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ABSTRACT

BALDASSARRE, G., V. AZZINI, L. ZUCCARELLI, C. DEGANO, F. GRANIERO, G. PLETT, M. FLOREANI, S. LAZZER, L. MOS,

and B. GRASSI. In Cardiac Patients β-Blockers Attenuate the Decrease in Work Rate during Exercise at a Constant Submaximal Heart Rate.

Med. Sci. Sports Exerc., Vol. 55, No. 11, pp. 1995-2001, 2023. Purpose: Exercise prescription based on fixed heart rate (HR) values is not

associated with a specific work rate (WR) during prolonged exercise. This phenomenon has never been evaluated in cardiac patients andmight

be associated with a slow component of HR kinetics and β-adrenergic activity. The aims were to quantify, in cardiac patients, theWR decrease

at a fixedHR and to test if it would be attenuated by β-blockers.Methods: Seventeen patients with coronary artery disease in stable conditions

(69 ± 9 yr) were divided into two groups according to the presence (BB) or absence (no-BB) of a therapy with β-blockers, and performed on a
cycle ergometer: an incremental exercise (INCR) and a 15-min “HRCLAMPED” exercise, in whichWRwas continuously adjusted to maintain a

constant HR, corresponding to the gas exchange threshold +15%. HR was determined by the ECG signal, and pulmonary gas exchange was

assessed breath-by-breath. Results: During INCR, HRpeak was lower in BB versus no-BB (P < 0.05), whereas no differences were observed

for other variables. During HRCLAMPED, the decrease in WR needed to maintain HR constant was less pronounced in BB versus no-BB

(−16% ± 10% vs −27 ± 10, P = 0.04) and was accompanied by a decreased V̇O2 only in no-BB (−13% ± 6%, P < 0.001). Conclusions:

The decrease in WR during a 15-min exercise at a fixed HR (slightly higher than that at gas exchange threshold) was attenuated in BB,

suggesting a potential role by β-adrenergic stimulation. The phenomenon may represent, also in this population, a sign of impaired exercise

tolerance and interferes with aerobic exercise prescription. Key Words: EXERCISE PRESCRIPTION, EXERCISE TOLERANCE,

CARDIOVASCULAR DISEASE, HR KINETICS, β-BLOCKERS
Compelling evidence indicates that physical inactivity
is implicated in the etiology of numerous chronic dis-
eases that impact negatively on the health status (1,2).

On the contrary, regular physical activity improves the quality
of life by increasing exercise tolerance and by reducing the risk
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1995
of all-cause mortality in a dose–response manner (3). Although
some physical activity is better than none, an individually tai-
lored exercise prescription is more effective in improving the
subjects’ physical performance and eventually their health
(4,5). Exercise prescription is often done in terms of exercise
domains (4,5), which have distinct characteristics in terms of
metabolic responses and fatigue. Too often, however, intensity
prescription for aerobic exercise, both in healthy and diseased
populations, is defined in terms of work rates corresponding
to a fixed percentage of heart rate (HR) reserve or of peak HR
(4,6–10), mainly for the facility of tracking HR by wearable
HR meters or cell phones. Studies by our group, however,
demonstrated that both in healthy young subjects (11,12)
and in obese patients (13), a disproportionate increase in HR
(“slow component” of HR kinetics) is present during constant
work rate exercises. The slow component of HR kinetics oc-
curs at lower work rates (below the gas exchange threshold
(GET)) compared with the slow component of pulmonary
O2 uptake (V̇O2) kinetics (11,12). Furthermore, above GET,
the relative amplitude of the HR slow component is more

mailto:bruno.grassi@uniud.it
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pronounced than that of _VO2 slow component (11,12). As a
consequence of this phenomenon, during exercise carried out for
15 min at a constant HR, slightly above that corresponding
to GET, an intensity often recommended by guidelines for aer-
obic exercise (4,5,14), work rate had to significantly decrease to
maintain HR constant, both in healthy young subjects (11,12)
and in obese patients (13). At times, the decreased work rate
led to changes in exercise domain, from the heavy to the moder-
ate intensity (12). All these obviously make exercise prescription
and evaluation based on specific percentages of HR peak poten-
tially inaccurate.

