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ABSTRACT

Introduction and objectives: Little is known about the usefulness of heart rate (HR) response to exercise for
risk stratification in heart failure with preserved ejection fraction (HFpEF). Therefore, this study aimed to
assess the association between HR response to exercise and the risk of total episodes of worsening heart
failure (WHF) in symptomatic stable patients with HFpEF.
Methods: This single-center study included 133 patients with HFpEF (NYHA II-IlI) who performed
maximal cardiopulmonary exercise testing. HR response to exercise was evaluated using the
chronotropic index (Cly) formula. A negative binomial regression method was used.
Results: The mean age of the sample was 73.2 4 10.5 years; 56.4% were female, and 51.1% were in atrial
fibrillation. The median for Clx was 0.4 [0.3-0.55]. At a median follow-up of 2.4 [1.6-5.3] years, a total of
146 WHF events in 58 patients and 41 (30.8%) deaths were registered. In the whole sample, Cl, was not
associated with adverse outcomes (death, P=.319, and WHF events, P=.573). However, we found a
differential effect across electrocardiographic rhythms for WHF events (P for interaction =.002). Cl; was
inversely and linearly associated with the risk of WHF events in patients with sinus rhythm and was
positively and linearly associated with those with atrial fibrillation.
Conclusions: In patients with HFpEF, Cl, was differentially associated with the risk of total WHF events
across rhythm status. Lower Cl, emerged as a risk factor for predicting higher risk in patients with sinus
rhythm. In contrast, higher Cly identified a higher risk in those with atrial fibrillation.

© 2022 Sociedad Espariola de Cardiologia. Published by Elsevier Espaiia, S.L.U. All rights reserved.

Indice cronotropico y eventos adversos a largo plazo en insuficiencia cardiaca con
fraccion de eyeccion conservada

RESUMEN

Introduccion y objetivos: Poco se sabe sobre la utilidad de la respuesta de la frecuencia cardiaca (FC) al
ejercicio para la estratificacién del riesgo en la insuficiencia cardiaca con fraccion de eyeccion conservada
(ICFEc). El objetivo de este estudio fue evaluar la asociacion entre la respuesta de la FC al ejercicio y el
riesgo de episodios de descompensacion por insuficiencia cardiaca (DIC) en pacientes sintomaticos
estables con ICFEc.

Meétodos: Se trata de un estudio unicéntrico que incluy6 a un total de 133 pacientes con ICFEc (NYHA II-
IIl) tras la realizacién de una prueba de esfuerzo cardiopulmonar maxima. La respuesta de la FC al
ejercicio se evalu6 mediante la formula del indice cronotrépico (I,C). Para el analisis se utiliz6 un método
de regresion binomial negativa.

Resultados: La edad media fue de 73,2 + 10,5 afios, el 56,4% eran mujeres y el 51,1% estaban en fibrilacion
auricular. La mediana de I,C fue de 0,4 (0,3-0,55). Tras una mediana de seguimiento de 2,4 (1,6-5,3) afios, se
registraron un total de 146 DIC en 58 pacientes y 41 (30,8%) muertes. El I,C no se asoci6 con eventos adversos
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(muerte, p = 0,319, y DIC, p = 0,573) cuando se analizé de forma conjunta toda la muestra. Sin embargo, se
encontré un efecto diferencial en funcién del ritmo electrocardiografico para DIC (p para interaccion = 0,002).
El I,C se asoci6 inversa y linealmente con el riesgo de DIC en aquellos pacientes con ritmo sinusal y de forma
lineal y positiva con aquellos en fibrilacién auricular.

Conclusiones: En pacientes con ICFEc, el IC se asoci6 diferencialmente con el riesgo de DIC en funcion del
ritmo electrocardiografico. Un I,c mas bajo surgié como un factor de riesgo para predecir un mayor
riesgo de DIC en pacientes en ritmo sinusal. Por el contrario, un I,C mas alto identificé un mayor riesgo en
aquellos pacientes en fibrilacion auricular.

