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EDITORIAL COMMENT

Determinants and Correlates of
Exercise Capacity in Heart Failure*
Barry A. Borlaug, MD, Yogesh N.V. Reddy, MD

T

he heart, lungs, blood, vasculature, and skel-

was caused by impairments in both heart rate (HR)

etal muscle integrate in a complex way

and stroke volume (SV) (3). Left ventricular (LV)

to allow humans to interact with their envi-

function, assessed by mitral annular tissue velocities

ronment, through locomotion and other forms of

during systole and diastole, was impaired in both HF

physical exercise (1). This interaction becomes chal-

groups, and Doppler-estimated LV ﬁlling pressures

lenged in people with the clinical syndrome of heart

(E/e 0 ratio) were higher in the HF subjects, as ex-

failure (HF) (2). In addition to the very reasonable

pected. Each of these indices was correlated with

desire to live longer, people with HF also want to be

exercise capacity, both at rest and during exercise,

able to do things, like ascending stairs, carrying gro-

reinforcing the importance of myocardial dysfunction

ceries, or mowing the lawn. As health care providers,

in the pathophysiology of exercise intolerance in HF.

it is imperative for us to understand why they are

In addition to central factors (CO, ﬁlling pressures),

limited, so that we can offer ideas for effective ways

exercise capacity can also be constrained by factors

to improve exercise capacity and thus quality of life.

peripheral to the heart—including the vasculature,

SEE PAGE 803

endothelium, and skeletal muscle (2). Prior studies in
both HFrEF and HFpEF have demonstrated clearly

In this issue of the JACC: Heart Failure, Shimiaie et al.

that these peripheral factors also play an important

(3) present new data correlating indices of cardiovas-

role (7–12). The peripheral contribution was quantiﬁed

cular function with exercise capacity in people with and

in the current study by the arterial–venous O 2 content

without HF. Cardiopulmonary exercise testing was

difference (AVO2diff) (3). This parameter was not

performed with simultaneous echocardiography in 45

directly measured, but rather calculated from the

subjects—16 with HF and preserved ejection fraction

quotient of VO 2 and CO according to the Fick equation.

(HFpEF), 15 with HF and reduced ejection fraction

Peak V O2 was correlated with HR, SV, and AVO2diff

(HFrEF), and 14 with normal cardiac function. Data

in all 3 groups (HFpEF, HFrEF, and normal cardiac

were acquired at rest, during unloaded cycling, at

function), suggesting that these are key factors

anaerobic threshold, and at peak exercise. Aerobic ca-

affecting exercise performance, regardless of HF sta-

pacity was quantiﬁed by the peak rate of oxygen con-

tus (3). Mitral regurgitation worsened during exercise

sumption (V O2) achieved during exercise. Regression

in HFrEF subjects, as previously reported (13), and

analysis was performed to identify correlates of peak

this correlated with peak VO 2 in this cohort (but not

VO2 overall and within the 3 subject groups.

the other groups). This ﬁnding suggests that dynamic

Patients with HF displayed impaired exercise

mitral regurgitation is an important factor speciﬁc

capacity that was coupled with lower cardiac output

to HFrEF. The authors estimated LV diastolic cham-

(CO) (3) as shown in previous studies (4–7). The latter

ber compliance by the ratio of LV end-diastolic volume to E/e0 (3). Estimated compliance was decreased
in HFpEF compared with the other groups and was
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correlated with peak V O 2 in patients with HFpEF (but
not the other groups) (3). These data support the idea
that diastolic reserve limitations play an important
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role in people with HFpEF, conﬁrming and extending
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prior invasive studies (14–16).
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Multivariable analysis was then performed, com-

current study in HFrEF is likely related to poor CO

bining all 3 groups into the same sample (3). The

rather than enhanced peripheral/skeletal function

authors’ goal was to identify “determinants” of ex-

(6,18). This difference harks back to the important

ercise capacity, but these are only correlates because

distinction between “determinants” and “correlates”

causality cannot be proven in a cross-sectional study.

of lower peak VO 2, which are or can be 2 very different

Multivariable analysis showed that HR and AVO2diff

things.

were the strongest independent correlates of peak

The normal cardiac function group in the study of

VO2 . The authors concluded from this observation

Shimiaie et al. (3) was referred for evaluation of dys-

that exercise intolerance in HF is predominantly

pnea; therefore, by deﬁnition, they are not truly

owing to chronotropic incompetence and peripheral

“normal.” They were signiﬁcantly younger than the

factors. The interpretation that is supported by the

HF subjects and less likely to receive negative chron-

data is that exercise capacity is correlated indepen-

otropic medicines. This difference confounds the

dently with HR and AV O 2diff. A causal relationship is

HR responses observed, although the authors did

plausible but not proven by these data.

