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Abstract

Aims The aim of this study is to use six previously described heart failure with preserved ejection fraction (HFpEF) pheno-
types to describe differences in (i) the biological response to spironolactone, (ii) clinical endpoints, and (iii) patient-reported
health status by HFpEF phenotype and treatment arm in the Treatment of Preserved Cardiac Function Heart Failure with an
Aldosterone Antagonist Trial (TOPCAT).
Methods and results We analysed 1767 patients in TOPCAT from the Americas. Using 11 clinical variables, patients were
classified according to six HFpEF phenotypes previously identified in the I-PRESERVE and CHARM-Preserved studies. Kansas
City Cardiomyopathy Questionnaire (KCCQ) measured health status. All phenotypes showed increase in potassium with
spironolactone, although only three phenotypes showed significant increase in creatinine, and two phenotypes showed signif-
icant decrease in systolic blood pressure. Rate of the TOPCAT primary outcome (cardiovascular death, aborted cardiac arrest,
or heart failure hospitalization) differed by HFpEF phenotype (P < 0.001) but not by treatment arm within each HFpEF phe-
notype. Baseline KCCQ score differed by HFpEF phenotype (P < 0.001), although some phenotypes with poor health status
had lower rates of the TOPCAT primary outcome, and some phenotypes with better health status had higher rates of the
TOPCAT primary outcome. However, within 3/6 phenotypes, higher baseline KCCQ score was associated with lower risk of
the TOPCAT primary outcome. Change in KCCQ scores at 4 and 12 months did not differ among HFpEF phenotypes overall
or by treatment arm.
Conclusions Complex, data-driven HFpEF phenotypes differ according to biological response to spironolactone, baseline
health status, and clinical endpoints. These differences may inform the design of targeted clinical trials focusing on improve-
ment in outcomes most relevant for specific HFpEF phenotypes.
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Introduction

Despite tremendous effort and expense, there are currently
no evidence-based treatments for improving mortality or re-
ducing hospitalization in patients with heart failure with pre-
served ejection fraction (HFpEF).1,2 Among the likely reasons
for the disappointing results of numerous clinical trials are
marked clinical and physiologic heterogeneity among patients

with HFpEF.3 A more nuanced understanding of HFpEF sub-
populations may help target new interventions to improving
specific outcomes most relevant to each phenotype. For
example, in phenotypes with poor health status but low
adverse clinical event rates like hospitalization or death, ef-
fective treatment response might be defined as improvement
in symptom burden rather than improving survival and reduc-
ing hospitalization.
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Existing frameworks for categorizing patients with HFpEF
generally focus on comorbidity burden.4 Such classifications
are clinically salient but may oversimplify the complex and of-
ten overlapping physiology of patients with HFpEF.5 To ad-
dress this issue, our group built upon previously described
HFpEF frameworks by defining distinct cluster-based HFpEF
phenotypes and examining clinical endpoints using I-
PRESERVE and CHARM-Preserved,6–8 the two largest HFpEF in-
tervention trials to date. These phenotypes were identified
using latent class analysis of 11 demographic, clinical, and lab-
oratory variables widely available in routine clinical practice.
These six phenotypes had significantly different rates of hospi-
talization and mortality in both derivation and validation co-
horts even when adjusted for individual cluster component
variables. This suggests that the specific cluster of clinical fea-
tures that define each phenotype is a clinically useful beyond
the individual clinical features.6

The Treatment of Preserved Cardiac Function Heart Failure
with an Aldosterone Antagonist Trial (TOPCAT) trial tested the
hypothesis that the aldosterone antagonist spironolactone
would improve a composite primary outcome of cardiovascu-
lar (CV) mortality, hospitalization for HF, and aborted sudden
cardiac death (TOPCAT primary outcome) in patients with
HFpEF.9 Overall TOPCAT showed no significant reduction in
the primary outcome associated with spironolactone vs. pla-
cebo, but there was a signal for efficacy of spironolactone in
patients enrolled in the Americas.10 In the current study, we
aimed to (i) validate our group’s prior observations regarding
characteristics and outcomes according to previously identi-
fied data-driven HFpEF phenotypes in this distinct HFpEF clin-
ical trial population, (ii) characterize phenotype-specific
biological response (i.e. change in blood pressure and serum
potassium and creatinine over time) to spironolactone in the
treatment vs. placebo arms within each phenotype, and (iii)
determinewhether HF-specific health status differed by HFpEF
phenotype and treatment arm at baseline, over time, and
whether the prognostic value of HF-specific health status dif-
fered by phenotype. Our hypothesis was that complex HFpEF
phenotypes show differences in biologic response, health sta-
tus, clinical outcomes, and treatment response, which may
help target treatments and clinical trials to outcomes that
are most relevant to each phenotype.

