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A proper determination of the exercise intensity is important for the rehabilitation of patients with cardiovascular disease (CVD) since it
affects the effectiveness and medical safety of exercise training. In 2013, the European Association of Preventive Cardiology (EAPC), to-
gether with the American Association of Cardiovascular and Pulmonary Rehabilitation and the Canadian Association of Cardiac
Rehabilitation, published a position statement on aerobic exercise intensity assessment and prescription in cardiovascular rehabilitation
(CR). Since this publication, many subsequent papers were published concerning the determination of the exercise intensity in CR, in
which some controversies were revealed and some of the commonly applied concepts were further refined. Moreover, how to determine
the exercise intensity during resistance training was not covered in this position paper. In light of these new findings, an update on how to
determine the exercise intensity for patients with CVD is mandatory, both for aerobic and resistance exercises. In this EAPC position
paper, it will be explained in detail which objective and subjective methods for CR exercise intensity determination exist for aerobic and
resistance training, together with their (dis)advantages and practical applications.
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Introduction

Secondary cardiovascular disease (CVD) prevention integrates car-
diovascular rehabilitation (CR) as a central strategy. Multidisciplinary/
comprehensive CR leads to significant reductions in hospitalizations,
adverse cardiovascular nonfatal events, and mortality rates, as well as
improvements in the CVD risk profile and exercise capacity, in
patients with CVD.1–4 As a result, multidisciplinary CR is a class 1A
intervention, which should be offered to every patient with CVD,
with specific core components, including exercise.5

Exercise training should be prescribed according to the FITT [fre-
quency, intensity, time (duration), and type of exercise] model,
including aerobic and resistance training.5 As a general advice, for aer-
obic training, an exercise frequency of at least 3 days/week, preferably
6–7 days/week, at moderate or moderate-to-high intensity is pro-
moted.5 In addition, the prescription of resistance training twice a
week, at 30–70% of one-repetition maximum (1RM) for the upper
body and 40–80% of 1RM for the lower body, with 12–15 repeti-
tions/set, is supported.5 Exercise training should be arranged in order
to provide an energy expenditure of 1000–2000 kcal/week.5

In each exercise training plan, including CR, a proper determination
of the exercise intensity is key.6 Therefore, in 2013, the European
Association of Preventive Cardiology (EAPC) together with the
American Association of Cardiovascular and Pulmonary
Rehabilitation and the Canadian Association of Cardiac
Rehabilitation, published a position statement on the determination

of the exercise intensity in patients with CVD who intend to increase
their physical fitness or follow CR.7

However, since this publication, many new studies have been pub-
lished in this field, justifying the need for an updated EAPC position
statement on the determination of exercise intensity in CR. First, it
has been shown recently that the currently applied objective exercise
intensity determination techniques in CR should be revised consider-
ably, as internal inconsistencies were discovered.8,9 In addition, a per-
sonalized approach based on the patient’s preferences and abilities
should be followed (e.g. self-selected vs. imposed exercise inten-
sities), particularly in the context of long-term adherence.10,11

Certain clinically important aspects in exercise intensity determin-
ation are not yet covered, such as how to achieve permanent pro-
gression in exercise intensities during prolonged CR programmes,
and how to determine the exercise intensity during resistance train-
ing. In particular, which exercise intensities should be selected during
resistance training is currently a topic of intense debate.12 Finally, new
data have emerged considering the validity and reliability of subjective
exercise intensity determination techniques in CVD patients.13

As a result, due to these new findings/tendencies, and the lack of
guidance in certain aspects of exercise intensity determination in
CVD, there is a need for a new EAPC position statement, in which it
will be explained:

• why different exercise intensities matter,
• which are the current (objective and subjective) concepts in deter-

mining the exercise intensity during aerobic and resistance training,
• how to build in progression in exercise intensities during CR, and

Graphical Abstract

The adult Omnibus Resistance Exercise Scale (OMNI-RES) of perceived exertion for resistance training.125 Reproduced with permission from Ref.125
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.• how to personalize this approach based on the patients’ abilities
and preferences, by shared-decision making.

This position statement is devoted to cardiologists, physiothera-
pists, clinical exercise physiologists, nurses, and all specialists who
deal with exercise in CVD patients.

Methodology

The accumulation of the current evidence was based on a search
strategy of English language published research, consensus docu-
ments, and policy documents, by using electronic databases
(MEDLINE, EMBASE, and CINAHL), as selected, evaluated, and
reviewed by experts from the Section and authors of the original
documents. In the development process of this position paper, indi-
viduals from CR relevant professional groups were included and the
Appraisal of Guidelines for Research and Evaluation tool,14 as far as
derived rating of current CR guidelines,15 were taken into consider-
ation. Information on the views and preferences of the target popula-
tion was derived from the literature.16 From the collected evidence,
position statements have been formulated (see Table 1), as well as
limitations of the body of evidence, and an agreed approach in exer-
cise intensity determination in CR (see Figure 1). In final, all position
statements were carefully aligned with current position papers or
guidelines for CR and exercise prescription in CVD.5,17

Exercise intensity in aerobic
training: does it matter?

Impact on health outcomes
Several large observational studies have suggested that the relative
exercise intensity is more important than the duration to improve life
expectancy and lower the risk for chronic diseases in a primary pre-
vention setting. The Copenhagen City Heart Study, for example, fol-
lowed 5000 individuals over 20 years and analysed data on their self-
reported daily cycling habits.18 It was found that the ‘fast’ compared
to ‘slow’ cyclists lived longer, were leaner, had a lower blood pres-
sure and cholesterol levels, and a lower diabetes prevalence.18 In fact,
the life expectancy and risk factor burden were unrelated to the total
amount of daily cycling.