The phenomena described previously have never been in-
vestigated in cardiac patients, a population in which exercise
prescription is often performed in terms of fixed percentages
of HR max (10,15). Therefore, the main aim of the present
study was to identify and quantify in coronary artery disease
patients in stable conditions the decrease in work rate during
exercise performed at a fixed HR, set at a value slightly higher
than that corresponding toGET. Considering that this phenom-
enon represents a biomarker of exercise tolerance (12,13), if
confirmed, the proposed approach may be of interest also for
diseased populations. We also intended to test the hypothesis
that the decrease in work rate, being associated with a slow
component of HR kinetics, would be significantly attenuated
by the administration of β-blockers (BB). These drugs sig-
nificantly improve the prognosis of these patients (16) by re-
ducing the β-adrenergic drive, which has been proposed as a
potential cause of the HR slow component (13,17).
MATERIALS AND METHODS

Patients. Nineteen patients (17 men and 2 women)
followed by the Physical Exercise Prescription Center, Depart-
ment of Medicine, University of Udine, situated in the Hospi-
tal of Gemona del Friuli, were selected for this study. All sub-
jects had cardiovascular diseases (17 coronary artery disease, 1
heart failure, and 1 hypertensive cardiac disease) and were in
stable clinical conditions. Participants were divided into two
groups according to the presence or absence of an ongoing
therapy with β1-selective blockers: in group BB (n = 10;
mean ± SD: age, 69 ± 7 yr; height, 1.75 ± 0.11 m; body mass,
86.0 ± 13.7 kg), patients were treated with BB (atenolol
50 mg·d−1 (n = 1), or bisoprolol 2.5–7.5 mg·d−1 (n = 8), or
metoprolol 2 � 50 mg·d−1 (n = 1)), whereas in group no-BB
(n = 9; mean ± SD: age, 71 ± 11 yr; height, 1.73 ± 0.08 m;
body mass, 79.5 ± 11.8 kg), patients were not treated with
TABLE 1. Main cardiovascular and metabolic medications, and relative number of patients
(treated with BB or without BB (no-BB)) taking the reported drugs during the study period.

Medications BB No-BB

Antiarrhythmics 0 3
Anticoagulants and antiplatelets 8 8
Antidiabetics 2 1
Antihypertensives 8 7
Antihyperuricemic agents 5 1
Anti-ischemic agents 2 1
Diuretics 3 1
Lipid-lowering agents 9 8

1996 Official Journal of the American College of Sports Medicine
BB. Other cardiovascular and metabolic medications taken
by patients during the study period are also reported in Table 1.

One patient (group no-BB) was excluded from the study be-
cause of the occurrence of frequent ventricular ectopic beats
during the incremental exercise, which led to the premature in-
terruption of the test. Another patient of group BB complained
of increasing exertional dyspnea and was excluded because of
a moderate anemia ([Hb] 9.6 g·dL−1). Therefore, only 17 pa-
tients (9 for group BB and 8 for group no-BB) completed the
testing procedures and were included in the statistical analysis.

All subjects gave their written informed consent after they
received a detailed explanation of the experimental procedures
before the start of the study, whose protocol was approved
(Prot. IRB: 84/2022; June 6, 2022) by the Institutional Review
Board of the Department of Medicine, University of Udine.

Experimental protocol. Participants were required to
come to the laboratory on three separate occasions. On their first
visit, subjects underwent a physical examination and anthropo-
metric measurements were performed. During the second visit,
the participants completed an incremental exercise on an elec-
tronically braked cycle ergometer (Ergoselect 100; Ergoline
GmbH) until voluntary exhaustion. Pedaling frequency was dig-
itally displayed to the subjects, who were asked to keep a con-
stant cadence throughout the tests between 60 and 65 rpm. Vol-
untary exhaustion was defined as the incapacity to maintain the
imposed load and pedaling frequency despite vigorous encour-
agement by the researchers. The incremental exercise protocol
consisted of ramp increases of 15–30 W·min−1 (preceded by a
resting baseline and by 2 min at 10–20 W), depending on the
characteristics and the predicted functional capacity of each pa-
tient; the aim was to reach voluntary exhaustion in 10–15 min.

During the third visit to the laboratory, patients performed an
“HR-controlled” exercise (HRCLAMPED), inwhichwork ratewas
continuously adjusted to maintain a constant HR, equivalent to
GET +15%. During the first 2 min of HRCLAMPED, work rate
was progressively increased to reach the work rate target value;
thereafter, it was kept constant for 3min, and then it was adjusted
by the operator by decreasing/increasing by 2 W every 5 s, to
maintain HR constant for the remaining 15 min of the exercise.

