical trials.

Our study differs from the 3 pivotal
efficacy trials of aldosterone antago-
nists in several ways.2,3,25 The study was
observational and therefore is subject
to confounding. The population was
from a hospitalized cohort of patients
who were significantly older and more
likely to have renal impairment, dia-
betes mellitus, and other comorbid con-
ditions. The clinical trials had rigor-
ous follow-up to ensure adherence to
medical therapy, as well as close am-
bulatory follow-up to detect hyperka-
lemia. In trials, patients and their phy-
sicians are encouraged to maintain
adherence and nonstudy aldosterone
use is discouraged. The general qual-
ity of the sites and treating physicians
in the trials may have differed from
those participating in our inclusive
community registry. Despite these dif-
ferences, the 3-year mortality rate of
51.0% that we observed is similar to the
rate observed in the Randomized Al-
dactone Evaluation Study.3 However,
the risk-adjusted effectiveness of aldo-
sterone antagonist therapy in our study
did not mirror the findings of the effi-
cacy studies, with the exception of the
higher risk of hyperkalemia.

A potential explanation for our find-
ings is that aldosterone antagonists have
limited effectiveness regarding mortal-
ity in real-world settings among older
patients. One potential reason for lim-
ited effectiveness may be a lack of ad-
herence to or persistence with therapy.
However, an analysis of medication per-
sistence in a similar cohort of patients
enrolled in Medicare Part D found a
comparatively high persistence rate
(L.H.C., unpublished data, 2012). An-
other potential reason for limited ef-
fectiveness may be that aldosterone an-
tagonists are less effective and less safe
as dosed and monitored in clinical prac-
tice. Previous studies have suggested
higher rates of hyperkalemia and re-
nal insufficiency in clinical practice than
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Table 3. Baseline Characteristics of the Study Population After Application of Inverse Probability Weights

Characteristic

Aldosterone Antagonist
at Discharge, No. (%)

P
Value

Standardized
Differencea

Yes
(n = 1070)

No
(n = 4817)

Age, mean (SD), y 77.6 (7.5) 77.6 (7.6) .86 0.01

Age group, y
65-79 635 (59.5) 2828 (58.7)

.64 0.02
�80 432 (40.5) 1989 (41.3)

Sex
Women 383 (35.9) 1720 (35.7)

.89 0.00
Men 684 (64.1) 3098 (64.3)

Race
Black 132 (12.3) 582 (12.1)

White 864 (81.0) 3923 (81.4) .94 0.01

Other/unknown 71 (6.7) 312 (6.5)

Medical history
Anemia 126 (11.8) 563 (11.7) .94 0.00

Atrial fibrillation 363 (34.0) 1636 (34.0) .98 0.00

Cerebrovascular accident or transient ischemic attack 155 (14.5) 702 (14.6) .95 0.00

Chronic obstructive pulmonary disease 273 (25.6) 1266 (26.3) .62 0.02

Depression 75 (7.0) 333 (6.9) .88 0.00

Diabetes mellitus 414 (38.8) 1851 (38.4) .79 0.01

Hyperlipidemia 509 (47.7) 2319 (48.1) .81 0.01

Hypertension 774 (72.6) 3476 (72.2) .79 0.01

Ischemic etiology 796 (74.6) 3580 (74.3) .86 0.01

Pacemaker 209 (19.6) 926 (19.2) .80 0.01

Peripheral vascular disease 142 (13.3) 649 (13.5) .86 0.01

Renal insufficiency 121 (11.3) 565 (11.7) .72 0.01

Smoking in the previous year 126 (11.8) 573 (11.9) .93 0.00

Claims-based history at admission
Chronic liver disease 24 (0.5) .99 0.00

Dementia 40 (3.7) 181 (3.8) .97 0.00

Disability 16 (1.5) 66 (1.4) .72 0.01

Malnutrition 15 (1.4) 71 (1.5) .78 0.01

Psychiatric disorder 35 (0.7) .84 0.01

Vital signs at admission
Heart rate, mean (SD), beats/min 83.9 (18.8) 84.0 (19.5) .88 0.01

Heart rate, beats/min
�80 478 (44.8) 2141 (44.4)

80-100 386 (36.1) 1743 (36.2) .97 0.01

�100 204 (19.1) 934 (19.4)

Respiratory rate, breaths/min
�30 1002 (94.0) 4522 (93.9)

.93 0.00
�30 65 (6.0) 295 (6.1)

Blood pressure, mean (SD), mm Hg 135 (26.9) 136 (26.6) .58 0.02

Systolic
�110 161 (15.1) 732 (15.2)