© 2022 Sociedad Espafiola de Cardiologia. Publicado por Elsevier Espaiia, S.L.U. Todos los derechos reservados.

Abbreviations

AF: atrial fibrillation

CPET: cardiopulmonary exercise testing

CI: chronotropic incompetence

Cly: chronotropic index

HFpEF: heart failure with preserved ejection fraction
SR: sinus rhythm

INTRODUCTION

Chronotropic incompetence (CI), defined as a diminished heart
rate (HR) response to exercise, is associated with worse functional
capacity and quality of life in heart failure (HF) with preserved
ejection fraction (HFpEF)."? Likewise, increased resting HR has also
been related to lower functional capacity and is a well-known
precipitating factor for decompensations.?

Several studies have revealed that the presence of CI in HF with
reduced ejection fraction (HFrEF) is associated with increased all-
cause mortality and all-cause hospitalization.*~” However, the
evidence endorsing the role of chronotropic response is scarcer in
HFpEF. Accordingly, we aimed to assess the association between
chronotropic response in stable symptomatic patients with HFpEF
and worsening heart failure (WHF) and whether this association is
modified by the presence of atrial fibrillation (AF).

METHODS
Study design

This study prospectively included 133 consecutive outpatients
with HFpEF and stable NYHA functional class II-III (figure 1). The
study was conducted in a single third-level center in Spain. All
patients provided informed consent, and the protocol was
approved by the research ethics committee following the
principles of the Declaration of Helsinki and national regulations.

Candidates were selected from the outpatient specialized HF
unit. All patients met the following inclusion criteria: a) a previous
history of symptomatic HF (New York Heart Association functional
class > II); b) normal left ventricular ejection fraction (ejection
fraction > 0.50 by the Simpson method and end-diastolic diameter
< 60 mm); c) structural heart disease (left ventricular hypertro-
phy/left atrial enlargement) and/or diastolic dysfunction estimat-
ed by 2-dimensional echocardiography; and d) clinical stability,
without hospital admissions in the past 3 months. Patients were
excluded if they could not perform a valid baseline exercise test,
had genetic or restrictive cardiomyopathies, had high suspicion of
hypertrophic or amyloid cardiomyopathy, or showed any previous
medical condition such as unstable angina, myocardial infarction,

or cardiac surgery within the last 3 months; chronic metabolic,
orthopedic, infectious disease, or pulmonary disease (including
pulmonary arterial hypertension, chronic thromboembolic pul-
monary disease, or moderate to severe chronic obstructive
pulmonary disease); acute HF decompensation; and any other
comorbidity with a life expectancy of less than 1 year.

Procedures

Patients underwent maximal symptom-limited cardiopulmo-
nary exercise testing (CPET), echocardiography, physician-per-
ceived NYHA class, clinical examination, and laboratory tests.
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Figure 1. Central illustration. AF, atrial fibrillation; Cl,, chronotropic index;
CPET, cardiopulmonary exercise testing; HFpEF, heart failure with preserved
ejected fraction; IRR, incidence rate ratio; SR, sinus rhythm.
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Cardiopulmonary exercise testing

Patients were monitored with a 12-lead electrocardiogram and
blood pressure measurements at baseline and every 2 minutes
during exercise. Patients were classified as those in sinus rhythm
(SR) or AF at the moment of CPET.

Maximal functional capacity was evaluated using incremental
and symptom-limited cardiopulmonary exercise testing on a
bicycle ergometer, beginning with a workload of 10W and
increasing gradually in a ramp protocol at 10 W increments every
1 minute. We define maximal functional capacity as when the
patient stops pedalling because of symptoms and the respiratory
exchange ratio (RER) was > 1.05. Gas exchange data and
cardiopulmonary variables are averages of values taken every
10 seconds. Peak oxygen consumption (peak VO,) was the highest
value 30-second average of oxygen consumption (VO,). Once peak
VO, was obtained, we calculated its percent of predicted peak VO,
(pp-peak VO,%), defined as the percentage of predicted peak VO,
adjusted for sex, age, exercise protocol, weight, and height
according to the Wasserman/Hansen standard prediction equa-
tion.

