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IMPORTANCE Contemporary clinical trials of heart failure with preserved ejection fraction
(HFpEF) apply natriuretic peptide (NP) thresholds to identify patients who are more likely to
have the disease of interest and to enrich the baseline risk of the enrolled cohort.

OBJECTIVE To determine whether age, race/ethnicity, obesity, renal function, and atrial
fibrillation (AF) affect the levels of NPs in HFpEF and whether the prognostic significance of
NPs varies in these clinically important subgroups.

DESIGN, SETTING, AND PARTICIPANTS This secondary analysis of the Treatment of Preserved
Cardiac Function Heart Failure With an Aldosterone Antagonist Trial (TOPCAT) evaluated the
distribution and prognostic significance of NPs across 6 subgroups comprising 1057 adult
patients (60%) in the Americas region of TOPCAT with symptomatic heart failure (HF) and

a left ventricular ejection fraction of 45% or more with available NPs at baseline.

EXPOSURES Natriuretic peptides were log-transformed and standardized (expressed per
1SD, z score) and assessed in 6 subgroups: age (cutoff, 70 years), black race, body mass index
(BMI; calculated as weight in kilograms divided by height in meters squared; cutoff,

30 kg/m?), waist circumference (cutoff, 102 cm for men, 88 cm for women), estimated
glomerular filtration rate (cutoff, 60 mL/min/1.73 m?), and a history of AF.

MAIN OUTCOMES AND MEASURES Time to composite cardiovascular death, hospitalization for
HF, or aborted cardiac arrest at mean (SD) 2.4-year (1.5) follow-up.

RESULTS Of 1057 participants, the mean (SD) age was 72 (10) years, 183 (17.3%) were black,
the mean (SD) BMI was 33.4 (8.6) kg/m?, the mean (SD) estimated glomerular filtration rate
was 64.6 (21.8) mL/min/1.73 m?, and 472 (45%) had a history of AF. Median B-type NP

(n = 698) and N-terminal pro-B-type NP concentrations (n = 359) were 257

(interquartile range, 149-443) ng/L and 959 (interquartile range, 554-2015) ng/L,
respectively. Natriuretic peptide concentrations varied by up to 0.5 SD within the

6 subgroups, being higher in older patients with nonblack race, a lower BMI, a lower waist
circumference, a lower estimated glomerular filtration rate, and a history of AF. Elevated NP
levels (per 1-SD increase) were independently associated with an increased risk of the primary
outcome (adjusted hazard ratio, 1.36; 95% Cl, 1.22-1.54; P < .001) consistently across all
investigated subgroups (interaction P > .05). In TOPCAT Americas (n = 1767), 791 (45%) were
enrolled based on elevated NP levels as the qualifying criterion (as opposed to a history of HF
hospitalization). This proportion was 31% (93 of 302), 34% (258 of 760), and 39%

(443 of 1144) for black race, younger than 70 years, and a BMI of 30 kg/m? or greater,
respectively.

CONCLUSIONS AND RELEVANCE Natriuretic peptides remain important biomarkers of
prognosis in HFpEF, even in subgroups who tend to have lower NP levels. A single, absolute
NP threshold for inclusion in contemporary HFpEF trials may lead to an underrepresentation
of certain demographic and clinical subgroups.
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oncentrations of circulating natriuretic peptides (NPs) are

incorporated in diagnostic criteria for heart failure with

preserved ejection fraction (HFpEF)! and serve asimpor-
tant markers of cardiovascular prognosis.? Contemporary clini-
cal trials of HFpEF apply NP thresholds to identify patients who
are more likely to have the disease of interest and to enrich base-
line risk.> However, NP levels are influenced by various clinical
factors, including age, race/ethnicity, obesity, renal function, and
the presence of atrial fibrillation (AF).** It is uncertain whether
therisk associated with a given NP level varies in these clinically
important subgroups and whether heterogeneity in NP distribu-
tions alters the relative representation of these patients in con-
temporary HFpEF trials. As such, we examined the distribution
and associated cardiovascular prognosis of baseline concentra-
tions of NPs in subgroups of HFpEF that were defined by age,
race/ethnicity, obesity, renal function, and AF status that were
enrolled in the Treatment of Preserved Cardiac Function Heart
Failure With an Aldosterone Antagonist Trial (TOPCAT).