Measurements. Pulmonary ventilation (V̇E), O2 uptake
(V̇O2), and CO2 output (V̇CO2) were assessed breath-by-
breath by a metabolic cart (Quark PFTergo; Cosmed, Rome,
Italy). Expiratory flowmeasurements were performed by a tur-
bine flow meter, calibrated before each experiment by a 3-L
syringe at three different flow rates. Calibration of O2 and
CO2 analyzers was performed before each experiment by uti-
lizing gas mixtures of known composition. Gas exchange ratio
(R) was calculated as V̇CO2/V̇O2. GET was determined using
the “V-slope”method and “secondary criteria” (18); the respi-
ratory compensation point (RCP) was determined by standard
criteria (19). To identify the work rate and HR corresponding
to V̇O2 at GET, the effect of the delayed V̇O2 adjustment to
the increased work rate during the incremental test was
corrected by shifting the linear V̇O2 versus time relationship
to the left, by an amount corresponding to the mean response
time of the V̇O2 kinetics (20) of a similar patients’ population
http://www.acsm-msse.org
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TABLE 2. Peak values of the main respiratory, cardiovascular, and metabolic variables de-
termined during the incremental exercise in coronary artery disease patients in stable con-
ditions treated with BB or not treated with BB (no-BB).

BB No-BB P

Peak work rate (W) 155 ± 50 165 ± 55 0.71
V̇O2peak (L·min

−1) 1.814 ± 0.501 1.753 ± 0.510 0.81
V̇O2peak (mL·kg

−1·min−1) 21.2 ± 4.8 22.9 ± 8.5 0.61
V̇CO2peak (L·min

−1) 2.050 ± 0.587 2.180 ± 0.652 0.67
Rpeak 1.13 ± 0.10 1.24 ± 0.13 0.06
V̇Epeak (L·min

−1) 80.5 ± 20.1 77.3 ± 21.7 0.76
VTpeak (L) 2.22 ± 0.51 2.06 ± 0.46 0.50
fRpeak (breaths per minute) 37 ± 6 37 ± 6 0.73
PetO2peak (mm Hg) 118.1 ± 3.6 116.9 ± 5.5 0.60
PetCO2peak (mm Hg) 31.4 ± 4.0 33.9 ± 4.7 0.26
HRpeak (bpm) 114 ± 19* 139 ± 23 0.03
HRpeak (%HRmax pred) 71 ± 12* 88 ± 11 0.01
V̇O2GET (L·min

−1) 1.198 ± 0.211 1.150 ± 0.285 0.70
V̇O2GET (%V̇O2peak) 67 ± 12 66 ± 6 0.82
Work rateGET (W) 62 ± 18 62 ± 28 0.93
HRGET (bpm) 81 ± 9 90 ± 17 0.18
V̇O2RCP (L·min

−1) 1.603 ± 0.405 1.566 ± 0.418 0.86
V̇O2RCP (%V̇O2peak) 89 ± 6 90 ± 5 0.83

Data are means ± SD. P values relate to differences between groups by means of Student’s
unpaired t-test. Data related to the GET and to the RCP are also presented.
fR, breathing frequency; HRGET, HR at GET; HRmax pred, age-predictedmaximal HR; PetCO2, end-tidal
CO2 partial pressure; PetO2, end-tidal O2 partial pressure; V̇CO2peak, CO2 output; V̇Epeak, pulmo-
nary ventilation; V̇O2GET, pulmonary oxygen uptake at GET; V̇O2peak, pulmonary oxygen uptake;
V̇O2RCP, pulmonary oxygen uptake at RCP; VT, tidal volume; Work rateGET, work rate at GET.
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(21,22). HR was determined from a 12-lead electrocardiogra-
phy (Quark C12x; Cosmed).

Mean values of ventilatory and pulmonary gas exchange,
and cardiovascular variables were calculated during the last
20 s of each minute of exercise for both the incremental and
the HRCLAMPED exercises; values obtained during the exhausting
work rate of the incremental exercisewere considered peak values.

Statistical analysis. Results are expressed as mean ± SD
values. Statistical significance of the differences between the
two groups (BB vs no-BB) was checked by two-tailed Stu-
dent’s unpaired t-tests. Respiratory and cardiovascular vari-
ables measured over several time periods during HRCLAMPED

exercises were analyzed using a two-way (condition–time)
repeated-measures ANOVA. Significant interaction effects
were followed up by Tukey post-hoc test. Single and two lin-
ear regressions were carried out by the least-squared residuals
method. Comparisons between the two fitting models were
carried out using the F-test. The level of significance was set
at 0.05. Statistical analyses were carried out by a commercially
available software package (Prism 8.0; GraphPad).
FIGURE 1—Mean ± SD values of HR andwork rate during HRCLAMPED exercis
The horizontal dashed line indicates the mean HR target value. *,+Statistically d
ferent from the value obtained in the no-BB group (P < 0.05). See text for furthe

HRCLAMPED EXERCISE IN CARDIAC PATIENTS
RESULTS

Peak values of themain respiratory and cardiovascular variables
obtained during the incremental exercises are reported in Table 2.
No significant differences were found in BB versus no-BB for
V̇O2peak, peak work rate, and other variables ( _VCO2, R, _VE,
tidal volume, breathing frequency, end-tidal O2 partial pres-
sure, end-tidal CO2 partial pressure) determined at peak exer-
cise. As expected, HRpeak was significantly lower in BB than
in no-BB, both when the variable was expressed in breaths per
minute or in percentage of the age-predicted maximum values
(calculated as 208 − 0.7 · age [23]). More specifically, expressed
as a percent of the age-predicted maximum, HRpeak values
were about 90% in no-BB and about 70% in BB, and the
extent of the HRpeak decrease after BB administration (about
−20%) was similar to that reported in the literature (24).