Whether this also applies to CVD patients, has been studied in-
tensely. There is a considerable variance across randomized con-
trolled trials with regards to the magnitude of improvement in
exercise capacity among patients with coronary artery disease
(CAD) or heart failure (HF) following CR.19 Although responders
and non-responders could have different phenotypes and genotypes,
leading to such variance, the selection of the training modalities could
also play a key role. According to a meta-regression analysis, which
examined studies that applied continuous exercise intensities as well
as high-intensity interval training (HIIT) in CAD and HF patients,
higher exercise intensities were independently associated with a
greater exercise capacity at CR completion, next to a lower age,
male sex, and lower baseline peak oxygen uptake (VO2peak).

19 For
each 10% increase in the applied exercise intensity [%VO2peak or
% peak heart rate (HRpeak)] across the trials, a greater mean

increase in VO2peak by 1.0 mL/kg/min was found (P = 0.04).19

However, it is questionable whether these differences in pooled
effects between exercise intensities are clinically meaningful at an
individual level.20,21 Whether or not a different continuous exer-
cise intensity is of paramount importance to affect CVD risk fac-
tors in patients with CVD, remains to be studied in greater detail,
although the training attendance seems to be greater when lower
exercise intensities are selected.22,23 The STRRIDE study at least
indicated that improvements in the components of the metabolic
syndrome was not driven by exercise intensity, but by exercise
volume.24

However, although the beneficial effects of aerobic training at a
higher continuous intensity are not always obvious, it is important to
set the intensity correct, and make significant progression in this in-
tensity during CR (by regular re-assessments), as will be explained
later in this manuscript.

High-intensity interval training vs.
moderate-intense continuous training
In the last decade, it has been intensely discussed whether HIIT specif-
ically outperforms moderate-intensity continuous training (MICT)
with regard to improvements in cardiorespiratory fitness, cardiovas-
cular risk factors, cardiac and vascular function, and quality of life
(QoL). There is a fundamental physiological difference between exer-
cising at a continuous moderate intensity vs. HIIT. During HIIT, the
calcium release, ATP turnover, and carbohydrate use is significantly
greater, when compared with MICT, which leads to a greater accu-
mulation of metabolites, ions, and free radicals. This accumulation is
key to the activation of Caþ/calmodulin-dependent protein kinase II
(CaMKII) and AMP-activated protein kinase (AMPK), which collect-
ively stimulate the gene expression for PGC-1a (peroxisome prolif-
erator-activated receptor gamma coactivator 1-alpha). Ultimately the
mitochondrial protein synthesis rates are greater after HIIT vs. MICT,
leading to a greater increase in mitochondrial content of the skeletal
muscles.25 Eventually, when accumulating several bouts of high-in-
tense exercise in HIIT, the total time spend at this intensity becomes
substantial. As a result, in particular, the skeletal muscles will be
exposed to intense exercise training. Because respiratory distress/
symptoms are prevented to (fully) emerge because of the short dur-
ation of the high-intense exercise, and great changes in cardiac output
are not mandatory to be able to execute HIIT, this type of exercise
training is also feasible for patients with respiratory or cardiac limita-
tions. Multiple studies have been performed in CAD patients and in
HF patients with a reduced ejection fraction (EF) (HFrEF) or pre-
served EF (HFpEF).26–30 The most recent and comprehensive meta-
analysis evaluated 24 studies (n = 11 in CAD, n = 11 in HFrEF, and
n = 2 in HFpEF) with a total of 1080 participants.28 A significantly
greater improvement in VO2peak was observed after HIIT, compared
to MICT [by þ1.40 mL/min/kg, in favour of HIIT; 95% confidence
interval (CI) 0.69–2.11; P <_ 0.001]. This greater improvement in
VO2peak remained significant in CAD and HFrEF patients, separately.
However, when the first study on HIIT in HFrEF patients from
Wisloff et al.31 was excluded from the analysis, the differences be-
tween interventions were no longer significant.28 Also, studies with a
sample size of <20 patients in each treatment group showed larger
differences between interventions, compared with studies with >50
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..patients in each treatment group.28 As a result, it was concluded that
large-scale RCT’s are needed to clarify these discrepancies.

To date, two large multicentre studies have compared HIIT vs.
MICT, one in CAD patients (SAINTEX-CAD, n = 200),32 and one in
HFrEF patients (SMARTEX-HF, n = 261).33 In the SMARTEX-HF
study, only NYHA class II (±70% of total group) and III (±30% of total
group) patients were included who were stable for at least 6 weeks,
and the control group was recommended to exercise regularly with-
out supervision.33 In contrast to the above-mentioned meta-analyses,
in both studies HIIT was not superior to MICT for improving

VO2peak.
32,33 The short-term effects of HIIT and MICT on VO2peak

were sustained after 1 year of follow-up in CAD patients,34,35 but
partly lost in HFrEF patients.31 Therefore, it seems that HIIT could be
a more time-efficient manner to improve VO2peak, as the total exer-
cise duration was significantly shorter, when compared with
MICT.33,34 Moreover, one key element in a valid comparison be-
tween HIIT and MICT is the total energy expenditure of the exercise
intervention. Two meta-analyses, one including CAD patients (12
studies, n = 609 patients),27 and one including HFrEF patients (13
studies, n = 411 patients),29 found that HIIT is not superior to MICT

Table 1 Take home messages and issues to be resolved

Take home messages

For aerobic exercises

The design of the exercise programme should primarily be aimed at optimizing total energy expenditure rather than on one specific training charac-

teristic (e.g. exercise intensity).

A correct determination of the exercise intensity in CVD patients is important as this leads to exercise programmes that are more time-efficient to

induce short-term clinical benefits.

In CAD and HF patients, higher exercise intensities are related to relatively greater risks for adverse cardiovascular events, but absolute risk remains

low.