Methods

TOPCAT was a global, phase-3, double-blind, placebo-controlled
randomized clinical trial of spironolactone in HFpEF.® Given sig-
nificant regional heterogeneity,” this analysis was restricted to
the 1057 patients who were enrolled in the Americas region
(United States, Canada, Brazil, and Argentina) with available NPs.
Patients who were 50 years or older with symptomatic heart fail-
ure (HF) and a left ventricular ejection fraction of 45% or greater,
well-controlled blood pressure, and a serum potassium of less
than 5.0 mEq/L (to convert potassium to millimoles per liter, mul-
tiply by 1) were considered for enrollment. In addition, either HF
hospitalization within 12 months or elevated NP concentration
(B-type natriuretic peptide [BNP] =100 ng/L or N-terminal pro-
BNP [NT-proBNP] =360 ng/L) within 60 days was required. The
primary outcome for TOPCAT and for this analysis was time
to composite cardiovascular death, hospitalization for HF, or
aborted cardiac arrest.

Analyses were performed in all patients with available NPs,
which were locally collected and processed as previously
described.® Before the analysis, we selected 6 key subgroups
and relevant cutoffs a priori based on available clinical con-
sensus documents®!© and prior data in HFpEF?: age (cutoff,
70 years), black race, body mass index (BMI; calculated as
weight in kilograms divided by height in meters squared) (cut-
off, 30 kg/m?), waist circumference (cutoff, 102 cm for men;
88 cm for women), estimated glomerular filtration rate (eGFR)
(cutoff, 60 mL/min/1.73 m?), and a history of AF. Consistent
with a prior report,? BNP and NT-proBNP levels were log-
transformed and standardized (expressed per 1 SD; z score).
Multivariable Cox proportional hazards models that ac-
counted for age, sex, race/ethnicity, BMI, eGFR, history of AF,
enrollment strata, and treatment randomization were used to
assess the association between NP levels and the primary out-
come. Interactions by key subgroups on the association be-
tween NPs and risk were assessed by linear regression. The in-
cremental value of NPs in predicting the primary outcome was
evaluated using the change in Harrell C-statistics. Restricted
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Key Points
Question How do age, race/ethnicity, obesity, renal function, and
atrial fibrillation influence natriuretic peptides (NP) in heart failure

with preserved ejection fraction and does the prognostic
significance of NPs vary in these clinically important subgroups?

Findings In this secondary analysis of the Americas region of the
Treatment of Preserved Cardiac Function Heart Failure With an
Aldosterone Antagonist Trial (TOPCAT), 1057 participants had
available NP concentrations that varied markedly across key
subgroups and were consistently associated with excess
cardiovascular risk.

Meaning Natriuretic peptides represent important biomarkers of
prognosis, even in populations with lower distributions of levels;
single, absolute NP thresholds for inclusion in contemporary heart
failure with preserved ejection fraction trials may lead to an
underrepresentation of certain demographic and clinical
subgroups.

cubic splines models with 3 knots were used to plot the flex-
ible association between log-transformed, standardized NP as
a continuous variable and the incidence of the primary end
point for each of the key subgroups. All patients provided writ-
ten informed consent, and the study was approved by insti-
tutional review boards or ethics committees at each partici-
pating institution. Statistical analyses were performed using
Stata, version 14.1 (Stata Corp).