Methods

Data source

Data from the TOPCAT were obtained from the National
Heart, Lung, and Blood Instistute’s BioLINCC resource.11 The
methods and primary results of the trial are published else-
where.9 Briefly, TOPCAT enrolled 3445 patients at 233 sites
in six countries (USA, Canada, Brazil, Argentina, Russia, and

Georgia). Enrolment criteria included age ≥50 years, left ven-
tricular ejection fraction ≥45%, and hospitalization for HF (not
adjudicated) in the past 12 months or elevated BNP in the
past 6 months. The primary outcome was a composite of
death from CV causes, aborted sudden cardiac death, or hos-
pitalization for HF. Components of the TOPCAT primary out-
come were adjudicated by a clinical endpoints committee
according to prespecified criteria. The primary outcome was
numerically but not significantly different between the
spironolactone and placebo arms of the trial, although
spironolactone was associated with reduced risk of hospitali-
zations for HF.9

In post hoc analyses, there appeared to be a difference in
the rate of the primary outcome between the spironolactone
and placebo arms in patients enrolled from the Americas,
but not from Russia and Georgia.12 On further examination,
there were significant concerns over whether patients en-
rolled in Russia and Georgia truly had HF based upon (i) high
enrolment in these countries using the unadjudicated inclu-
sion criterion of HF hospitalization, (ii) very low event rates
in patients enrolled in Russia and Georgia compared with the
Americas, and (iii) high prevalence of normal BNP values in a
substudy mandated by the TOPCAT Data Safety and Monitor-
ing Board.12 Furthermore, longitudinal analysis of potassium,
creatinine, and systolic blood pressure and metabolites of
spironolactone suggested poor adherence to the study drug
in participants from Russia and Georgia.10,13,14 Consequently,
the current analysis will focus only on patients from the
Americas, similar to other investigators.15,16

Clinical outcomes

The TOPCAT primary outcome served as our primary outcome.
Secondary outcomes in the current analysis include the I-
PRESERVE composite primary outcome (all-cause mortality
and CV hospitalization)8 used in the phenotype derivation
(I-PRESERVE) and validation (CHARM-Preserved) cohorts to
validate previously observed outcome differences between
HFpEF phenotypes.6 Other secondary outcomes included all-
cause, CV, HF, and non-CV hospitalizations.

Measurements

Blood pressure, serum creatinine, and serum potassium were
analysed at baseline, 1, 2, 4, 8, 12, and 24months. HF-specific
health status was measured using the Kansas City Cardiomy-
opathy Questionnaire (KCCQ).17 The KCCQ is a 23-question
HF-specific health status tool that measures responses in five
domains: total symptom burden, social limitation, physical
limitation, self-efficacy, and quality of life. These domains
are incorporated into the KCCQ overall summary score, all
of which are expressed as a range from 0 to 100 with lower
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scores indicating worse health status.17 Although the KCCQ
was derived and validated in patients with heart failure with
reduced ejection fraction, it has similar distribution, internal
consistency (Cronbach’s alpha 0.96), and validity (correlation
with New York Heart Association scale r = �0.62, P < 0.001)
in patients with HFpEF.18 The KCCQ is also predictive of death
and hospitalization in HFpEF patients.18 KCCQ was collected
at baseline, 4, 12, 24, 36, and 48 months.