Ventilatory efficiency was determined by measuring the slope
of the linear relationship between minute ventilation (VE) and
carbon dioxide production (VCO,) across the entire course of
exercise (VE/VCO, slope) and was considered normal if the VE/
VCO, slope was < 30.

HR response during maximal CPET was evaluated following the
chronotropic index (Cly) formula = peak HR-rest HR/[(220-age)-
restHR)].

Echocardiography

Doppler echocardiogram examinations were performed under
resting conditions using 2-dimensional echocardiography. All
parameters, including tissue Doppler parameters, were measured
according to the European Society of Echocardiography.®

Biomarkers

Ablood sample was collected under standardized conditions for
biomarker profiling. N-terminal pro-B-type natriuretic peptide
(NT-proBNP), carbohydrate antigen 125 (CA125), estimated
glomerular filtration rate, electrolytes, and hemoglobin were
measured on the same day as CPET.

Endpoints

The total number of WHF events was selected as the endpoint of
interest. Additionally, all-cause mortality was also evaluated. WHF
events inclunded hospitalizations, emergency room visits, and
unplanned outpatient visits. The definition of WHF required
worsening symptoms and signs of the disease and administration
of parenteral diuretics. WHF events and survival status were
identified from the clinical records of patients in the HF unit,
hospital wards, emergency room, and electronic medical records.
The endpoints were assessed by researchers blinded to the
patients’ baseline characteristics, including CPET parameters. All
patients included were follow-up until November 2021. The
minimum duration of patient follow-up was 8.5 months.

Statistical analysis

Continuous and categorical variables are presented as mean
+ standard deviation, median [interquartile range (IQR)], or

percentages. Bivariate negative binomial regression was used to
assess the independent association between Cly as a continuous
variable and the prognostic endpoints (WHF events and all-cause
mortality). For the clinical endpoints, bivariate negative binomial
regression evaluated the interaction between Cl and electrocar-
diographic rhythm (SR vs AF). Estimates are reported as incidence
rate ratios (IRR). All variables listed in table 1 were evaluated for
prognostic purposes. The selection of the covariates in the final
multivariate models was based on biological plausibility and not
only on the P value. The linearity assumption for continuous
variables was simultaneously tested and transformed, if appropriate,
with fractional polynomials. In addition to our exposures (Cl, and the
interaction AF*Cly), the covariates included in the final models for
WHF events were: baseline NYHA functional class, past smoker,
estimated glomerular filtration rate, N-terminal pro-brain natri-
uretic peptide, left ventricular ejection fraction, left ventricular end-
systolic volume, left ventricular end-diastolic volume, left ventricu-
lar mass index, left atrial volume, treatment with beta-blockers, and
treatment with furosemide. A 2-sided a Pvalue < .05 was considered
to be statistically significant. All analyses were performed using
Stata 15.1.

RESULTS

The mean age of the sample was 73.2 & 10.5 years, 56.4% were
female, 33.8% were in NYHA III, most of them showed prior history of
hypertension, and 68 (51.1%) had AF. Most patients were previously
admitted for acute HF (92%) and were on beta-blockers therapy
(88.7%). Regarding CPET parameters, the median [p25-p75] for Cly,
peak VO,, pp-peak VO,, and VE/VCO, were 0.4 [0.3-0.55], 11 [9-13]
mL/kg/min, 64.1 [53-74.4]%, and 34.7 [31-38.9], respectively.

Baseline characteristics were stratified by electrocardiographic
rhythm

Table 1 summarizes the baseline characteristics stratified by
baseline electrocardiographic rhythm. Overall, patients with AF
had a higher prevalence of stroke and data indicating more
advanced disease (higher pulmonary artery systolic pressure,
higher left atrial volume, lower systolic blood pressure at peak
exercise, higher NT-proBNP levels, and lower estimated glomerular
filtration rate), as shown in table 1. Likewise, patients with AF were
more frequently treated with mineralocorticoid receptor antago-
nists and furosemide. However, there were no differences in
baseline NYHA functional class, peak VO,, HR at rest, or Cly across
the types of rhythm (SR vs AF).