V̇O2, work rate, and HR at GET, as well as V̇O2 at RCP
were not different between the two groups. Both in BB and
no-BB, _VO2 at GET and at RCP corresponded to about 65%
and about 90% of V̇O2peak, respectively.

In Figure 1, mean ± SD values of HR and work rate obtained
during the HRCLAMPED exercise are shown. In both groups, HR
mean target value (set at 90 ± 8 and 107 ± 16 beats per minute
in BB and no-BB, respectively, corresponding to 115% of
GET) was reached within the first 5 min of exercise and re-
mained constant throughout the test, indicating that the aim
of the protocol (keeping HR constant) was successfully
reached in both groups. HR values during exercise were signif-
icantly lower in BB than in no-BB. In both groups, work rate
had to decrease to keep HR constant, and the decrease was
more pronounced in no-BB versus BB.

The different work rate decreases in the two groups are
more clearly evident in Figure 2, in which individual and
mean ± SD values of the decreases of the variable from the
3rd to 20th minutes of exercise are presented. Work rate de-
creases in no-BB were significantly greater than in BB, both
when expressed inW (−12 ± 7 vs−20 ± 6W,P= 0.02; left panel)
and as a percent of the third minute value (−16% ± 10% vs
−27% ± 10%, P = 0.04; right panel).

Interestingly, the work rate decreases determined a shift in
the exercise intensity domains (Fig. 3). Both in BB and no-
BB, the mean values of work rate were above GET (i.e., in
es in patients treated with BB and in patients not treated with BB (no-BB).
ifferent from the highest value of the variable (P < 0.05). #Statistically dif-
r details.

Medicine & Science in Sports & Exercise® 1997



FIGURE 2—Individual and mean ± SD values of the absolute and per-
centage changes in work rate during the HRCLAMPED exercise in cardiac
patients treated with BB or not treated with BB (no-BB). *Statistically dif-
ferent from the value obtained in the no-BB group (P < 0.05).

FIGURE 4—Mean ± SD values of work rate from the 3rd to 20th minutes
of HRCLAMPED exercises in patients treated with BB and in patients not
treated with BB (no-BB). The fitted single and two linear regression lines
are also shown. See text for further details.
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the heavy-intensity domain) at the third minute of exercise, but
were significantly reduced as exercise progressed tomaintain HR
constant, becoming similar to GET (i.e., at the boundary between
moderate-intensity and heavy-intensity domains) at the end of the
exercise. Individual values in no-BB (left panels) show that at
the end of the exercise, five of 8 patients were exercising be-
low GET, that is, in the moderate-intensity domain.

Also, the time courses of the work rate decreases in the two
groups seem to be of interest. In Figure 4, the work rate data
presented in the left panel of Figure 1 are shown with ex-
panded x (from minute 3 to minute 20) and y axes, to better
appreciate the time courses of the variables. Whereas, in no-
BB, the work rate decrease versus time followed a linear func-
tion throughout the period, in BB, after a linear decrease from
minute 3 to about minute 9 (this linear decrease was substan-
tially superimposed on that observed in no-BB), the variable
kept substantially constant until the end of the exercise.

The equation that best fitted the experimental data (single vs
two linear regressions) was determined using the F-test (see
Statistical analysis). Implications of these different time
courses will be analyzed in the Discussion section.
FIGURE 3—Individual andmean ± SD values of work rate at the 5th (Ini-
tial) and 20th minutes (End) of the HRCLAMPED exercise in cardiac pa-
tients treated with BB or not treated with BB (no-BB). The horizontal
dashed line indicates the mean value of the work rate at the GET, whereas
the two horizontal dotted lines indicate its SD. ***P < 0.001. See text for
further details.

1998 Official Journal of the American College of Sports Medicine
Mean ± SD values of V̇O2, V̇CO2, and R obtained during
the HRCLAMPED exercise are shown in Figure 5. Individual
and mean ± SD values of the of the variable at the 3rd and
20th minutes of exercise are presented in Figure 6. V̇O2 did
not change in BB, whereas it significantly decreased in no-
BB. V̇CO2 and R decreased in both groups.
DISCUSSION

During a 15-min exercise set at a work rate corresponding to
an HR slightly above GET, patients with coronary artery dis-
ease in stable conditions have to significantly decrease work
rate to keepHR constant. Confirming our hypothesis, the work
rate decrease at a fixed HR was attenuated by BB administra-
tion, suggesting a potential role for the phenomenon attribut-
able to β-adrenergic stimulation. The decreased work rate at
a fixed HR slightly above GET, observed in the present study
in cardiac patients, confirms previous observations by our
group in young subjects (11), obese adolescents (13), and
young subjects undergoing bed rest (12).