Valvular heart disease (VHD) was defined as moderate or
severe valvular regurgitation or stenosis. Sex and presence
of atrial fibrillation, diabetes, coronary artery disease, and hy-
perlipidaemia were collected at study entry by patient report.
Age was calculated at study enrolment based on patient-
reported date of birth and was divided into the following cat-
egories: 60–70, 71–80, and >80 years old. Haemoglobin was
measured via blood test at study enrolment and divided into
the following categories: <6.7, 6.8–10.0, 10.1–13.3, 13.4–
16.7, and >16.8 g/dL. Creatinine was measured via blood test
at study enrolment and used to calculating estimated glomer-
ular filtration rate from the Chronic Kidney Disease Epidemiol-
ogy Collaboration equation.19 Patients were categorized into
CKD stages 1–5 based on standard definitions.20 Body mass in-
dex (BMI) was calculated from height and weight measured at
study entry physical exam, and divided into categories based
on the World Health Organization Classification of under-
weight, normal weight, overweight and obese (http://www.
euro.who.int/en/health-topics/disease-prevention/nutrition/
a-healthy-lifestyle/body-mass-index-bmi). Alcohol use was
assessed at study entry based on the question ‘how many al-
coholic drinks has the subject consumed?’ We dichotomized
the result into any alcohol use vs. none.

Statistical analysis

For a full description of how the HFpEF phenotypes were de-
rived and validated, please see Kao et al and Supporting Infor-
mation, Table S1 with that publication.6 Briefly, the derivation
of the original phenotypes from the I-PRESERVE data was
achieved using latent class analysis with the poLCA library in
the R statistical package (v 2.15.1; R Foundation for Statistical
Computing, Vienna, Australia). Latent class definitions were
derived using maximum likelihood estimation to identify the
most common patterns among 11 variables that are clinically
relevant and easy to obtain in routine clinical care. The optimal
number of subgroups was determined using the first minima
of the Beysian information criterion and χ2 statistic. Through
this process, each of the 11 clinical variables used to create
the phenotypes was assigned a coefficient. These coefficients
were applied to each Americas TOPCAT participant, resulting
in the probability of a given patient belonging to each class.
TOPCAT participants were assigned to the phenotype for
which they had the highest probability of membership.

Differences between baseline demographic, clinical, and
health status values by HFpEF phenotype were assessed
by Kruskal–Wallis and χ2 tests for continuous and categori-
cal variables, respectively. All survival curves were con-
structed using the Kaplan–Meier method. After confirming
the proportional hazards assumption for phenotype and
treatment arm, differences in time-to-event between
phenotypes (both unadjusted and adjusted for the clinical
variables used to construct the phenotypes) were assessed
using Cox proportional hazards models. All analyses were
performed using R (v3.3.0; R Foundation for Statistical
Computing, Vienna, Austria).

Results

HFpEF phenotypes

Characteristics of patients enrolled in the Americas stratified
by the six HFpEF phenotypes are shown in Table 1. The pro-
portion of patients falling into each phenotype differed in
TOPCAT compared with the previous derivation (I-PRESERVE)
and validation (CHARM-Preserved) cohorts, although clinical
profiles of each phenotype were similar. Overlap between
the phenotypes is low. Figure S1 shows the probability of
HFpEF phenotype membership by HFpEF phenotype and
shows that participants assigned to Phenotypes A, C, D, E,
and F had a relatively high probability of membership in their
assigned phenotype. However, some participants assigned to
Phenotype B also had a moderate probability of belonging to
Phenotype D, suggesting some overlap between Phenotypes
B and D.

As described previously,6 Phenotypes A and E are notable
for being all male patients, whereas Phenotypes B and D are
composed of mostly female patients. Phenotype A had youn-
ger male patients (mean age 62) who were obese (mean BMI
35) (i.e. younger, obese men phenotype). Phenotype B had
the youngest mean age of the phenotypes (61 years old) and
reported the highest number of metabolic equivalents of all
the phenotypes (i.e. younger, active women phenotype). Phe-
notype C is notable for having nearly ubiquitous prevalence of
obesity, diabetes, and hypertension (i.e. metabolic syndrome
phenotype). Phenotype D had older women (mean age 72)
with the second highest proportion of diabetes and VHD
among the phenotypes (i.e. older, diabetic women with VHD
phenotype). Phenotype E had oldermen (mean age 76) and re-
ported the highest alcohol use among the phenotypes (i.e.
older male alcohol users phenotype). Patients in Phenotype F
were mostly female, had the oldest mean age of the pheno-
types (83 years old), the highest prevalence of atrial fibrilla-
tion, and had the lowest BMI and haemoglobin values (i.e.
frail older women phenotype). For further details, see Tables
1 and 2.
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Overall KCCQ score and all KCCQ subscores with the ex-
ception of the symptom stability score varied significantly
by phenotype. Phenotypes B (younger, active women) and
C (metabolic syndrome) had the worst baseline health sta-
tus (overall KCCQ score 53.1 ± 23.2 and 53.0 ± 23.5, re-
spectively), whereas Phenotype E (older male alcohol
users) had the best baseline health status (overall KCCQ
score 68.1 ± 22.8). This pattern was consistent through all
KCCQ subscores (Figure S2 and Table S1).