apply criteria that account for beta-blocker use in

A stronger case can be made from the authors’ data

their deﬁnitions of chronotropic incompetence. The

for HR as a “determinant” because this was both an

HFrEF patients enrolled seem fairly typical, but this

independent predictor and markedly impaired in

was not the case in the HFpEF group in the current

both HF groups (3). A caveat is that the absolute

study (3). Patients with HFpEF in the community

workload achieved was lower in HF patients, so it is

are typically older (75 to 85 years of age) women

hard to say whether lower HR was cause or conse-

(2:1 ratio), hypertensive, obese, and likely to display

quence of exercise limitation. Did the HF patients

multiple comorbidities (19). In the current sample, the

stop exercising prematurely because of dyspnea

HFpEF cohort was several decades younger (57 years),

before HR reserve was maximized? Or did the low HR

93% male, nonobese (body mass index of 26.6 kg/m 2),

truly limit them? The issue of HR response to exercise

largely normotensive (only 47% with hypertension),

in HF remains an important unanswered question.

with very few comorbidities (low Charlson index).

The RAPID-HF trial (NCT02145351) is currently testing

Despite the absence of typical risk factors and

the hypothesis that improved HR responsiveness via

comorbidities, there was marked concentric LV

rate-adaptive atrial pacing will improve exercise

remodeling in the HFpEF group (3), with an average
relative wall thickness of 0.54—much higher than

capacity in people with HFpEF.
A more controversial conclusion, at least based on

previously reported (20)—and more suggestive of

the data provided by Shimiaie et al. (3), centers on the

restrictive disease. These characteristics raise con-

role of the periphery. First, it should be noted that no

cerns about the generalizability of the current results

direct measure of vascular, peripheral, or skeletal

to patients with HFpEF seen every day in the

muscle function was performed. AV O 2diff was only

community.

weakly correlated with peak VO 2 in univariate anal-

The absence of an independent correlation be-

ysis (r ¼ 0.30; p ¼ 0.05). More important, there was no

tween 2 variables does not exclude the possibility

difference in AVO 2diff between the HFpEF and normal

that improving 1 variable may beneﬁt the other. For

cardiac function groups at any stage of exercise,

example, SV was not predictive of peak VO 2 in

making it difﬁcult to say that impaired AVO2diff

multivariable analysis (3). This ﬁnding may relate to

reserve was causing the limitation observed in

the fact that SV increases proportionately less with

HFpEF. Although some studies have shown impair-

exercise (20% to 40%) than HR does (200% to 400%)

ments in AV O2diff reserve in HFpEF (10–12), others

(2). It is also clear that assessment of SV by echocar-

have not (6,17), and it is likely that this is an impor-

diography has limitations, especially compared with

tant pathophysiologic distinction that contributes

HR, which can be determined with very high accuracy

to the heterogeneity among people with HFpEF.

and precision from an electrocardiogram. Therefore,

This points to a potentially valuable role for exercise

it seems inappropriate for the authors to conclude

phenotyping

in

HFpEF,

as

recently

suggested

(6,11,17).

that “therapies targeting cardiac function may never
improve exercise capacity in HF.” Indeed, even a

In the HFrEF group, Shimiaie et al. (3) observed

modest 7-ml increase in SV would improve exercise

that AVO2 diff was higher during exercise, which could

CO by 1 l/min at a HR of 140 beats/min. The absence of

be interpreted to reﬂect enhanced peripheral func-

a correlation should not be interpreted to prove

tion. However, a wealth of prior literature using more

absence for potential beneﬁt from intervention, and

direct measures have clearly shown that this is not

therapies targeting both central and peripheral limi-

the case (8), and the higher AVO 2diff observed in the

tations continue to hold promise in HF.
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The central implication raised by this study is that

available, exercise phenotyping in HF will remain a

exercise phenotyping may be useful to individualize

promising but unactionable concept, and we might con-

therapy, and this is a meritorious idea (3). However,

tinue to quibble over correlates and determinants when

before implementing this approach, one must ﬁrst

discussing people with HF and exercise intolerance.

rigorously deﬁne what is normal and abnormal for HR,
SV, AV O 2diff, LV tissue velocities, estimated LV

REPRINT REQUESTS AND CORRESPONDENCE: Dr.

compliance, and the host of other parameters that we

Barry A. Borlaug, Mayo Clinic and Foundation, 200

can measure, both in men and women and across

First Street SW, Rochester, Minnesota 55905. E-mail:

the age spectrum. Until those normative data are

borlaug.barry@mayo.edu.