Chronotropic index and adverse clinical events

At a median [IQR] follow-up of 2.4 [1.6-5.3] years, a total of 41
(30.8%) all-cause deaths and 146 WHEF events (62 hospitalizations
and 84 ambulatory episodes) in 58 patients were registered. The
rates (per 10-person-years) of death and WHF events did not differ
across the median of Cly (< 0.4 vs > 0.4): 1.03 vs 0.75 (P =.535) and
4.44 vs 3.58 (P =.544), respectively. On multivariable analysis, Cl,
was not associated with WHF events (P=.573) and all-cause
mortality (P=.319), as depicted in figure 2. In the same
multivariate scenario, when dichotomized in the median (< 0.4
vs > 0.4), Cly remained not independenlty associated with WHF
events (IRR, 0.55; 95%CI, 0.23-1.32; P=.182) or death (IRR, 0.87;
95%Cl, 0.50-1.56; P=.657).
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Table 1
Baseline characteristics of the population stratified by rhythm status
Total SR AF P
(n=133) (n=65) (n=68)

Demographic and clinical variables
Age,y 73.2+105 73.7+£8.6 72.7+£12 577
Women 75 (56.4) 37 (56.9) 38 (55.9) 904
BMI, kg/m? 31.1 [28-34.3] 31.2 [28-34.2] 31 [27.7-34.8] 932
NYHA HI/IV 45 (33.8) 17 (26.2) 28 (41.2) 067
Hypertension 120 (90.2) 59 (90.7) 61 (89.7) .836
Past smoker 41 (30.8) 20 (30.8) 21 (30.9) .989
Dyslipidemia 102 (76.7) 53 (81.5) 49 (72.1) 162
IHD 41 (30.8) 28 (43.1) 13 (19.1) .003
COPD 13 (9.8) 9 (13.9) 4 (5.9) 122
Diabetes 59 (44.4) 29 (44.6) 30 (44.1) 954
History of stroke 9 (6.8) 1(1.5) 8(11.8) .019
Smoker 6 (4.5) 4(6.1) 2 (3.0) 372

Echocardiographic parameters
LVEF 66 [60-74] 65.8 [59.7-74] 67 [60-73] 105
TAPSE, mm 22 [19.4-25] 22 [20-25.4] 21.6 [19-24] 091
PAPs, mmHg 39.5 [30-49.5] 36 [25-43] 44 [34-53] 001
E/e’ ratio 13 [10.2-16.3] 12.3 [9.7-14.2] 13.2 [10.5-18.4] 036
LVEDV, mL 83 [65.8-108] 83 [72-111] 82.5 [63.5-102] 317
LVESV, mL 29 [19.2-35.4] 29 [21.7-35.4] 29 [19-35] 677
Left atrial volume, mL 80 [70-90.2] 76 [61-80] 80 [80-100] <.001
IVS thickness, mm 12.5[11.2-13.5] 12.9 [12-13.5] 12.5[11-13.5] 209
LV mass index, g/m? 114.5 [96.8-143.9] 113.7 [98-139.8] 116 [96.7-146.9] 223

CPET parameters
HR at rest, bpm 67 [59-74] 66 [60-73] 68 [59-75] 345
HR at peak, bpm 99 [85-112] 96 [85-110] 101 [86-112] 565
PeakVO0,, mL/kg/min 11 [9-13] 10.3 [8.8-12] 11.6 [9-13] 109
pp-peakVo, 64.1 [53-74.4] 67.8 [54.8-79.7] 61.7 [50-70.8] 084
VE/VCO, slope 34.7 [31-38.9] 34.7 [29.3-38.8] 34.7 [31.7-39.3] 477
SBP at peak exercise, mmHg 149 [140-160] 152 [140-162] 142 [138-150] .001
Chronotropic index 0.4 [0.3-0.55] 0.4 [0.26-0.55] 0.4 [0.29-0.54] 749