Textbook of physiology says that a higher HR for the same
work rate indicates a decreased exercise tolerance (25–27). In
the present study and in our previous ones (11–13), we ob-
served a “mirror image” of the phenomenon, that is, a lower
work rate for the same HR. We postulate that the observation
represents a sign, or a biomarker, of impaired exercise tolerance
as well. In support of this concept are the observations that the
work rate decrease at a fixed HR was smaller after exercise
training (13) and was greater after bed-rest deconditioning
(12). In the present study, we demonstrate that this biomarker
of impaired exercise tolerance can be identified also in patients
with cardiovascular diseases. The approach should be of inter-
est also from a practical point of view, because it is based on
variables (HR and work rate), which can be easily determined
with great precision during exercise, carried out with different
ergometers or even in field studies. Moreover, the method does
http://www.acsm-msse.org
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FIGURE 5—V̇O2, V̇O2, and R during HRCLAMPED exercises in patients
treated with BB and in patients not treated with BB (no-BB). *,+Statisti-
ically different from the highest value of the variable (P < 0.05). #Statisti-
cally different from the value obtained in the no-BB group (P < 0.05). See
text for further details.

FIGURE 6—Individual and mean ± SD highest (Initial) and last minute
(End) values of V̇O2, V̇CO2, and R recorded during HRCLAMPED exercise
in cardiac patients treated with BB and in patients not treated with BB
(no-BB). **P < 0.01; ***P < 0.001.
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not need gas exchange measurements, or the need for the
subject/patient to perform several repetitions of submaximal,
maximal, and supramaximal exercises, as imposed by other
HRCLAMPED EXERCISE IN CARDIAC PATIENTS
approaches frequently utilized to evaluate exercise tolerance,
and based on the determination of the power–duration curve
and critical power (28). If adequately standardized, the
approach described in the present study may be valuable also
in diseased populations. The observed phenomena (decreases
in work rate and (in no-BB) in V̇O2 at a fixed HR) represent a
sort of a mirror image of the progressive increases in HR and
V̇O2 as a function of time (traditionally termed “slow compo-
nent”) observed during heavy-intensity (above GET) constant
work rate exercise (11–13,29,30).Whereas the V̇O2 slow com-
ponent is associated with decreased efficiency of contractions
and fatigue (31), the physiological significance of the HR slow
component is less clear, and mostly anecdotal observations are
present in the literature (17,30,32–36). A previous study from
our group (11) demonstrated that the HR slow component i)
Medicine & Science in Sports & Exercise® 1999
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occurs also during moderate-intensity exercise and ii) is more
pronounced, percentage-wise, than the V̇O2 slow component
during heavy-intensity exercise. Potential mechanisms responsible
for the HR slow component include an increased body temper-
ature (37) and an increased β-adrenergic drive (17). Indepen-
dently from the cause, however, an increasing HR for the same
work rate (HR slow component) would inevitably be associ-
ated with a decreasing work rate for the same HR, which
was the phenomenon observed in the present and in our previ-
ous studies (11–13). In the present study, by observing a less
pronounced work rate decrease for a constant HR in the pa-
tients of the BB group, we confirmed a potential role in the
phenomenon attributable to β-adrenergic stimulation. However,
considering the experimental design of the present study, we
cannot exclude that inherent group differences influenced our re-
sults. Therefore, future studies adopting a crossover experimen-
tal design, to be performed in healthy subjects and/or in patients,
could be helpful to strengthen the findings of the present study.

The interplay between the V̇O2 and HR slow components is
an issue that needs to be better elucidated. In the present study,
the work rate decrement was, in the no-BB group, more pro-
nounced than that needed to prevent the V̇O2 slow component.
Indeed, during HRCLAMPED exercise in the no-BB group, V̇O2

actually decreased (by about 13%), confirming previous ob-
servations in healthy young subjects (11,12). Significant de-
creases were observed also for V̇CO2 and R, variables whose
progressive increase would be indirectly associated with fa-
tigue. Which mechanism(s) could be held responsible for the
more pronounced decrease of work rate, compared with that
necessary to keep V̇O2 and R constant (that is to say, to prevent
slow components or continuous increases of these variables)? No
answer to this question can derive from the present results. An-
other mechanism that might play a role in the determination of
the HR slow component is the progressive decline in stroke vol-
ume associated with a parallel increase in HR, occurring after
~10 min of moderate-intensity exercise (38). It has been hypoth-
esized that this phenomenon is linked to hyperthermia and
dehydration-induced hypovolemia caused by prolonged exercise
(37). Unfortunately, body temperature or indices of dehydration
were not measured in the present study. However, the mirror im-
age of the HR slow component occurred well before the 10th
minute of exercise. Furthermore, Zuccarelli et al. (11) reported
that, during both moderate- and heavy-intensity constant work
rate exercises, there were no changes in stroke volume despite
a progressive increase in HR. It seems unlikely that hyperther-
mia or dehydration occurred during the relatively short and
very submaximal exercise bouts adopted in the present study.