The selection of the aerobic exercise intensity should be done in dialogue with the patient in a shared-decision making process.

The commonly used peak indices, such as VO2peak, HRpeak, HRR, and Wpeak, should be applied with great caution for the prescription of the aerobic

exercise training intensity in CVD patients.

The assessment of VT1 and VT2 during CPET, preferably by the nadir of the VE/VO2 and VE/VCO2 to WR relationships, provides reliable effort-in-

dependent parameters that should be used for the determination of the aerobic exercise intensity in the majority of CVD patients.

The talk test and Borg RPE scale should only be considered as an adjunct to an objective aerobic exercise intensity determination method in CVD

patients.

Progression should be made during CR, in which first the desired duration of the exercise session should be achieved before increasing the exercise

intensity.

When changes in physical fitness occur as result of CR, the VT1 and VT2 should be re-assessed to re-establish a proper aerobic exercise intensity, if

feasible.

For resistance exercises

High-intense dynamic resistance training leads to greater improvements in muscle strength in patients with elevated CVD risk, as opposed to low-in-

tense dynamic resistance training.

When executed properly, high-intense dynamic resistance training is equally safe as low-intense dynamic resistance training, in patients with CVD.

The selection of the resistance exercise intensity should be done in dialogue with the patient in a shared-decision making process.

To properly determine the exercise intensity during resistance training, a <10RM test can be used to set the initial weight, while the OMNI-RES can

be used to track the perceived intensity during the exercise sessions.

To allow further improvements in muscle strength, progressive resistance training is promoted in CR, in which the repetitions, intensity and resting

periods can be adjusted in such chronological order.

Issues to be studied/resolved

For aerobic exercises

The impact of different aerobic exercise intensities on CVD risk factors and other health indicators (e.g. cardiac function, vascular function) in CVD

patients remains to be studied in isocaloric comparisons.

The medical safety of aerobic exercise interventions with higher exercise intensities remains to be studied during long-term follow-up, in pro-

grammes lacking supervision, and patients with pathologies less commonly encountered in CR settings.

For resistance exercises

The clinical benefits of high- vs. low-intense dynamic resistance training, as well as isometric or eccentric resistance training, as an adjunct to aerobic

exercise training, remains to be examined in CR.

The haemodynamic impact of high- vs. low-intense dynamic resistance exercise remains to be studied in specific cohorts of patients with CVD.

A standardized approach for the progression in aerobic and resistance training in CR remains to be developed.

The impact of functional resistance training should be studied in prolonged CR.

The impact of self-selected vs. imposed exercise intensities on pleasure and displeasure of exercise, and long-term adherence to exercise training

advices, remains to be studied.

Exercise intensity determination in CR 233
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..when isocaloric exercise training programmes were compared. In
contrast, in another meta-analysis superior effects on VO2peak were
noticed in HIIT vs. isocaloric MICT, but only in programmes with a
greater total energy expenditure.28 Two systematic reviews con-
firmed that the total energy expenditure of the overall programme
actually is the strongest predictor of improvements in exercise cap-
acity in HF patients.36,37 This observation is well in line with the no-
tion that the number of patients who respond to HIIT, is not
significantly greater when compared with MICT.38 In contrast, it is the
total volume of exercise that elevates the likelihood to respond suffi-
ciently to the exercise intervention.38 The total energy expenditure
of an exercise programme is determined by the product of session
frequency and duration, training intensity, and programme length.
Hence, also in CAD patients, the design of the exercise programme
should be primarily aimed at optimizing total energy expenditure ra-
ther than focusing on one specific training characteristic (e.g. exercise
intensity).39 Indeed, a greater total exercise volume also predicts
greater beneficial changes in adipose tissue mass, blood HDL choles-
terol concentrations, and indicators for glycaemic control.40

Therefore, CR programmes with too low total training volumes do
not cause favourable changes in VO2peak or any other health param-
eter.41 For example, such an unfavourable outcome could be
expected when patients followed 16 supervised training sessions in
which the first exercise sessions lasted for 12 min and increased up to
23 min at the final exercise session, while the exercise intensity
increased from 46% of the heart rate reserve (HRR) up to 54% of
HRR.41

The impact of HIIT on other important parameters, related to
physical fitness, has also been examined. According to meta-analysis,
a significantly greater increase in VO2 at the first ventilatory threshold
(byþ0.88 mL/kg/min; 95% CI 0.16–1.60; P = 0.02) was observed after
HIIT vs. MICT.28 Other cardiorespiratory parameters (e.g. resting
HR, peak O2 pulse, VE/VCO2 slope, oxygen uptake efficiency slope,
and HR recovery after 1 min) responded similarly to HIIT vs. MICT,28

although this remains to be verified in isocaloric comparisons.
In HF (HFpEF and HFrEF) patients, left ventricular function (as indi-

cated by EF) and endothelial function [as indicated by flow mediated
dilation (FMD)] were incrementally improved after HIIT, compared
to MICT, but for FMD results were no longer significant after exclud-
ing patients with HFpEF.28 The cardiovascular risk factors [e.g. body
weight, systolic and diastolic blood pressure (BP), LDL- and HDL-
cholesterol, triglycerides, and glucose] respond similarly to HIIT vs.
MICT.28

Long-term adherence to exercise
training
The success of CR is highly dependent on long-term adherence.
Therefore, some studies measured the effects of exercise training
modalities on QoL, using generic and HF-specific questionnaires.
Overall, HIIT and MICT show comparable effects on QoL.28 The ad-
herence to exercise training prescriptions in HIIT vs. MICT in CAD
patients has only been assessed in two studies, with comparable out-
comes.42 In line with these findings, both the SAINTEX-CAD and
SMARTEX-HF studies indicate similar drop-out rates for non-medical