. |
Results

There was minor variation across the key characteristics in
those with (1057 [60%]) and without available NPs (710 [40%])
in TOPCAT Americas (eTable in the Supplement). As ex-
pected, patients with available NPs levels were more fre-
quently enrolled in the NP strata (687 [65%]) than the hospi-
talization for HF strata (370 [35%]). In patients with available
NP levels, the mean (SD) age was 72 (10) years, 514 (49%) were
men, and 183 (17%) were black. The mean (SD) BMI was 33.4
(8.6) kg/m?, mean (SD) eGFR was 64.6 (21.8) mL/min/1.73 m?,
and 472 (45%) had a history of AF (of whom 289 [61%] had AF
on an inclusion electrocardiogram).

Overall, median BNP (n = 698) and NT-proBNP concentra-
tions (n = 359) were 257 (interquartile range, 149-443) ng/L and
959 (interquartile range, 554-2015) ng/L, respectively (Table), and
there were no differences in NP levels between the enrollment
strata (eFigure 1in the Supplement). The NP concentrations var-
ied by up to 0.5 SDs within the 6 subgroups and were significantly
higher in older patients with nonblack race, alower BMI, alower
waist circumference, lower eGFR, and a history of AF (Figure1).
A similar variation was observed between patients with and with-
out AF ona presenting electrocardiogram (z score [SD] 0.28 [0.90]
vs —0.06 [1.03], respectively). In sensitivity analyses, similar
qualitative differences across these subgroups were observed
when analyzing concentrations of NPs in patients who were
enrolled in the hospitalization stratum (n = 370; eFigure 2 in
the Supplement) and in Russia and Georgia with available NPs
(n = 366; eFigure 3 in the Supplement).
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Table. Concentrations of BNP and NT-proBNP and Incidence Rate of the Primary Outcome in 6 Subgroups
of the Americas Region of the TOPCAT Trial

Characteristic

Median (IQR)

Incidence Rate of the Primary

BNP, ng/L

NT-proBNP, ng/L

(95% CI)

Outcome per 100 Patient-Years

Total population (N = 1057)

Age,y
<70 (n = 429)

270 (n = 628)

Race
Black (n = 183)
Nonblack (n = 874)

BMI, kg/m?

230 (n = 650)
<30 (n = 407)

Waist circumference, cm
2102/88 (n = 738)
<102/88 (n = 232)

eGFR, mL/min/1.73 m?

260 (n = 554)
<60 (n = 503)
Atrial fibrillation
No (n = 584)
Yes (n = 472)

257 (149-443)

235 (136-427)
276 (165-461)

208 (128-454)
268 (157-443)

240 (143-402)
285 (170-518)

252 (152-439)
282 (149-504)

239 (146-414)
273 (162-484)

234 (138-429)
293 (175-478)

959 (554-2015)

937 (487-1813)
962 (631-2027)

1274 (599-2582)
918 (554-1937)

885 (500-1611)
1140 (665-2308)

893 (502-1641)
1229 (700-2720)

882 (496-1720)
1077 (672-2276)

761 (475-1592)
1275 (731-2276)

11.6 (10.3-13.0)

12.7 (10.7-15.2)
10.9 (9.4-12.6)

16.1 (12.5-20.6)
10.8 (9.5-12.3)

12.5 (10.9-14.4)
10.2 (8.4-12.3)

11.4 (9.9-13.0)
10.8 (8.4-13.9)

8.9 (7.5-10.6)
14.9 (12.8-17.3)

11.9 (10.2-13.8)
11.3 (9.5-13.4)

Abbreviations: AF, atrial fibrillation;
BMI, body mass index (calculated as
weight in kilograms divided by height
in meters squared); BNP, B-type
natriuretic peptide; eGFR, estimated
glomerular filtration rate;

IQR, interquartile range;

NP, natriuretic peptide;

NT-proBNP, N-terminal pro-B-type
natriuretic peptide.