The results of the present study should be relevant also in terms
of aerobic exercise prescription. Training intensity is often
prescribed at fixed HR value (4,6–10), mainly for its ease of
use, and this common practice is based on the concept of a linear
relationship between HR, V̇O2, and work rate (4). However, pre-
vious studies by our group (11–13) and the present one clearly
show that this notion does not hold true. Exercise prescription
at fixed HR values, slightly higher than that corresponding to
GET (as it is often done when aerobic training is involved), is
2000 Official Journal of the American College of Sports Medicine
inevitably associated, even within a relatively short time period
(about 15 min), with progressive and significant work rate and
V̇O2 decreases. This phenomenon occurred in young healthy sub-
jects (11,12), in obese adolescents (13) and in cardiac patients (no-
BB patients of the present study). Exercise prescription at a fixed
HR value, therefore, may not allow to adequately control the
metabolic stimulus and presumably the adaptations to training.

Exercise intensity prescription based on fixed HR values is
widely utilized also among patients with cardiovascular dis-
eases (see, e.g., Refs. [10,15]). In the present study, we dem-
onstrate that, also in this population, even a short duration task
(15 min), which corresponds to half of the minimum duration
of aerobic exercise recommended by guidelines (10), leads to
a substantial reduction in work rate (−27%) and in V̇O2 (−13%).
In the no-BBgroup, thework rate progressively decreased from a
value slightly above GET (high-intensity domain [39]) at the be-
ginning of the HRCLAMPED exercise to a value corresponding to
GET (boundary between high-intensity and moderate-intensity
domains [39]) at the end of 15-min task (Fig. 3). During exer-
cise training sessions of longer duration (e.g., 30–60min, which
is the typical duration prescribed by guidelines [4,10]), a shift to
the moderate-intensity domain seems likely, possibly altering
the exercise training stimulus. In more general terms, the effects
on training efficacy deriving from keepingHR constant or work
rate constant, during training sessions, remain to be specifically
evaluated in future studies. The aforementioned issue seems to
be attenuated in BB, in whom the work rate decrease during
HRCLAMPED was less pronounced than in no-BB, and presented
a plateau after about 9 min of exercise. In BB patients, more-
over, no V̇O2 decrease was observed during HRCLAMPED.

CONCLUSIONS

In conclusion, in coronary artery disease patients in stable con-
ditions, during a 15-min exercise on a cycle ergometer initially
set at a work rate corresponding to an HR slightly above GET
(as frequently done for aerobic exercise prescription), to keep
HR constant, work rate substantially decreased. Confirming our
hypothesis and suggesting a potential role by β-adrenergic
stimulation, the work rate decrease was less pronounced
(about 16%) in the patients treated with BB versus that observed
(about 27%) in patients not treated with BB (no-BB). The de-
crease in work rate at a fixed HRmay represent, also in cardiac
patients, a sign of impaired exercise tolerance (lower work rate
for the same HR) and makes aerobic exercise prescription
based on fixed submaximal HR values rather problematic.
The issue is less relevant in patients treated with BB. Future
studies will have to define if training intensity should be pre-
scribed at a fixed HR or at a fixed work rate.

The research was supported by the Ministero dell’Istruzione
dell’Università e della Ricerca, PRIN Projects 2017CBF8NJ and
2020EM9A8X, and by the Università degli Studi di Udine, WP6, Project
ALT FRAILTY, Active Aging UNIUD. The results of the study are pre-
sented clearly, honestly, and without fabrication, falsification, or inap-
propriate data manipulation. The results of the present study do not
constitute endorsement by the American College of Sports Medicine.

No conflicts of interest, financial or otherwise, are declared by the
authors.
http://www.acsm-msse.org

http://www.acsm-msse.org


D
ow

nloaded from
 http://journals.lw

w
.com

/acsm
-m

sse by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
yw

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

1y0abggQ
Z

X
dtw

nfK
Z

B
Y

tw
s=

 on 11/24/2023
REFERENCES

1. Lee IM, Shiroma EJ, Lobelo F, et al. Effect of physical inactivity on 19. Wasserman K,Whipp BJ, Casaburi R. Respiratory control during ex-
BA
SIC

SC
IEN

C
ES
major non-communicable diseases worldwide: an analysis of burden
of disease and life expectancy. Lancet. 2012;380(9838):219–29.