Figure 1 How to set the exercise intensity in CR. This figure depicts a flow diagram that can be used to set the exercise intensity during aerobic and
resistance training in cardiovascular rehabilitation.
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reasons in HIIT vs. MICT.32,33 Additionally, SMARTEX-HF showed a
relatively poor compliance to the prescribed exercise intensity: 51%
of patients in the HIIT group exercised at a lower intensity level than
prescribed, and 80% of patients in the MICT group exercised at a
higher intensity than was intended.33 In particular, during HIIT the 4-
min exercise peaks can be too long for a significant proportion of the
patients. This is critically important: according to a meta-regression
analysis no single exercise component is a significant predictor of
mortality outcomes, but the greatest reductions in total (RR 0.81,
P = 0.042) and cardiovascular mortality (RR 0.72, P = 0.045) are
observed in CR programmes with the highest participant exercise ad-
herence levels.43 As a result, it is important to decide together with
the patient what exercise intensities will be applied in a shared-deci-
sion making process. This will assist in long-term adherence to the
prescribed exercises. However, the most optimal HIIT protocol for
CVD patients still remains to be defined, taking into account the var-
iations in the patient’s phenotype and preferences, as well as the stage
of the CR programme (e.g. early, after a few weeks, after several
months of participation).44 Moreover, the impact of HIIT on CV
prognosis and lifelong adaptions towards an active lifestyle, remains
to be demonstrated.5

To conclude, the total energy expenditure is instrumental to im-
prove physical fitness and other health parameters in CR, so setting a
sufficient exercise intensity is important in this regard.

Impact on medical safety
In apparently healthy, but sedentary individuals, first-exposure high-
intensity aerobic training (at >75% VO2peak) significantly increases the
risk for acute myocardial infarction and, in rare occasions, sudden
death.45,46 This might be related to acute platelet activation and ag-
gregation, increased formation of thrombin and fibrin, the rise in
blood catecholamine concentrations, or increased endothelial shear
stress triggering a plaque rupture.47–49 In a study covering 25 420
CVD patients, 20 severe cardiac events were reported, of which 5
were related to exercise testing and 15 to exercise training.50 The
event rate was 1 per 8484 exercise stress tests and 1 per 49 565 pa-
tient-hours of exercise training, and the cardiac arrest rate was 1.3
per 1 000 000 patient training hours.50 These data clearly indicate
that current CR is very safe. However, in this multicentre study,
which included 65 centres across France, the impact of the exercise
intensity during exercise training was not analysed. A systematic re-
view [n = 1117 participants (HIIT: n = 547, MICT: n = 570)] indicated
that HIIT is associated with a relatively low rate of major adverse car-
diovascular events in CAD or HF patients (one major cardiovascular
adverse event in 11 333 HIIT training hours).51 Moreover, only one
minor cardiovascular adverse event and three non-cardiovascular ad-
verse events (primarily of musculoskeletal origin) were reported as
result of HIIT. Another systematic review reported that while HIIT
precipitates acute cardiac events at a rate that is six times higher than
MICT, comparisons of HIIT vs. MICT indicate that the absolute risk
for adverse cardiovascular events and musculoskeletal injury remains,
however, low.42 However, it must be mentioned that the relatively
low number of examined patients precludes robust conclusions on
the medical safety of HIIT.

Indeed, in most randomized trials, low-risk and/or clinically stable
patients were examined, the exercise interventions were of a rela-
tively short duration (most often up to 3 months), studies were not

powered for safety outcomes and exercise training was supervised:
this all mitigates the actual risks of HIIT.42,51 Moreover, for some indi-
cations (e.g. valve disease, electrophysiological heart diseases, con-
genital heart disease, etc.) the medical safety of HIIT is not known. In
final, safety precautions should also be taken into account during ex-
ercise training in the case of nephropathy and retinopathy (e.g. avoid
exercise hypertension), peripheral and autonomic neuropathy (e.g.
be aware of balance disorders or disturbed BP/HR response to exer-
cise), and foot deformations/wounds (e.g. be aware of orthopaedic
symptoms or bacterial infections), thus potentially contra-indicating
HIIT.5 These arguments may also explain why HIIT is a potential alter-
native to MICT to allow variation in exercise training but is not for-
mally promoted to all CVD patients.5

As a result, to the best and updated knowledge, this position paper
suggests that MICT is the most feasible and cost-effective aerobic
training modality for current CR activities in all referred populations.
HIIT could be prescribed in selected patients (such as stable CAD or
HF patients) for specific targets of intervention (e.g. to increase
VO2peak).

Exercise intensity determination
in aerobic training: methodology

In 2013, Mezzani et al.7 proposed a ‘threshold-based’ rather than a
‘range-based’ approach for exercise prescription to maximize the
benefits of aerobic exercise training in CR. The basis of this concept is
that the exercise intensity is determined more accurately when
related to physiological principles [i.e. the first and second ventilatory
threshold (VT)] than when expressed as a percentage of peak exer-
cise capacity.52 In fact, there is considerable inconsistency between
exercise intensity prescriptions based on the VT vs. indicators
derived from peak exercise parameters in CVD patients,8 highlighting
the need for standardization and adjustment of the current guidelines.
This part summarizes the utility and difficulties of current and novel
concepts for the determination of the exercise training intensity.