Biological response to spironolactone by HFpEF
phenotype

Over 2 years of follow-up, potassium levels were consis-
tently higher in the spironolactone vs. placebo group in all
six phenotypes (Figure 1A). However, only Phenotypes C
(metabolic syndrome), D (older, diabetic women with
VHD), and F (frail, older women) had consistently higher cre-
atinine in the spironolactone vs. placebo group over time

Table 2 Summary of pertinent clinical, health status, and outcome data by heart failure with preserved ejection fraction phenotype. Data
presented as mean ± standard deviation.

Phenotype Pertinent characteristics

A (younger, obese men) ● Age 61.6 ± 5.4 years
● BMI 35.0 ± 7.7
● 100% male
● Large improvement in KCCQ from baseline to 12 months (+12.4 ± 20.6)
● KCCQ is mildly lower than expected for prognosis:
○ Moderate KCCQ score (mean 59.3 ± 24.6)
○ Good overall prognosis [33 events in 20% of patients; HR 1.0 (reference) based on TOPCAT primary
outcome]

B (younger, active women) ● Mean age 60.7 ± 6.0
● 86% female
● Phenotype with the highest mean METs/week (12.1 ± 24.6)
● Large improvement in KCCQ from baseline to 12 months (+13.9 ± 23.9)
● KCCQ is much lower than expected for prognosis:
○ Poor baseline KCCQ with mean 53.1 ± 23.2
○ Excellent overall prognosis [25 events in 17% of patients; HR 0.85 (0.51–1.45) (Phenotype A reference)
based on TOPCAT primary outcome]

C (metabolic syndrome) ● Obesity (89% have BMI > 30)
● Hypertension (96%)
● Hyperlipidaemia (91%)
● 66% male
● Compared with placebo, increased potassium, and creatinine response to spironolactone but
inconsistent BP response to spironolactone
● KCCQ and prognosis are concordantly poor:
○ Poor baseline KCCQ (mean 53.0 ± 23.5)
○ Poorest prognosis of the phenotypes [215 events in 40% of patients; HR 2.20 (1.52–3.17) (Phenotype
A reference) based on TOPCAT primary outcome]

D (older, diabetic women with
VHD)

● Mean age 72.3 ± 7.0
● 100% female
● Diabetes (42%)
● Valvular heart disease (24%)
● Consistently elevated creatinine and potassium and lower blood pressure in the spironolactone vs.
placebo arm throughout the study
● KCCQ is mildly lower than expected for prognosis:
○ Moderate KCCQ score (mean 58.2 ± 21.1)
○ Good prognosis [64 events in 21% of patients; HR 0.97 (0.64–1.48) (Phenotype A reference) based on
TOPCAT primary outcome]

E (older male alcohol users) ● Mean age 75.6 ± 6.3
● 100% male
● Phenotype with the highest alcohol use (43%)
● KCCQ is mildly higher than expected for prognosis:
Phenotype with the highest KCCQ score (mean 68.2 ± 22.8) and good prognosis [75 events in 25% of
patients; HR 1.26 (0.84–1.90) (Phenotype A reference) based on TOPCAT primary outcome]

F (frail older women) ● Phenotype with the oldest mean age (82.7 ± 5.6)
● 68% female
● Phenotype with the lowest mean BMI (28.5 ± 6.7) and hemoglobin (12.3 ± 1.5)
● KCCQ and prognosis are concordant and moderately reduced:
○ Baseline KCCQ mean 59.2 ± 22.3
○ 110 events, 34% of patients; HR 1.83 (1.24–2.79) (Phenotype A reference) based on TOPCAT primary
outcome

BMI, body mass index; BP, blood pressure; HR, hazard ratio; KCCQ, Kansas City Cardiomyopathy Questionnaire; METs, metabolic equiva-
lents; TOPCAT, Treatment of Preserved Cardiac Function Heart Failure with an Aldosterone Antagonist Trial; VHD, valvular heart disease.
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(Figure 1B). Blood pressure was consistently lower in the
spironolactone arm in Phenotypes B (younger, active
women) and D (older, diabetic women with VHD) only
(Figure 1C).