2. Booth FW, Roberts CK, Thyfault JP, Ruegsegger GN, Toedebusch
RG. Role of inactivity in chronic diseases: evolutionary insight and
pathophysiological mechanisms. Physiol Rev. 2017;97(4):1351–402.

3. Lee IM, Skerrett PJ. Physical activity and all-cause mortality: what is the
dose–response relation?MedSci SportsExerc. 2001;33(6Suppl):S459–71.

4. Riebe D, Ehrman JK, Liguori G, Magal M. ACSM’s Guidelines for
Exercise Testing and Prescription. 10th ed. Philadelphia (PA):
Wolters Kluwer Health; 2018. pp. 231–49.

5. Bull FC, Al-Ansari SS, Biddle S, et al. World Health Organization
2020 guidelines on physical activity and sedentary behaviour. Br J
Sports Med. 2020;54(24):1451–62.

6. Gormley SE, Swain DP, High R, et al. Effect of intensity of aerobic
training on _VO2max. Med Sci Sports Exerc. 2008;40(7):1336–43.

7. Nybo L, Sundstrup E, Jakobsen MD, et al. High-intensity training
versus traditional exercise interventions for promoting health. Med
Sci Sports Exerc. 2010;42(10):1951–8.

8. Macko RF, Ivey FM, Forrester LW, et al. Treadmill exercise rehabil-
itation improves ambulatory function and cardiovascular fitness in
patients with chronic stroke: a randomized, controlled trial. Stroke.
2005;36(10):2206–11.

9. Ivey FM, Ryan AS, Hafer-Macko CE, Goldberg AP, Macko RF.
Treadmill aerobic training improves glucose tolerance and indices
of insulin sensitivity in disabled stroke survivors: a preliminary re-
port. Stroke. 2007;38(10):2752–8.

10. Piepoli MF, Hoes AW, Agewall S, et al, ESC Scientific Document
Group. 2016 European Guidelines on cardiovascular disease preven-
tion in clinical practice: The Sixth Joint Task Force of the European
Society of Cardiology and Other Societies on Cardiovascular Disease
Prevention in Clinical Practice (constituted by representatives of 10
societies and by invited experts) Developed with the special contribu-
tion of the European Association for Cardiovascular Prevention &
Rehabilitation (EACPR). Eur Heart J. 2016;37(29):2315–81.

11. Zuccarelli L, Porcelli S, Rasica L, Marzorati M, Grassi B. Compari-
son between slow components of HR and _VO2 kinetics: functional
significance. Med Sci Sports Exerc. 2018;50(8):1649–57.

12. Baldassarre G, Zuccarelli L, Manferdelli G, et al. Decrease in work rate in
order to keep a constant heart rate: biomarker of exercise intolerance fol-
lowing a 10-day bed rest. J Appl Physiol (1985). 2022;132(6):1569–79.

13. Zuccarelli L, Sartorio A, De Micheli R, Tringali G, Grassi B. Obese
patients decrease work rate in order to keep a constant target heart
rate. Med Sci Sports Exerc. 2021;53(5):986–93.

14. Garber CE, Blissmer B, Deschenes MR, et al. American College of
Sports Medicine position stand. Quantity and quality of exercise for
developing and maintaining cardiorespiratory, musculoskeletal, and
neuromotor fitness in apparently healthy adults: guidance for pre-
scribing exercise. Med Sci Sports Exerc. 2011;43(7):1334–59.

15. Fletcher GF, Balady GJ, Amsterdam EA, et al. Exercise standards: a
statement for healthcare professionals from the American Heart As-
sociation. Circulation. 2001;104(14):1614–740.

16. Ponikowski P, Voors AA, Anker SD, et al. ESC Scientific Document
Group. 2016 ESC guidelines for the diagnosis and treatment of acute
and chronic heart failure: the task force for the diagnosis and treat-
ment of acute and chronic heart failure of the European Society of
Cardiology (ESC) developedwith the special contribution of the Heart
Failure Association (HFA) of the ESC. Eur Heart J. 2016;37(27):
2129–200.

17. Orizio C, Perini R, ComandèA, CastellanoM, BeschiM, Veicsteinas A.
Plasma catecholamines and heart rate at the beginning of muscular ex-
ercise in man. Eur J Appl Physiol Occup Physiol. 1988;57(5):644–51.