110-150 608 (57.0) 2746 (57.0) �.99 0.00

�150 298 (27.9) 1339 (27.8)

Tests at admission
Left ventricular ejection fraction, mean (SD), % 25.9 (7.0) 26.0 (7.2) .70 0.01

�25 585 (54.8) 2596 (53.9)
.59 0.02

�25 482 (45.2) 2221 (46.1)

Serum creatinine, mean (SD), mg/dL 1.32 (0.43) 1.33 (0.43) .20 0.04

�1.5 696 (65.2) 3124 (64.9)

1.5-2.0 271 (25.4) 1220 (25.3) .89 0.02

�2.0 99 (9.3) 472 (9.8)
(continued)
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in clinical trials.9 Moreover, many pa-
tients with heart failure who begin al-
dosterone antagonist therapy in clini-
cal practice do not undergo monitoring
consistent with guideline recommen-
dations.1 Excess risks associated with
undetected hyperkalemia and wors-
ened renal function may have offset
the mortality benefit of aldosterone

antagonist therapy in our study
population.

Alternative explanations for the dif-
ferences between our observations and
previous findings include unmeasured
confounding, residual confounding, and
selection bias. Guidelines only recom-
mend aldosterone antagonist therapy for
patients with moderate to severe heart

failure symptoms; therefore, there may
have been treatment-selection bias for
which we could not adequately adjust.
Even after we applied inverse probabil-
ity weights, treated patients were more
likely than untreated patients to receive
digoxin at discharge—another therapy
that is differentially prescribed to pa-
tients with more severe heart failure.

Table 4. Associations Between Aldosterone Antagonist Therapy and Study Outcomes

Outcome

Association With Aldosterone Antagonist Therapya

Unadjusted Inverse-Weighted
Inverse-Weighted

and Adjustedb

HR (95% CI)
P

Value HR (95% CI)
P

Value HR (95% CI)
P

Value

All-cause mortality within 3 y 0.98 (0.90-1.06) .58 1.04 (0.96-1.14) .32 1.05 (0.97-1.15) .23

Cardiovascular readmission within 3 yc 0.99 (0.91-1.08) .90 1.00 (0.91-1.09) .94 1.01 (0.92-1.11) .83

Heart failure 0.87 (0.76-0.99) .04 0.90 (0.78-1.02) .10 0.91 (0.80-1.04) .18

Elective arrhythmia control device 1.56 (1.11-2.20) .01 1.42 (0.98-2.05) .06 1.39 (0.96-2.00) .08

Nonelective arrhythmia control device 0.91 (0.61-1.36) .64 0.91 (0.60-1.36) .64 0.89 (0.59-1.33) .57

Acute myocardial 0.83 (0.59-1.15) .26 0.90 (0.63-1.28) .56 0.92 (0.65-1.32) .67

Arrhythmia 1.36 (1.00-1.84) .05 1.29 (0.93-1.81) .13 1.31 (0.92-1.86) .13

Other 1.10 (0.92-1.30) .29 1.11 (0.93-1.33) .25 1.12 (0.94-1.34) .22

Heart failure readmission within 3 y 0.84 (0.75-0.94) .002 0.87 (0.77-0.98) .02 0.88 (0.78-0.99) .04

Hyperkalemia readmission
Primary diagnosis within 30 d 6.02 (1.57-23.09) .009 5.61 (1.34-23.45) .02 5.96 (1.31-27.15) .02

Any diagnosis within 30 d 2.43 (1.46-4.05) �.001 2.54 (1.51-4.29) �.001 2.51 (1.45-4.34) .001

Primary diagnosis within 1 y 2.14 (0.98-4.66) .06 2.12 (0.95-4.74) .07 2.10 (0.91-4.84) .08

Any diagnosis within 1 y 1.44 (1.19-1.75) �.001 1.50 (1.23-1.84) �.001 1.48 (1.20-1.84) �.001
Abbreviation: HR, hazard ratio.
aFrom Cox proportional hazards models comparing aldosterone antagonist therapy at discharge with no aldosterone antagonist therapy at discharge.
bAfter adjustment for prescription of angiotensin-converting enzyme inhibitor or angiotensin receptor blocker, �-blocker, or digoxin.
cSubcategorization of cardiovascular readmission refers to the first readmission.