Figure 1. Baseline Natriuretic Peptides and Subsequent Cardiovascular Risk in 6 Subgroups of the Americas Region of the Treatment
of Preserved Cardiac Function Heart Failure With an Aldosterone Antagonist Trial

E Baseline natriuretic peptide levels by subgroups

Mean NP
Source z Score (+ SEM) P Value
Age,y
<70 (n=429) -0.11 (0.05) —a— 003
270 (n=628) 0.08 (0.04)
Race
Black (n=183) -0.13 (0.09) —— 05
Nonblack (n=874)  0.03 (0.03) - ’
BMI, kg/m?
230 (n=650) -0.14 (0.04) - <001
<30 (n=407) 0.22 (0.05) -
Waist circumference, cm
2102/88 (n=738) -0.05 (0.04) - <001
<102/88 (n=232) 0.25(0.07) —.—
eGFR, mL/min/1.73 m2
260 (n=554) -0.11 (0.04) -
<.001
<60 (n=503) 0.1(0.04)
Atrial fibrillation
No (n=584) -0.16 (0.04) - <001
Yes (n=472) 0.2 (0.04) -
All patients with 0(0.03) -
available NP (n=1057)
—d.4 —d.Z 0 012 0.‘4
Mean NP z Score + SEM
Approximate NP equivalent values
Approximate BNP, ng/L 229 248 269 292 317
Approximate NT-proBNP, ng/L 879 965 1059 1162 1276

Natriuretic peptide levels and primary outcome

Change in Harrell
C-Statistic, %

Adjusted HR
(95% Cl)

0.65vs0.65=0.4
0.66vs0.69=3.2

0.66vs0.68=2.3
0.64vs0.66=1.9
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0.67vs0.68=1.2
0.65vs0.67=1.6

0.66vs0.68=1.7
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0.65vs0.67=1.8

1.24 (1.06-1.46)
1.51(1.27-1.78)

1.29(1.06-1.57)
1.40(1.21-1.63)

1.25(1.08-1.45)
1.67 (1.36-2.04)

1.34(1.16-1.55)
1.53(1.18-1.98)

1.36(1.15-1.62)
1.34(1.14-1.58)

1.32(1.14-1.53)
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Overall, 1057 patients had natriuretic peptides (NPs) available for analysis.

Multivariate Cox regression models and risk reclassification models accounted

for the following covariates: age, sex, race/ethnicity, body mass index

(calculated as weight in kilograms divided by height in meters squared),

estimated glomerular filtration rate (eGFR), history of atrial fibrillation (AF),
enrollment strata, and treatment randomization. BNP indicates B-type
natriuretic peptide; HR, hazard ratio; SEM, standard error of the mean.
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Figure 2. Association Between Natriuretic Peptide (NP) Levels and Incidence of Primary Outcome in 6 Subgroups of the Americas Region
of the Treatment of Preserved Cardiac Function Heart Failure With an Aldosterone Antagonist Trial
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Restricted cubic splines models with 3 knots were constructed to display the
association between log-transformed, standardized NP concentrations as a
continuous variable and the incidence of the primary end point for each of the
key subgroups. The dotted lines reflect the 95% confidence intervals. BNP

indicates B-type natriuretic peptide; eGFR, estimated glomerular filtration rate;
NT-proBNP, N-terminal pro-B-type natriuretic peptide. Body mass index is
calculated as weight in kilograms divided by height in meters squared.

Overamean (SD) 2.4-year (1.5) follow-up, 300 primary out-
come events occurred (incidence rate, 11.6; 95% CI,
10.3-13.0 per 100 patient-years) (Table). Elevated NP levels (per
1-SD increase in log-transformed, standardized NP) were in-
dependently associated with an increased risk of the primary
outcome (adjusted hazard ratio, 1.36; 95% CI, 1.22-1.54;
P < .001). The excess risk that was associated with NP levels
was consistent in all the investigated subgroups (no signifi-
cant interactions across subgroups). The incremental value of
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NP levels in predicting the primary outcome beyond the co-
variate set was modest (a 1.8% increase in C statistic) and was
comparable across investigated subgroups (Figure 1).