Mortality and hospitalization outcomes by HFpEF
phenotype and treatment arm

Similar to the original derivation and validation cohorts,6 the
HFpEF phenotypes in TOPCAT differed significantly in risk of
the TOPCAT primary outcome and the I-PRESERVE primary
outcome (all-cause mortality or CV hospitalization) (Figure

2A, Table S5). Overall, there was a significant reduction in
the TOPCAT primary outcome [hazard ratio (HR) 0.82, P =
0.025] in the spironolactone vs. placebo arm and a nonsignif-
icant trend toward reduction in the I-PRESERVE primary
outcome (HR 0.86, P = 0.056). There were no significant re-
ductions in either TOPCAT or I-PRESERVE primary outcomes
associated with spironolactone when stratified by HFpEF
phenotype (data not shown). Similar results were seen for
all-cause mortality (data not shown).

All-cause hospitalization, CV hospitalization, HF hospitaliza-
tion, and non-CV hospitalization all differed significantly by
HFpEF phenotypes (Figure 2B; P < 0.0001 for all four hospi-
talization outcomes). Phenotype B (younger, active females

Figure 1 Changes in (A) serum potassium, (B) serum creatinine, and (C) systolic blood pressure (SBP) by HFpEF phenotype and treatment arm.
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patients) had the lowest rate of all four hospitalization out-
comes (all-cause 45.2%, CV 30.1%, HF 11.0%, and non-CV
28.8%), whereas Phenotype C (metabolic syndrome) had
the highest rate of all-cause hospitalization (68.8%), CV
(48.7%), and HF hospitalizations (32.7%), and Phenotype F
(frail, older women) had the highest rate of non-CV hospital-
ization (49.2%). The spironolactone arm had significantly
fewer HF hospitalizations than the placebo arm (HR 0.81, P
= 0.04) overall. No other hospitalization outcomes differed
by treatment group. Hospitalization outcomes were not

significantly different between spironolactone vs. placebo
within each HFpEF phenotype.

Models adjusted for the 11 clinical variables used to con-
struct the HFpEF phenotypes were still significantly predictive
of the TOPCAT primary outcome (Table S3). The clinical
variables that were strongly associated with TOPCAT primary
outcome in these adjusted models were sex, diabetes,
haemoglobin, and renal function. When models of the clinical
variables used to construct the phenotypes were performed
within each phenotype, the models for Phenotypes C

Figure 1 Continued
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(metabolic syndrome phenotype) and F (frail older women
phenotype) were statistically significant. In general, the most
predictive variables across phenotypes were age (Phenotypes
B—younger active women and F), diabetes (Phenotypes B
and D—older, diabetic women with valvular heart disease),
sex (Phenotype C), haemoglobin (Phenotype C, E—older male
alcohol users and F), renal function (Phenotype C), coronary

artery disease (Phenotype D), and valvular heart disease
(Phenotype F).

HFpEF phenotypes and health status

All phenotypes had a significant improvement in KCCQ over-
all summary score at 4 and 12 months compared with

Figure 1.

Figure 1 Continued
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baseline (Figure S4A). This was driven entirely by change
from baseline to 4 months, as there were no significant
changes in KCCQ score from 4 to 12 months in any pheno-
type. The phenotype with the most improvement in KCCQ
over 4 months was B (younger active women) (KCCQ in-
crease of 11.5 ± 18.9, P < 0.001). In general, Phenotypes

A (younger obese men), B (younger active women), and E
(older male alcohol users) had better absolute KCCQ scores
over time compared with Phenotypes C (metabolic syn-
drome), D (older, diabetic women with VHD), and F (frail,
older women). This was primarily driven by improvements
in the quality of life and social limitation scores in