18. BeaverWL,WassermanK,WhippBJ. A newmethod for detecting anaer-
obic threshold by gas exchange. J Appl Physiol (1985). 1986;60:2020–7.
HRCLAMPED EXERCISE IN CARDIAC PATIENTS
ercise. In: Cherniack NS, Widdicombe JG, editors. Handbook of
Physiology Vol. 2. Bethesda (MD): American Physiological Society;
1986. pp. 595–619.

20. Whipp BJ, Davis JA, Torres F,Wasserman K. A test to determine pa-
rameters of aerobic function during exercise. J Appl Physiol Respir
Environ Exerc Physiol. 1981;50(1):217–21.

21. Koike A, Yajima T, Adachi H, et al. Evaluation of exercise capacity
using submaximal exercise at a constant work rate in patients with
cardiovascular disease. Circulation. 1995;91(6):1719–24.

22. Karsten M, Contini M, Cefalù C, et al. Effects of carvedilol on oxygen
uptake and heart rate kinetics in patients with chronic heart failure at
simulated altitude. Eur J Prev Cardiol. 2012;19(3):444–51.

23. Tanaka H, Monahan KD, Seals DR. Age-predicted maximal heart
rate revisited. J Am Coll Cardiol. 2001;37(1):153–6.

24. Petersen ES, Whipp BJ, Davis JA, Huntsman DJ, Brown HV,
Wasserman K. Effects of beta-adrenergic blockade on ventilation
and gas exchange during exercise in humans. J Appl Physiol Respir
Environ Exerc Physiol. 1983;54(5):1306–13.

25. Astrand PO, Rodahl K, Dahl HA, Stromme SB. Physiological basis
of exercise. In: Text Book of Work Physiology. 3th ed. New York
(NY): McGraw-Hill; 1986. pp. 369–71.

26. McArdle WD, Katch FI, Katch VL. Exercise Physiology: Nutrition,
Energy, and Human Performance. 2nd ed. Philadelphia (PA): Lea
& Febiger; 1986. pp. 274–5.

27. WassermanK, Hansen JE, Sue DY, Casaburi R,Whipp B. Principles
of Exercise Testing & Interpretation: Including Pathophysiology and
Clinical Applications. 3rd ed. Baltimore (MD): Lippincott Williams
& Wilkins; 1999. pp. 151–2.

28. Jones AM, Vanhatalo A, Burnley M, Morton RH, Poole DC. Critical
power: implications for determination of _VO2max and exercise toler-
ance. Med Sci Sports Exerc. 2010;42(10):1876–90.

29. Teso M, Colosio AL, Pogliaghi S. An intensity-dependent slow com-
ponent of HR interferes with accurate exercise implementation in
postmenopausal women.Med Sci Sports Exerc. 2022;4(4):655–64.

30. EngelenM, Porszasz J, RileyM,WassermanK,Maehara K, Barstow
TJ. Effects of hypoxic hypoxia on O2 uptake and heart rate kinetics
during heavy exercise. J Appl Physiol (1985). 1996;81(6):2500–8.

31. Grassi B, Rossiter HB, Zoladz JA. Skeletal muscle fatigue and de-
creased efficiency: two sides of the same coin? Exerc Sport Sci Rev.
2015;43(2):75–83.

32. Linnarsson D. Dynamics of pulmonary gas exchange and heart rate
changes at start and end of exercise. Acta Physiol Scand Suppl.
1974;415:1–68.

33. Hebestreit H, Kriemler S, Hughson RL, Bar-Or O. Kinetics of oxy-
gen uptake at the onset of exercise in boys and men. J Appl Physiol
(1985). 1998;85(5):1833–41.

34. Wasserman K, Van Kessel AL, Burton GG. Interaction of phys-
iological mechanisms during exercise. J Appl Physiol. 1967;
22(1):71–85.

35. Grassi B, Marconi C, Meyer M, Rieu M, Cerretelli P. Gas exchange
and cardiovascular kinetics with different exercise protocols in heart
transplant recipients. J Appl Physiol (1985). 1997;82(6):1952–62.

36. Bearden SE, Moffatt RJ. VO2 and heart rate kinetics in cycling: tran-
sitions from an elevated baseline. J Appl Physiol (1985). 2001;90(6):
2081–7.

37. González-Alonso JR, Mora-Rodríguez R, Below PR, Coyle EF. De-
hydration reduces cardiac output and increases systemic and cutane-
ous vascular resistance during exercise. J Appl Physiol (1985). 1995;
79(5):1487–96.

38. Coyle EF, González-Alonso J. Cardiovascular drift during prolonged
exercise: new perspectives. Exerc Sport Sci Rev. 2000;29(2):88–92.

39. Rossiter HB. Exercise: kinetic considerations for gas exchange.
Compr Physiol. 2011;1(1):203–44.
Medicine & Science in Sports & Exercise® 2001