Objective methods
Indices of peak exercise capacity

The vast majority of CR guidelines recommend that aerobic exercise
training intensity is based on indices of peak effort, including % of
VO2peak, % of peak workload (Wpeak), % of peak HR (HRpeak), and %
of HR reserve (HRR) (i.e. the difference between peak and resting
HR; see Table 2),53 where peak values are usually defined as the high-
est average value of the last 20–30 s of an incremental symptom-lim-
ited cardiopulmonary exercise test (CPET). The most commonly
used definitions for maximal or near-maximal effort include a peak re-
spiratory gas exchange ratio (RER) >_1.10, the occurrence of a VO2

and/or HR plateau with increasing effort and/or a rating of perceived
exertion (RPE) >_18/20.7 Of note, most published and ongoing multi-
centre trials on exercise intensity in CVD patients have used thresh-
olds of peak indices (e.g. HRpeak, HRR) to define the exercise
intensity domains. An important problem associated with using these
indices of peak exercise capacity for exercise prescription is that not
all CVD patients achieve a (near-) maximal effort during CPET. It has
been observed that �15% of the patients do not achieve RER >_1.10,
in a general outpatient CR population (without claudication)8 and

Exercise intensity determination in CR 235
D

ow
nloaded from

 https://academ
ic.oup.com

/eurjpc/article/29/1/230/6291268 by Faculty of Life Sciences Library user on 21 February 2022



..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..even more in HF patients (around 46%).54 Moreover, a plateau in
VO2 is very often not observed.8,55 Another factor hampering the
utility of peak indices is the fact that Wpeak is highly influenced by the
ramp rate during a CPET. Its use provides a false positive or negative
VO2peak detection in up to �40% of the cases, reiterating the need
for alternative methods to assess or verify peak effort.55 Finally, differ-
ent peak indices cannot be used interchangeably for exercise training
prescription. In fact, at the same level of effort, different exercise in-
tensity domains are elicited, with a large inter-individual variation.8

For example, the first ventilatory threshold (VT1) occurs at the low-
intensity domain (3.7% of cases), moderate-intensity domain (34.9%
of cases), high-intensity domain (59.6% of cases), or very hard domain
(1.8% of cases).8 Moreover, very different distributions in elicited ex-
ercise intensity domains are noticed when referring this VT1 to
%HRpeak, %HRR or %Wpeak, and when extrapolations are made from
the second ventilatory threshold (VT2) to the exercise intensity
domains.8 Data from other laboratories align with these findings.9

Explanations for this observation could include beta-blocker use or
chronotropic incompetence, influencing the HR vs. VO2 relation-
ship,56 and a loss of linearity and high variability of the VO2 vs. work-
load relationship in CVD patients, and particularly in patients with HF
and myocardial ischaemia.57,58 However, it must be emphasized that
these exercise intensity domains also have been criticized recently in
healthy individuals.52,59 Moreover, these findings also indicate that
when a certain percentage of the VO2peak, HRpeak, HRR, or Wpeak is
selected, it is not sure whether this would be physiologically intense
enough, or too vigorous, for a significant proportion of CVD patients.
Clinicians should also decide whether they base the aerobic exercise
intensity on HR or WR (workload-based rehabilitation). The former
approach sometimes has the disadvantage that the HR zone between
VT1 and VT2 (as explained below) can be very small (e.g. a few beats/
min), making it difficult to properly set the target HR during exercise
training. Moreover, changes in beta-blocker therapy could further
complicate the determination of the target HR during exercise train-
ing. Whenever such change in beta-blocker dose has occurred, the
new target HR should be set by applying the workload from the last
few exercise sessions on the different exercise modes (e.g. bike,
treadmill), and note the new elicited HR after >_5 min of exercise.6

The workload-based approach in exercise intensity determination
has the disadvantage that it does not automatically change in accord-
ance to changes in exercise capacity (while HR does), so arbitrary
increments in the workload must be foreseen during CR to elicit suffi-
ciently effective exercise intensities.

Ventilatory threshold

An approach to avoid using the above-mentioned indices of peak ex-
ercise intensity for exercise training prescription is to relate the train-
ing intensity to VT1 and VT2. The VT1 represents the exercise
intensity corresponding to the transition from purely aerobic metab-
olism to a point where blood lactate begins to rise in the blood but
reaches equilibrium (as a result of progressive activation of anaerobic
glycolysis, with stable lactate levels of 1.5–2 mmol/L due to an equal
lactate rate of appearance vs. rate of disappearance). To counteract
this metabolic acidosis, ventilation (VE) starts to increase at a faster
rate than VO2 until an equilibrium is reached. The VT2, also called
the respiratory compensation point or ‘critical power’, represents
the exercise intensity at which blood lactate starts to increase rapidly,
and could further accumulate by prolonged exercise above this inten-
sity, due to tissue anaerobiosis, resulting in a disproportionate in-
crease in VE relative to CO2 production (VCO2) (with lactate levels
3–5 mmol/L and potentially increasing further due to a greater lactate
rate of appearance vs. rate of disappearance). The most commonly
used methods (see Figure 2) to assess VT1 include the nadir of the
VE/VO2 to work rate (WR) relationship (i.e. the lowest point in the
curve before VE/VO2 starts to increase) and the V-slope method in
which the slope of the linear relation between VO2 and VCO2

increases (i.e. the increase in VCO2 becomes faster than the VO2 in-
crease). VT2 corresponds to the nadir of the VE/VCO2 to WR rela-
tionship (i.e. the lowest point in the curve before VE/VCO2 starts to
increase) and the VE/VCO2-slope method in which the slope of the
linear relation between VE and VCO2 increases (i.e. the increase in
VE becomes faster than the VCO2 increase). These thresholds could
then be extrapolated to the corresponding WR, HR, or exercise
time. Typically, from those extrapolations the ‘exercise training
zones’ could then be determined: low-intense (at an HR or WR
below VT1), moderate-intense (at an HR of WR between VT1 and
VT2), and high-intense (at an HR or WR above VT2).