Figure 2 A. Association of HFpEF phenotypes with time to Treatment of Preserved Cardiac Function Heart Failure with an Aldosterone Antagonist Trial
(TOPCAT) and I-PRESERVE primary outcomes. All hazard ratios (HR) are calculated with Phenotype A chosen as the reference (i.e. HR 1.0). B. Associ-
ation of the HFpEF phenotypes in the Treatment of Preserved Cardiac Function Heart Failure with an Aldosterone Antagonist Trial (TOPCAT) with time
to all-cause, CV, HF, and non-CV hospitalization. All hazard ratios (HR) are calculated with Phenotype A chosen as the reference (i.e. HR 1.0).
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Phenotypes A (younger, obese men), B (younger active
women), and E (older male alcohol users) and worsening
of the symptom stability score in Phenotypes C (metabolic
syndrome), D (older, diabetic women with VHD), and F (frail,
older women) (Figure S4B). Trends in self-efficacy score
were similar among all phenotypes.

Within each HFpEF phenotype, all patients who met the
primary outcome had numerically lower baseline mean KCCQ
(Figure 3). Baseline KCCQ was significantly different in pa-
tients with and without the primary outcome in Phenotypes
C–F. Lower baseline KCCQ scores were associated with higher
univariate risk of the primary outcome in Phenotypes B
(younger active women), C (metabolic syndrome), E (older
male alcohol users), and F (frail, older women) (Table S2; Fig-
ure 3). Change in KCCQ from baseline to 4months was not as-
sociated with the primary outcome overall or in any of the
HFpEF phenotypes (data not shown).

Treatment arm and health status among HFpEF
phenotypes

Overall the spironolactone arm had significant improvement
in KCCQ at 4 months compared with placebo (8.4 ± 19.1 vs.
6.1 ± 19.1, respectively, P = 0.03) but not at 12 months (7.8
± 20.9 vs. 5.7 ± 20.9, respectively, P = 0.065). All phenotypes
had a significant improvement in overall KCCQ at 4 months in
both spironolactone and placebo arms (Table 3). In Pheno-
type A (younger, obese men), there was a significant differ-
ence in improvement in KCCQ score from baseline
associated with spironolactone at 4 months vs. placebo
(+14.4 ± 19.0 vs. +6.8 ± 19.7, respectively, P = 0.02) and a
nonsignificant trend at 12 months (12.1 ± 20.6 vs. 5.4 ±
23.0 for spironolactone vs. placebo, respectively, P = 0.07).
There were no other significant differences in KCCQ change
associated with spironolactone in other phenotypes.

Figure 2.
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Discussion

The complex HFpEF phenotypes described here provide a
data-driven framework for conceptualizing the clinical het-
erogeneity among patients diagnosed with HFpEF.6 This study
confirms in a modern HFpEF clinical trial population the rela-
tive risks of adverse clinical outcomes observed in the original
derivation (I-PRESERVE) and validation (CHARM-Preserved)
studies. TOPCAT, I-PRESERVE, and CHARM-Preserved repre-
sent the three largest HFpEF clinical trials to date; therefore,
the reproducibility of the HFpEF phenotypes across these

three clinical trials suggests that they represent truly distinct
populations among patients with HFpEF. The current study
extends prior observations to include differences in baseline
health status and possible phenotype-specific responses to
spironolactone based on physiologic markers of aldosterone
blockade and clinical endpoints. Although our study did not
detect a phenotype-specific treatment effect of
spironolactone for the TOPCAT primary outcome, the findings
that some but not all phenotypes had consistent creatinine,
blood pressure, and health status responses to
spironolactone may help guide future clinical trials designed
to target interventions to specific HFpEF phenotypes.