REFERENCES
1. Rowell LB. Human Cardiovascular Control. New
York, NY: Oxford University Press, 1993.

intolerance: the hemodynamic paradox. Curr Cardiol Rev 2008;4:92–100.

2. Borlaug BA. Mechanisms of exercise intolerance
in heart failure with preserved ejection fraction.

9. Kitzman DW, Nicklas B, Kraus WE, et al. Skeletal
muscle abnormalities and exercise intolerance in
older patients with heart failure and preserved

Circ J 2013;78:20–32.
3. Shimiaie J, Sherez J, Aviram G, et al. Determinants of effort intolerance in patients with
heart failure: combined echocardiography and
cardiopulmonary stress protocol. J Am Coll Cardiol
HF 2015;3:803–14.
4. Sullivan MJ, Knight JD, Higginbotham MB,
Cobb FR. Relation between central and peripheral
hemodynamics during exercise in patients with
chronic heart failure. Muscle blood ﬂow is reduced
with maintenance of arterial perfusion pressure.
Circulation 1989;80:769–81.
5. Borlaug BA, Melenovsky V, Russell SD, et al.
Impaired chronotropic and vasodilator reserves
limit exercise capacity in patients with heart failure
and a preserved ejection fraction. Circulation
2006;114:2138–47.
6. Abudiab MM, Redﬁeld MM, Melenovsky V, et al.
Cardiac output response to exercise in relation to
metabolic demand in heart failure with preserved
ejection fraction. Eur J Heart Fail 2013;15:776–85.
7. Borlaug BA, Olson TP, Lam CS, et al. Global
cardiovascular reserve dysfunction in heart failure
with preserved ejection fraction. J Am Coll Cardiol
2010;56:845–54.
8. Nilsson KR, Duscha BD, Hranitzky PM,
Kraus WE. Chronic heart failure and exercise

ejection fraction. Am J Physiol Heart Circ Physiol
2014;306:H1364–70.
10. Haykowsky MJ, Brubaker PH, John JM,
Stewart KP, Morgan TM, Kitzman DW. Determinants of exercise intolerance in elderly heart
failure patients with preserved ejection fraction.
J Am Coll Cardiol 2011;58:265–74.
11. Dhakal BP, Malhotra R, Murphy RM, et al.
Mechanisms of exercise intolerance in heart failure
with preserved ejection fraction: the role of
abnormal peripheral oxygen extraction. Circ Heart
Fail 2015;8:286–94.
12. Bhella PS, Prasad A, Heinicke K, et al.
Abnormal haemodynamic response to exercise in
heart failure with preserved ejection fraction. Eur J
Heart Fail 2011;13:1296–304.
13. Lapu-Bula R, Robert A, Van Craeynest D, et al.
Contribution of exercise-induced mitral regurgitation to exercise stroke volume and exercise
capacity in patients with left ventricular systolic
dysfunction. Circulation 2002;106:1342–8.
14. Borlaug BA, Jaber WA, Ommen SR, Lam CS,
Redﬁeld MM, Nishimura RA. Diastolic relaxation
and compliance reserve during dynamic exercise in
heart failure with preserved ejection fraction.
Heart 2011;97:964–9.

15. Borlaug BA, Nishimura RA, Sorajja P, Lam CS,
Redﬁeld MM. Exercise hemodynamics enhance
diagnosis of early heart failure with preserved
ejection fraction. Circ Heart Fail 2010;3:588–95.
16. Andersen MJ, Olson TP, Melenovsky V,
Kane GC, Borlaug BA. Differential hemodynamic
effects of exercise and volume expansion in people with and without heart failure. Circ Heart Fail
2015;8:41–8.
17. Santos M, Opotowsky AR, Shah AM, Tracy J,
Waxman AB, Systrom DM. Central cardiac limit to
aerobic capacity in patients with exertional pulmonary venous hypertension: implications for
heart failure with preserved ejection fraction. Circ
Heart Fail 2015;8:278–85.
18. Katz SD, Maskin C, Jondeau G, Cocke T,
Berkowitz R, LeJemtel T. Near-maximal fractional
oxygen extraction by active skeletal muscle in
patients with chronic heart failure. J Appl Physiol
2000;88:2138–42.
19. Andersen MJ, Borlaug BA. Heart failure with
preserved ejection fraction: current understandings
and challenges. Curr Cardiol Rep 2014;16:501.
20. Borlaug BA, Lam CS, Roger VL, Rodeheffer RJ,
Redﬁeld MM. Contractility and ventricular systolic
stiffening in hypertensive heart disease insights into
the pathogenesis of heart failure with preserved
ejection fraction. J Am Coll Cardiol 2009;54:410–8.

KEY WORDS exercise, heart failure,
hemodynamics, periphery, ventricular function

817