The incidence of the primary outcome at a given level of
NP was higher in subgroups with left-shifted distributions of
baseline NP concentrations (young, black, obese, higher eGFR,
and no AF) compared with their respective counterparts
(Figure 2). Overall, in TOPCAT Americas (n = 1767), 791 (45%)
were enrolled based on elevated NP levels as the qualifying
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criterion (as opposed to a history of hospitalization for HF). This
proportion was 31% (93 or 302), 34% (258 of 760), and 39%
(443 of 1144) for black race, age younger than 70 years, and a
BMI of 30 kg/m? or greater, respectively.

|
Discussion

The factors associated with variations in NP levels in the gen-
eral population and in HF with reduced ejection fraction also
appeared to modify NP levels in HFpEF.*>!! Key clinical sub-
groups (young, black, obese, better renal function, and no AF)
have, on average, lower NP levels in HFpEF. Nevertheless, el-
evated NP concentrations are consistently associated with ad-
verse cardiovascular outcomes, even in these populations with
lower distributions of levels.

Applying a single NP threshold for trial entry may contrib-
ute to unbalanced selection and may result in an underrepre-
sentation of certain subgroups. Natriuretic peptide thresh-
olds are often used in trials as a risk enrichment strategy, but
this approach may exclude patients in these subsets who truly
have HFpEF and who experience high rates of cardiovascular
events. For instance, most black patients (~70%) in TOPCAT
Americas were eligible for enrollment based on prior hospi-
talization for HF as opposed to elevated NP levels (~30%), and
enrolled black patients faced higher rates of the primary out-
come compared with white patients across a broad range of
NP levels. In addition, patients with lower NPs may poten-
tially stand to benefit most from investigational therapies,?'2
perhaps due to improved responsiveness earlier in the natu-
ral history of HFpEF, which adds to the importance of identi-
fying appropriate NP-based pathways to enroll these sub-
groups. Ongoing global advanced-phase pharmacological
trials of HFpEF (NCT01920711, NCT03057951, and
NCT02901184) are applying differential NP thresholds based
on AF status, while select device trials (NCT03499236) are
adjusting screening NP levels for BMI in determining trial
eligibility. As high-quality data from global registries of HFpEF
accrue, greater information regarding the typical distributions
of NP levels across various clinical subgroups should be
ascertained, and these identified factors should be considered
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in modifying NP-based trial entry criteria. Beyond this, markers
are needed that are less sensitive to systematic variation across
heterogeneous subsets for use in screening for therapeutic trials.

The mechanisms that drive NP distributions in HFpEF
are varied. Natriuretic peptides are known to increase with
age and with atrial arrhythmias, which are thought to be
mediated by increased atrial and ventricular wall stress.
Genetic polymorphisms that regulate NP levels may par-
tially explain lower NP distributions in black patients.!?'*
Obesity has been mechanistically linked with lower NP lev-
els that are associated with increased adipocyte-mediated
clearance, hyperinsulinemia, sex hormonal activity, and
local epicardial adipose tissue-related effects.!!> Because
only a proportion of NPs are renally cleared, elevations in
NP levels in renal impairment are likely multifactorial and
are incompletely understood.

Limitations

The limitations in this exploratory analysis include restrict-
ing the study sample to patients with NP data available at
baseline in a randomized clinical trial that used an NP
threshold as one of the trial eligibility criteria. We evaluated
NPs on a standardized scale given variation in circulating
levels of BNP and NT-proBNP; however, the validity and
prognostic utility of NPs appear independent of assay. Given
the selected nature of this trial population, clear NP thresh-
olds of risk for individual subgroups were not able to be
established.

. |
Conclusions

The burden of HFpEF is high in subgroups who tend to have
lower NP levels, including black patients and patients with
obesity. Natriuretic peptides remain important biomarkers
of prognosis in HFpEF, even in these subgroups with lower
distributions of levels. However, as the global population of
HFpEF grows and becomes more heterogeneous, single,
absolute NP thresholds for inclusion in contemporary
HFpEF trials may bias against enrolling certain demographic
and clinical subgroups.
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