This study also characterizes the baseline and longitudinal
health status patterns in each HFpEF phenotype by treatment
group, and the association of health status within each phe-
notype with the TOPCAT primary outcome. The prognostic
importance of KCCQ score within each phenotype was com-
parable in that lower baseline KCCQ score was associated
with increased risk of the adverse clinical outcomes among
most phenotypes. However, differences in baseline health
status between phenotypes were not necessarily concordant
with relative differences in prognosis; patients in phenotypes
associated with better rate of the TOPCAT primary outcome
reported worse baseline health status and vice versa (Table
2, Figure 3). For example, Phenotype E (older male alcohol
users) had the highest baseline KCCQ score [68.1 ± 22.8 vs.
lowest in phenotype C (metabolic syndrome) 53.0 ± 23.5]
yet had the third highest rates of the primary outcome, all-
cause hospitalization, and CV hospitalization, and the second
highest rate of non-CV hospitalization. Furthermore, Pheno-
types B (younger, active women) and C (metabolic syndrome)

Figure 3 Baseline Kansas City Cardiomyopathy Questionnaire (KCCQ)
score by heart failure with preserved ejection fraction (HFpEF) phenotype
and primary outcome.

Table 3 Change in Kansas City Cardiomyopathy Questionnaire score within each phenotype by treatment arm

Change baseline to 4 months Change baseline to 12 months Change 4 to 12 months

Phenotype A
Spironolactone 14.4 ± 19.0*† 12.4 ± 20.6* �1.9 ± 13.5

Placebo 6.8 ± 19.7** 5.4 ± 23.0 �2.7 ± 24.9
Phenotype B
Spironolactone 13.3 ± 19.8* 13.9 ± 23.9* �0.2 ± 15.4

Placebo 9.5 ± 17.7* 10.3 ± 19.8* 1.2 ± 15.3
Phenotype C
Spironolactone 9.6 ± 19.8* 7.2 ± 19.5* �1.0 ± 19.5

Placebo 7.1 ± 19.8* 6.2 ± 22.4* �1.5 ± 18.5
Phenotype D
Spironolactone 6.2 ± 18.6* 8.9 ± 20.1* 2.0 ± 19.7

Placebo 5.4 ± 18.1** 6.2 ± 18.2* 1.2 ± 18.7
Phenotype E
Spironolactone 4.6 ± 19.0** 4.0 ± 23.2** �0.8 ± 18.9

Placebo 4.3 ± 17.8** 4.1 ± 21.3*** �1.2 ± 17.0
Phenotype F
Spironolactone 6.9 ± 17.3* 6.5 ± 19.2** �0.4 ± �17.7

Placebo 4.7 ± 20.0*** 3.9 ± 19.7*** �1.2 ± 16.4

Change between time points:
*P < 0.001.
**P < 0.01.
***P < 0.05.
Spironolactone vs. placebo:
†P < 0.05.
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had similarly low baseline KCCQ (53.1 ± 23.2 vs. 53.0 ± 23.5)
even though Phenotype B (younger, active women) had the
lowest and Phenotype C (metabolic syndrome) had among
the top 2 highest rates of the primary outcome (17.1% vs.
40.0%), all-cause hospitalization (45.2% vs. 68.8%), CV hospi-
talization (30.1% vs. 48.7%), HF hospitalization (11.0% vs.
32.7%), and non-CV hospitalization (28.8% vs. 48.7%). If these
findings are confirmed in larger, ‘real-world’ data sets
powered for multiple comparisons—such as pooled data
from multiple clinical trials and registries—then they may
suggest strategies for phenotype-specific treatment plans.
For example, Phenotype B may benefit more from interven-
tions aimed at improving health status, whereas in Pheno-
type E (older male alcohol users), preventing adverse clinical
events may be more important than improving health status.
Similarly, goals of therapy for Phenotype C (metabolic syn-
drome) may be to improve both health status and clinical
outcomes, although effective treatment modalities for differ-
ent types of outcomes may vary based on underlying
physiology.