In contrast to the indices of peak exercise capacity, VT1 and VT2
are effort-independent and can be achieved by the vast majority of
the general CVD population. Yet, several difficulties may hamper the
reliability of the determination of these thresholds. Concerning the
V-slope method, a sub-analysis of the HF-Action trial shows that 17%
of patients with HF have an indeterminate VT1 on at least one test
with a substantial amount of within-subject variability between two
consecutive tests.60 In addition, a high inter-observer, intra-observer,
and inter-site variation is present when determining the VT by the V-
slope method.61 In fact, similar findings have been reported in CAD
patients: in 8% and 4% (during cycling or walking exercise tests,

....................................................................................................................................................................................................................

Table 2 Classification of aerobic exercise intensity17

Intensity VO2max (%) HRmax (%) HRR (%) RPE scale Training zone

Low intensity, light exercise <40 <55 <40 10–11 Aerobic

Moderate intensity exercise 40–69 55–74 40–69 12–13 Aerobic

High intensity 70–85 75–90 70–85 14–16 Aerobic þ lactate

Very high intense exercise >85 >90 >85 17–19 Aerobic þ lactate þ anaerobic

Reproduced with permission from reference.17

HRmax, maximal heart rate; HRR, heart rate reserve; RPE, ratings of perceived exertion; VO2peak, peak oxygen uptake.
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..respectively) of these patients, VT1 cannot be determined and a sub-
stantial inter-observer variability could be present.6 When comparing
the V-slope method and the assessment of the nadir of the VE/VO2

to WR relationship, the latter method shows a slightly lower success
rate of determination, but a higher inter-observer agreement,6,62

making it more suitable for exercise prescription in HF and CAD
patients. The reliability and reproducibility of the assessment of VT2
by the nadir of the VE/VCO2 to WR relationship is not well estab-
lished in CVD patients: this method provides lower values than the
second lactate turning point, but with acceptable limits of agreement
and a success rate of determination of 94%.63,64 This suggests that
this method is suitable for the follow-up of individual patients in
everyday clinical practice. Although critical power tests could be
more valid and reproducible to detect the respiratory compensation
point or VT2,65 the need for repeated exercise testing severely limits
its applicability in patients with CVD.

A potential problem with using the VT for exercise training pre-
scription is that it cannot be translated to constant-load exercise
training directly. In fact, due to an initial VO2 on-response delay (lag-
time), VO2 values during CPET correspond to a greater WR than
during constant-load exercise. This delay, that can be quantified as
the time interval between the onset of the ramp and the onset of the
linear increase in VO2, is even longer in HF patients,66 and varies sub-
stantially between subjects.67 Since the determination of this delay is
difficult and has not been validated in CVD patients, Mezzani et al.7

proposed, as a rule of thumb, that constant-load exercise prescrip-
tions should be 10 W lower than assessed by a 10 W/min incremental
protocol in CVD patients, at least at the start of CR.

On the other hand, exercise intensity prescription, based on VT1
and VT2, could be more effective to improve VO2peak, as opposed to
applying exercise intensities based on %VO2peak or %HRpeak. In
healthy individuals, it was observed that by exercising according to a
specific HRR for 12 weeks, 5 out of 12 individuals (42% of total group)
experienced a favourable change in relative VO2peak (>_5.9%), while
when individuals exercised according to the VT1–VT2 training zone,
relative VO2peak improved in all (12/12) subjects (P < 0.05 for

interaction effects).68 This finding has been reproduced in 39 seden-
tary healthy adults in another randomized trial,69 but remains to be
confirmed in CVD patients.

A major limitation, however, is the fact that many CR centres do
not have (access to) ergospirometry and directly assessed VO2 data.
As a result, following the EAPC position statement on quality stand-
ards in CR,70 the minimal requirement would then be to execute a
cycle ergometry test, with determination of the exercise intensity
based on %Wpeak or HRpeak (though with known limitations), while
the ultimate requirement would be to execute a CPET with exercise
intensity determination based on VT.

Anaerobic threshold

To determine the onset of anaerobic metabolism during exercise,
blood lactate concentrations may also be assessed.52 The first lactate
threshold (LT1, also known as aerobic threshold) represents the first
rise in blood lactate above baseline (often noticed around 1.5–
2 mmol/L). The second lactate threshold (LT2, also known as anaer-
obic threshold) represents a sudden greater increase in blood lactate
(often noticed around 3–5 mmol/l).52 Although this method may
seem attractive in determining the exercise intensity in patients with
CVD, some major shortcomings or difficulties prevent the wide-
spread use of this method in many CR centres. For example, there is
no consensus what would be the ideal exercise test protocol to de-
termine LT1 and LT2, and there are more than 30 methods described
on how to determine LT1 and/or LT2, without internationally sup-
ported consensus which method would be most valid.52 In addition,
at least 3-min step protocols should be used to determine LT1 and
LT2 to allow full changes in VO2 and blood lactate concentrations,
while in CVD patients ramp protocols or 1-min protocols are pre-
ferred as they are more sensitive to detect changes in VO2peak in
CVD patients.71 As a result, in CVD patients the determination of
LT1 and LT2 does not seem to offer crucial or even valid information.

Figure 2 Representative 9-panel Wasserman plot for the determination of VT1 and VT2 in a 46-year old male with obesity. The bold arrows depict
the first and secondary ventilatory threshold in this patient case. The dotted lines show where the thresholds (at the cross-points) can be found.
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..Myocardial ischaemia threshold

It is generally conceived that patients with residual myocardial ischae-
mia should confine to exercise training at an HR or WR which is
below the myocardial ischaemic threshold (MIT).7 The most com-
mon definition of the MIT used in clinical studies is the HR or WR at
which a 1 mm horizontal or down-sloping ST segment depression
starts to appear during incremental exercise testing.72 However, in
some individuals the electrocardiography (ECG) is not sensitive
enough to detect myocardial ischaemia, but rather a decline in the O2

pulse trajectory is noticed. Studies show that repeated myocardial is-
chaemic training sessions (up to 60 min with tolerable ischaemia
symptoms) do not induce myocardial injury, significant arrhythmias,
or left ventricular dysfunction,73 and may even be more beneficial in a
controlled setting for improving the myocardial blood flow.74 To fur-
ther explore the safety and effectiveness of exercise training above
the MIT, standardization of its assessment is needed. When using the
MIT for exercise training prescription, it is higher during cycling com-
pared to walking/running, while the exercise protocol (ramp or
Bruce protocol) does not influence these results.75

To conclude, this updated position paper suggests to determine
the exercise intensity by assessing VT1 and VT2 during CPET, prefer-
ably by the nadir of the VE/VO2 and VE/VCO2 to WR relationships,
and to allow a training range between these thresholds. If VT cannot
be determined due to logistic limitations, clinicians could determine
the exercise intensity based on %Wpeak or %HRpeak.