Laboratory parameters
Hemoglobin, mg/dL 13.0 [11.7-14.1] 13.2 [12.1-14.1] 12.8 [11.6-13.8] 362
NT-proBNP, pg/mL 556 [288-1399] 325 [212-638] 1095 [513- 2233] <.001
CA125, U/mL 12 [8-19] 10 [1-16] 14 [10-23] 001
Sodium, mEq/L 141 [139-142] 141 [139-143] 141 [139-142] 465
eGFR, mL/min/1.73 m? 58.4 [43.6-74.2] 60.6 [43.8-74.2] 57.9 [43.5-74.7] 007

Medical treatment
ARB 66 (49.6) 37 (56.9) 29 (42.7) 099
ACEI 26 (19.5) 12 (18.5) 14 (20.6) 757
MRA 29 (21.8) 7 (10.8) 22 (324) 002
Beta-blockers 118 (88.7) 58 (89.2) 60 (88.2) .856
Digoxin 6 (4.5) 3 (4.5) 3 (4.5) 1.000
Furosemide 73 (54.9) 27 (41.5) 46 (67.7) .002
Other diuretics 52 (39.1) 30 (46.2) 22 (32.4) 103

Data are expressed as No. (%), continuous variables as mean+1 standardard deviation, or medians (interquartile range [IQR]), and discrete variables as frequencies and
percentages.

ACEI, angiotensin-converting enzyme inhibitor; AF, atrial fibrillation; ARB, angiotensin-receptor blocker; BMI, body mass index; CA125, antigen carbohydrate 125; COPD, chronic
obstructive pulmonary disease; E/e’, ratio between early mitral inflow velocity and mitral annular early diastolic velocity; eGFR, estimated glomerular filtration rate; IHD, ischemic
heart disease; IVS thickness, interventricular septum thickness; LV, left ventricular; LVEDV, left ventricular end-diastolic volume; LVEF, left ventricle ejection fraction; LVESV, left
ventricular end-systolic volume; MRA, mineralocorticoid receptor antagonist; NT-proBNP, amino-terminal pro-B-type natriuretic peptide; NYHA, New York Heart Association;
PASP, pulmonary artery systolic pressure; SBP, systolic blood pressure; SR, sinus rhythm; TAPSE, tricuspid annular plane systolic excursion; VE/VCO, slope, ventilatory efficiency.
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Figure 2. Association between chronotropic index and endpoints. AF, atrial fibrillation; Cl,, chronotropic index; IRR, incidence rate ratio; SR, sinus rhythm.

Differential prognostic effect of chronotropic index across the
electrocardiographic rhythm

Patients with CI, below the median (< 0.4) showed nonsignifi-
cant differences in mortality rates in SR (0.98 vs 0.45, P=.128) or
AF (1.13 vs 1.28, P=.569). However, Cly < 0.4 identified higher
rates of WHF events in those patients with SR (4.93 vs 1.34,
P=.003). In contrast, in patients with AF, Cly < 0.4 showed a
statistical trend to have lower rates of WHF events (2.66 vs 7.35,
P=.068).

After multivariate adjustment, we confirmed a differential
prognostic effect of CIx across electrocardiographic rhythms for
predicting WHF events (P for interaction =.002). As depicted in
figure 3, Cl, was inversely and linearly associated with the risk of
WHEF events in patients in sinus rhythm (figure 3A). However, Cly
was positively and linearly related to the risk of WHF events in
those with AF (figure 3B). Similar results were found when we
analyzed the differential prognostic effect of Cl, only for HF
hospitalizations (P for interaction = .007). Lower CI, was associated

3.0- ‘

2.0-

IRR

0.5-

0.2

0.0 0.2

with a higher risk in those in SR (figure 4A), but we found the
opposite in patients with AF (figure 4B).