Differences in the patient characteristics and evidence of
response to spironolactone vs. placebo summarized in Table
2 may be exploited in future studies of patients with HFpEF.
For example, Phenotype D (older, diabetic women with valvu-
lar heart disease) had the most robust biologic response to
spironolactone, with consistently elevated potassium and
creatinine and lower blood pressure in the intervention group
compared with placebo. Therefore, spironolactone may be
particularly effective in improving outcomes among Pheno-
type D, but given their older age and potential susceptibility
to adverse events, creatinine and potassium levels should
be carefully monitored. Similarly, Phenotype B (younger, ac-
tive women) patients also showed a consistent biologic re-
sponse to spironolactone in the treatment arm over time as
evidenced by potassium and blood pressure trends over the
2 years of follow-up. Phenotype B patients also had a high
prevalence of obesity, despite the most physically active phe-
notype with a lower prevalence of other comorbid illnesses.
These characteristics may have contributed to the low event
rate in Phenotype B. On the other hand, Phenotype F (frail
older women) had consistently elevated potassium and creat-
inine over time but did not have lower blood pressure over
time in the spironolactone arm. This, along with the high inci-
dence of non-CV hospitalizations in this phenotype suggests
that the complexities of ageing, such as frailty and
multimorbidity, may make this group highly susceptible to
the adverse effects of spironolactone such as elevated creat-
inine and potassium without conferring much benefit. A bet-
ter approach to Phenotype F may include comprehensive
geriatric assessment and targeted interventions based on
the results of such an assessment. Multimorbidity may also
play a role in Phenotype C (metabolic syndrome), as these pa-
tients also had a consistent potassium and creatinine re-
sponse but not blood pressure response to spironolactone

in the treatment arm over time. However, the prevalence
of obesity, hypertension, hyperlipidaemia, and diabetes in
this group suggests that addressing the underlying lifestyle
habits in Phenotype C patients may be more effective than al-
dosterone antagonism.

Strengths and limitations

Strengths of the current study include the completeness of
data collection in the TOPCAT. Health status is notoriously dif-
ficult to collect in the observational setting; therefore, clinical
trials are ideal tools for secondary analyses of health status
outcomes. Another strength of the current study is the use
of a novel, data-driven approach to categorize HFpEF patients
into phenotypes that have already been validated in other
large and well-described clinical trial populations.

Our study also has several limitations. First, the ejection
fraction used to define HFpEF is now >50% according to re-
cent guidelines,21,22 making the TOPCAT inclusion criterion
of EF > 45% out of date. Second, we used BMI as a measure
of body composition in defining the HFpEF phenotypes. Other
measures of body composition are likely more informative in
older adults with HFpEF but must be balanced against the
ease of obtaining height and weight for measuring BMI in
routine clinical care. Furthermore, BMI and waist circumfer-
ence were correlated in this TOPCAT population (r = 0.78),
suggesting that BMI still adds clinically important information
to defining the HFpEF phenotypes. Third, we used only data
from the Americas because of the previously described prob-
lems with the nature of the patients enrolled in Russia and
Georgia, who had event rates far below what is expected of
a typical HFpEF population.12 This precluded comparison of
phenotype-specific outcomes in the placebo group alone be-
cause of small sample size. Additionally, the phenotype-
specific analyses, particular those stratified by treatment
group, were underpowered to detect modest differences in
some outcomes. Among those that were significant, we can-
not exclude a type I statistical error because of multiple com-
parisons. We also did not detect a statistically significant
difference in the rate of the primary outcome by treatment
arm and HFpEF phenotype, which again may be due to small
sample sizes and consequent lack of statistical power. Ac-
cordingly, the results of this study should be considered hy-
pothesis generating.

Future directions

First, future research should validate the HFpEF phenotypes
in the ‘real-world’ setting. This may be achieved by utilizing
existing heart failure registry data (although challenges exist
in finding patients with an accurate diagnosis of heart failure
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and confirmed ejection fraction) and/or utilizing electronic
medical record data.

Second, the findings from the current study should be con-
firmed in larger data sets powered for multiple comparisons,
such as pooled data from multiple clinical trials and registries.
Such a pooled data set may help (i) confirm our findings of
phenotype-specific clinical and health status outcomes and
(ii) confirm and further explore the discordant clinical and
health status outcomes in Phenotypes B (younger, active
women) and E (older male alcohol users).

Finally, testing novel interventions in the HFpEF population
should take these phenotypes into consideration when
targeting therapeutic interventions to patients most likely to
benefit.

Conclusions

Rates of mortality and hospitalization associated with previ-
ously described data-driven HFpEF phenotypes were recapit-
ulated in TOPCAT. In addition to differences in underlying
pathophysiology, HFpEF phenotypes have important differ-
ences in mortality and hospitalization outcomes, biological re-
sponse to spironolactone as well as health status outcomes.
These insights should help guide future studies in patients
with HFpEF by targeting outcomes and treatment modalities
most relevant to specific HFpEF phenotypes.
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