Yet, despite the availability of objective methods to determine the
exercise intensity in CR, a need for subjective methods will always re-
main because clinicians could be in need of simpler tools for patient
supervision during exercise sessions.

Subjective methods
When it is impossible to determine a patient’s exercise intensity
based on a standard exercise test or CPET, the exercise prescription
can be guided by using Borg scales and/or subjective tools, such as the
‘talk test’.7 Whereas individualized exercise prescriptions are typically
based on frequency, intensity, time, and type, a subjective exercise in-
tensity determination is an important principle for aerobic exercise
prescription because it is a main part of medical safety and training ef-
fectiveness. In fact, all possible cardiac-related symptoms indicating
exercise-induced serious arrhythmias and myocardial ischaemia or in-
jury, which are usually determined by using New York Heart
Association (NYHA) and Canadian Cardiovascular Society (CCS)
classifications, have to be taken into account during aerobic training.

The most commonly used subjective methods for the determin-
ation of aerobic exercise intensity in CVD patients are the Borg rat-
ings of perceived exertion (RPE, see Table 3) and the talk test.77

Several studies showed that the objective measures of effort, such as
HR and VO2, should preferably be used in conjunction with RPE
scores in CR settings in clinical practice76, 78–80 and in patients receiv-
ing b-blocker therapy,81 to improve the medical safety of exercising
and also to achieve significant clinical benefits.

Ratings of perceived exertion

The most widely used instrument to measure perceived exertion or
exercise intensity is the Borg’s RPE scale. The RPE scale is a subjective
means to gauge an individual’s aerobic training intensity on the basis
of the physical sensations a person experiences during physical

activity including HR, respiratory rate, sweating, and fatigue. It is pro-
posed to supplement a standard CPET with subjective determination
of exercise intensity levels, such as RPE.82,83 The RPE can be eval-
uated by the patient at each stage of the CPET on a linear scale with
15 points (6–20). A 0–10 scale for rating exercise intensity may be
more intuitive for comprehension by the patient than the 6–20 scale.
In both subjective scales, exercise intensity is simply obtained by ask-
ing the patient, in his/her perception, the RPE score that best reflects
its current aerobic exercise intensity.

Although it is assumed that RPE scores correlate relatively well
with both physiological measures of stress and arousal (e.g. HR, VT,
and blood lactate) as well as psychological measures of exhaustion,82

studies in CVD patients reveal inconsistencies about the strength of
the relationship between RPE and various physiological criterion
measures, such as HR, blood lactate concentration, (%) VO2peak, VE,
and respiratory rate.6 The highest correlations between RPE and the
physiological criterion measures have been found among male partici-
pants (whose VO2 or VE was measured), and during high-intense ex-
ercise.77 These findings suggest that RPE is less valid at low-intense
exercises.77 RPE reported by a patient can be affected by factors
other than the physical effort of the exercise, including psychological
factors and environmental conditions. In addition, unfamiliarity with
exercise training (modes/equipment), low education level, and the
use of beta-blockers may cause further difficulties in the interpret-
ation of RPE.7,83 As a result, although Borg’s RPE scale has been
shown to be a valid measure of exercise intensity, its validity may not
be as high as previously thought, except under specific conditions.77

A more recent systematic review concluded that despite its variabil-
ity, the RPE Borg scale can be a valid surrogate when peak exercise
data are lacking or when HR is not available or usable (e.g. atrial fibril-
lation, pacemaker, chronotropic incompetence).84

Talk test

The talk test has gained popularity as a simple subjective tool for ex-
ercise prescription, particularly in home-based CR.85 From a

.................................................................................................

Table 3 20-point Borg ratings of perceived exertion
scale76

Score Level of exertion

6 No exertion at all

7

8

9 Very light

10

11 Light

12

13 Somewhat hard

14

15 Hard (heavy)

16

17 Very hard

18

19 Extremely hard

20 Maximal exertion
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.
physiological point of view, the talk test is based on the swift increase
in breathing rate above VT2 that causes difficulty in talking during ex-
ercise. For exercise training, patients are instructed to maintain a cer-
tain level of exercise while still being able to talk comfortably in full
sentences. The self-regulatory nature of the talk test can empower
patients for self-management. An important advantage of the talk test
is that it does not require any expense and expertise, which further
enhances its utility in home-based CR. It could be a relatively simple
and safe way of aerobic exercise intensity prescription among CR
patients.85,86

The test is suitable in patients with CAD and shows quite good
intra-class correlation coefficient values of 0.80, when comparing self-
ratings with external observations.85,87 However, when comparing
with VT1 and/or VT2, the level of agreement demonstrates wide
ranges, suggesting poor individual correspondence.85,87 Like Borg
RPE, the talk test thus can be used as an adjunct practical way to guide
exercise intensity in daily activities of CVD patients,88 but it cannot
replace objective methods to determine the exercise intensity.
Another potential limitation is that the talk test is not a practical tool
for customizing high-intensity exercise during HIIT and it should
therefore be reserved for predominantly moderate intensity exer-
cises. Because the Talk test is based on the swift increase in breathing
rate around VT2, it can also not assess VT1 and thus be used for
determining a low exercise intensity.