For all-cause mortality, the adjusted interaction between Cly
and electrocardiographic rhythm was not significant (P for
interaction =.529). Cl, along the continuum was not associated
with the risk of death in SR and AF (figure 5).

DISCUSSION

In ambulatory symptomatic and stable HFpEF patients, we
found that exercise chronotropic response evaluated by Cl, was
differentially associated with the risk of WHF events across
electrocardiographic rhythms. In a multivariate regression model
including Cly as a continuous variable, blunted HR response was
associated with a higher risk of total WHF events at long-term
follow-up in patients with SR. In contrast, a higher HR response
increased the risk of WHF events in patients with AF. However, Cly
was not associated with all-cause mortality.

10.0—

5.0~

3.0~

IRR

0.5~

02—, ‘

0.0 0.2
Clx

P value for interaction = .002

Figure 3. Differential prognostic effect of Cly across electrocardiographic rhythm for HF events. AF, atrial fibrillation; ClIy, chronotropic index; IRR, incidence rate

ratio; SR, sinus rhythm.
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Figure 4. Differential prognostic effect of Cl, across electrocardiographic rhythm for HF hospitalizations. AF, atrial fibrillation; CIy, chronotropic index; IRR,
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Figure 5. Differential prognostic effect of Cly across electrocardiographic rhythm for all-cause mortality. AF, atrial fibrillation; Cly, chronotropic index; IRR,

incidence rate ratio; SR, sinus rhythm.

Chronotropic response in heart failure

Appropriate HR response to exercise is crucial for increasing
cardiac output at maximal exercise in normal individuals® and HF
patients.'® CI is a common finding in patients with HF.1'¢1112 I
HFrEF, Cl leads to exercise intolerance, impairs quality of life, and is
associated with adverse events.*-® Likewise, increased HR in HFrEF

is also associated with adverse events'> and is a well-known
therapeutic target.!*

Regarding HFpEF, the optimal rest and exercise HR response
remains elusive. Recent studies have revealed that blunted
chronotropic response is a common finding associated with
limited functional capacity.''? Despite the unclear pathophysio-
logical mechanisms underlying CI in HFpEF, several potential
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mechanisms have been proposed for patients in SR: peripheral
muscle dysfunction, autonomic nervous imbalance, sinus node
remodeling causing a reduction in sinus node reserve, and
impairment of cardiac beta-receptor responsiveness.”'""!> Like-
wise, especially in patients with AF, the increased ventricular rate
is a common precipitating factor for HF decompensations and a
therapeutic target.!*

Chronotropic response across rhythm status and prognosis

It is well-known that the development of AF in patients with HF
is associated with a worse prognosis'® and poor functional
capacity.!®!” However, in HFrEF, previous studies showed that
HR response to exercise in HFrEF has different patterns in patients
with SR and AF.'®'” For example, in a cohort of 942 patients with
HFrEF, Agostoni et al.'” reported that those with AF exhibited
lower values of peak VO, and O, pulse but higher HR values at peak
exercise than participants in SR. This finding suggested that stroke
volume may be lower at peak exercise and that higher HR response
acted as a compensatory mechanism for increasing stroke volume
in those patients with AF.'” Thus, an increased HR response could
translate into an augmented sympathetic drive triggered to
maintain cardiac output.'®

In HFpEF, some studies have shown that patients with AF
exhibited lower values of peak VO, and O, pulse but no differences
in peak HR compared with those in SR.'®!'® Elshazly et al., '°
evaluated the CPET differences across rhythm status in 1744 young
HFpEF patients (239 patients—13.7%—in AF) with a mean age of
51.2 + 15.4 years. They found that AF patients had lower peak VO,, O,
pulse, and systolic blood pressure at peak exercise, a higher risk of
long-term total mortality, and no differences in peak HR compared
with those with SR."® Likewise, the current study did not find
differences in Cly across SR vs AF. However, the present findings
suggest that the type of rhythm largely influences the association
between chronotropic response to exercise and WHF events.
Depending on rhythm status, an exaggerated chronotropic response
might identify patients with HFpEF and a higher risk of WHF. Indeed,
a rapid ventricular response is a common precipitating factor of HF
decompensation in patients with AF.%°

Conversely, a blunted response might select those with SR at
higher risk in which CI might play a crucial causative role in
determining the inability to increase cardiac output during
exercise. Current findings are another example of the complex
and heterogeneous pathophysiology of HFpEF. This case highlights
the differential role of HF response during exercise across the type
of electrocardiographic rhythm.