Table 3. Baseline Characteristics of the Study Population After Application of Inverse Probability Weights (continued)

Characteristic

Aldosterone Antagonist
at Discharge, No. (%)

P
Value

Standardized
Differencea

Yes
(n = 1070)

No
(n = 4817)

Tests at admission (continued)
Serum urea nitrogen, mg/dL

�20 347 (32.5) 1539 (31.9)

20-50 660 (61.9) 2998 (62.2) .90 0.02

�50 60 (5.6) 280 (5.8)

Medications at discharge
ACE inhibitor 691 (64.7) 2924 (60.7) .01 0.08

ARB 211 (19.8) 829 (17.2) .05 0.07

ACE inhibitor and/or ARB 883 (82.8) 3698 (76.8) �.001 0.15

�-Blocker 932 (87.4) 4137 (85.9) .20 0.04

Digoxin 401 (37.6) 1270 (26.4) �.001 0.24

Diuretic 884 (82.9) 3744 (77.7) �.001 0.13

Lipid-lowering agent 644 (60.3) 2919 (60.6) .88 0.01

Warfarin 381 (35.7) 1627 (33.8) .22 0.04
Abbreviations: ACE, angiotensin-converting enzyme; ARB, angiotensin II receptor blocker; blank cells indicate fewer than 11 observations.
SI conversion factors: To convert creatinine from mg/dL t 	mol/L, multiply by 88.4 and urea nitrogen from mg/dL to mmol/L, multiply by 0.357.
aCalculated as the difference in means or proportions divided by a pooled estimate of the SD. A standardized difference greater than 0.1 is typically considered meaningful.
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Observational studies have pro-
duced mixed results regarding associa-
tions between aldosterone antagonist
therapy and outcomes. An analysis of
data from the Registry to Improve the
Use of Evidence-Based Heart Failure
Therapies in the Outpatient Setting
found nonsignificant higher odds of
mortality at 2 years with aldosterone
antagonist therapy. A nested case-
control analysis from the same regis-
try found no difference in risk-adjusted
mortality.26,27 In contrast, a study of 946
patients hospitalized in Japan with heart
failure and reduced ejection fraction
found a nearly 40% lower risk of mor-
tality with aldosterone antagonist
therapy.28 A hospital-level analysis of
Organized Program to Initiate Lifesav-
ing Treatment in Hospitalized Pa-
tients with Heart Failure data linked to
Medicare claims—which may have
been better able to limit confounding—
suggested a benefit with greater use of
aldosterone antagonists at hospital dis-
charge.29 Each of these studies dif-
fered from our study in important ways
with regard to study population or
methodology.

Our findings highlight the impor-
tance of conducting clinical trials that
can be easily generalized to real-world
practice and in which the most vulner-
able patient groups are well repre-
sented. In clinical practice, rigorous
protocols for aldosterone antagonist
therapy could be established to ensure
appropriate patient selection, correct
dosing, and early follow-up visits to
screen for hyperkalemia. Periodic as-
sessment for medication adherence is
also important. Developing protocols
and systems that encourage optimal use
and monitoring of aldosterone antago-
nist therapy may help to ensure that the
effectiveness of this therapy in clinical
practice approaches the efficacy
achieved in clinical trials.

Consistent with best-practice guide-
lines for comparative effectiveness re-
search, our study included a priori speci-
fications of objectives and design,30,31 and
the study design underwent indepen-
dent peer review.11 Nevertheless, our
study has some limitations. We could

not eliminate the possibility of selec-
tion bias and residual confounding.32

Several clinical variables that are likely
to be associated with aldosterone an-
tagonist use and clinical outcomes were
not available, including New York Heart
Association functional classification,
symptom severity, degree of conges-
tion, stability of renal function, and dos-
ing of loop diuretics. We also could not
account for socioeconomic status, edu-
cational level, and health literacy. The
population consisted of older patients
enrolled in fee-for-service Medicare, so
the findings may not be generalizable to
all patients with heart failure and re-
duced ejection fraction. Finally, the Get
With the Guidelines-Heart Failure reg-
istry is a voluntary quality-improve-
ment program and may not be repre-
sentative of all hospitals.

CONCLUSIONS
In this study, initiation of aldosterone
antagonist therapy at hospital dis-
charge was not independently associ-
ated with improved mortality or car-
diovascular readmission among eligible
older patients with heart failure and re-
duced ejection fraction but was asso-
ciated with a modest reduction in the
risk of hospitalization for heart fail-
ure. There was a slight absolute in-
crease in readmission with hyperkale-
mia as the primary diagnosis, and there
was a significant increase in readmis-
sion risk with hyperkalemia as with any
diagnosis early after hospital dis-
charge. Strict protocols for careful
monitoring and early follow-up after
initiation of aldosterone antagonist
therapy are needed. Additional re-
search is needed to evaluate the clini-
cal effectiveness of aldosterone antago-
nists in the broad population of patients
with heart failure and to identify strat-
egies to overcome disparities between
findings of clinical efficacy and clini-
cal effectiveness.
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