Clinical implications and future lines of research

Under the premise that our findings need further validation in
future trials, we propose that the withdrawal or reduction of HR-
lowering treatment, or even HR increase, in patients with HFpEF
with documented CI may be a therapeutic strategy to reduce the
risk of WHF events and improve functional capacity, especially in
those with SR. Along this line, a recent small randomized clinical
that enrolled 52 patients with stable HFpEF (80.8% on SR), previous
treatment with beta-blockers (stable for at least 3 months prior to
inclusion), and documented CI (CI < 0.62) showed that short-term
peak VO, and the percentage of predicted peak VO, increased by
+2.1 + 1.29 mL/kg/min (P < .001)and + 11.74 £ 2.32% (P < .001) after
beta-blocker withdrawal. Interestingly, mediation analysis showed
that the main contributor to the improvement in maximal functional
capacity was the magnitude of changes in HR response.? In contrast, a
tight HR control using lowering HR treatments in those patients with

AF and exaggerated exercise HR response may be a valuable strategy
for preventing further episodes of WHF.29-23

Due to the large number of uncertainties in the diagnosis and
management of HFpEF, future studies in this field should aim to
provide: a) a better understanding of the pathophysiology of
chronotropic response both in patients with SR and AF; b) more
precise phenotyping of HFpEF regarding HR response, evaluating
the optimal range of HR in patients with HFpEF and whether it is
modified by AF or SR; and c) definition of the clinical utility of beta-
blockers or other HR-lowering treatment according to HFpEF
phenotype,?*~2% type of electrocardiogram rhythm, and HR
response.

Finally, this study emphasizes the role of exercise tests in
evaluating patients with HFpEF. CPET is a useful clinical tool for
identifying different exercise HR response phenotypes in HFpEF.

Study limitations

We acknowledge that the main limitations of this study are the
small sample size and the fact that this is an observational single-
center study. Second, this is a selected population with high rates
of beta-blocker prescription. Third, the current findings applied
only to symptomatic patients with stable HFpEF. They cannot be
extrapolated to other clinical scenarios, prevalent subgroups, or
milder forms of the syndrome. Fourth, we did not register the
longitudinal changes in the electrocardiographic type of rhythm or
medical treatment during the follow-up. Finally, the low statistical
power may explain some of the neutral findings.

CONCLUSIONS

In patients with clinically stable HFpEF, Cl, was differentially
associated with the risk of WHF events across rhythm status. In
addition, CI emerged as a risk factor for predicting WHF events in
patients with SR. Conversely, exaggerated HR response to exercise
identified a subgroup at higher risk of WHF events in patients with
HFpEF and AF. Further studies should confirm these results,
elucidate the underlying pathophysiological mechanisms behind
these findings, and define proper management.
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WHAT IS KNOWN ABOUT THE TOPIC?

o Chronotropic incompetence is associated with function-
al capacity and quality of life in heart failure with HFpEF.

e Previous evidence has shown that chronotropic incom-
petence in heart failure with reduced ejection fraction is
associated with increased all-cause mortality and all-
cause hospitalization.

o However, little is known about the usefulness of heart
rate response to exercise for risk stratification in heart
failure with HFpEF.

WHAT DOES THIS STUDY ADD?

e Heart rate response to exercise was differentially
associated with the risk of HF events across rhythm
status.

o Chronotropic incompetence increased the risk of heart
failure events in patients in sinus rhythm.

o A higher heart rate response increased the risk of heart
failure events in patients with atrial fibrillation.
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