How to determine the exercise
intensity during progressive CR
(including phase III)?

Continuing the CR programme (into phase III) is important: it results
in an increased/maintained functional capacity, quality of life, and
physical activity levels, when compared with CVD patients who stop
CR after phase II.89 This also explains why mortality and/or hospital-
ization rates are significantly lower in HF and CAD patients following
phase III CR programmes, when compared with patients completing
phase II CR only.90,91

To achieve the weekly energy expenditure needed to elicit cardio-
vascular benefits, a steady progression in exercise dose is usually ne-
cessary.92 It is agreed that patients should progress from moderate-
to vigorous-intensity aerobic exercise over the course of a CR pro-
gramme.5,92 As a result, it is proposed to start at VT1 (lower limit of
exercise intensity) and progress towards VT2. This approach likely in-
crementally improves the total increase in exercise capacity obtained
by the training programme. The value of an adjustment of exercise
dose throughout the training programme has not yet been formally
evaluated in clinical trials. Retrospective studies demonstrate that
progression of exercise dose during a CR programme is associated
with changes in functional capacity.93,94 Also for HIIT, a gradual in-
crease in intensity has been described in trials, by starting to exercise
at the lower end of the prescribed intensities and gradually increasing
to the higher end of the prescribed intensities.95 Specifically for the
high-intense bouts in HIIT, it can then be decided to go above VT2.

Exercise dose should be increased gradually and frequently, rather
than abruptly and sporadically. However, the progression of exercise
dose should not be too restricted either, to ensure that CVD patients

meet the final exercise prescription goal.5,92 Thus, the exercise pro-

gression needs to be individualized for each patient. Factors influenc-

ing such exercise progression include patient-related factors (e.g.

subjective exertion, physical fitness, comorbidities, age, frailty, CV

risk, patient preference), CR team-related factors (e.g. experience,

programme policy), and equipment-related factors (e.g. availability of

CPET, exercise equipment with automated intensity adjustment

based on HR), among others.92 Ultimately, shared-decision making

should be applied in this process.
All FITT components should be included when prescribing exer-

cise progression, but only one component should be increased at a

time for aerobic exercise training.92 Increases in intensity and dur-

ation of 5–10% per week are generally well tolerated.92 As a result,

this increase in exercise intensity is very often foreseen between VT1

and VT2, based on objective indicators and also on the patient’s will-

ingness and capacity. The exercise duration should first be increased,

until the desired session length is attained, before increasing the exer-

cise intensity.92 Although this is general advice, it remains however to

be validated whether such approach is feasible in very weak or decon-

ditioned patients as well.
Some CR centres habitually include a repeat CPET after several

weeks of training to guide the intensity progression. This approach

takes into account that changes in aerobic capacity can already occur

very early in the programme, with studies showing improvements in

VO2peak after only 2–4 weeks of exercise training.36,37 Of note, the

test–retest reproducibility of a repeat exercise test is estimated to be

5–7%.96 Thus, changes in exercise capacity below these values should

not trigger adaptations in exercise prescription.
It is well established that CR leads to improvements in VO2peak and

also to increments in VT1 and VT2. Moreover, it has been observed

that also HRpeak can increase and resting HR can decrease, both in

CAD as well as HF patients,28 and that the HR curve during exercise

(testing) changes as well.97 These data thus indicate that when the

physical fitness of the patient changes during CR, the exercise training

intensity should be carefully re-assessed. Even more importantly, the

training status significantly affects the relation between VT1 or VT2

and the corresponding exercise intensity domains. For example,

when comparing physically unfit CVD patients (VO2peak <15 mL/min/

kg) vs. physically fit CVD patients (VO2peak >_25 mL/min/kg), VT1 and

VT2 fall in significantly different exercise intensity domains.8 As a re-

sult, clinicians should be careful to use the exercise intensity domains

(relying on %VO2peak, %HRpeak, HRR, or %Wpeak) when changes in

exercise capacity are elicited as a result of CR.
During prolonged CR (including phase III), it remains important to

re-assess VT1 and VT2 to properly determine the exercise intensity,

although with a lower frequency (e.g. once a year). The talk test or

RPE Borg scale can also be used to direct progression of exercise in-

tensity in MICT programmes, especially in home-based settings. It

should however be examined further whether imposed or self-

selected exercise intensities would affect the clinical effects of phase

III and IV CR.10,11,98,99
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Exercise intensity in resistance
training: does it matter?

Impact on health outcomes
In contrast to aerobic exercise training, the medical community has
long been more hesitant to endorse resistance training for patients
with CVD. This hesitation was mainly based on the opinion that BP
elevations during resistance training could increase the risk of CV
complications, especially in elderly patients. Yet, during the last dec-
ade, evidence has been accumulating about the added benefits of re-
sistance training as part of CR. Given that muscle weakness is a strong
predictor of premature death in CVD patients,100 it is obvious that
maximizing muscle strength is of paramount importance. Moreover,
following cardiac surgery, significant muscle wasting is observed, war-
ranting interventions to regain muscle mass and strength.101,102

Moreover, also HF patients experience weakened peripheral
muscles.103 According to meta-analysis, the addition of resistance
training on top of aerobic training leads to greater increments in phys-
ical fitness and muscle strength in CVD patients.104 In addition, resist-
ance training favourably affects bone health,105 glycaemic control,
blood pressure, and lipid profile, at least in the elderly and patients
with elevated CVD risk.40

In the prescription of resistance training, specific parameters have
to be defined. The volume of resistance training is determined by the
number of sets, multiplied by the number of repetitions in these sets,
and the weight lifted during the muscle contraction. The intensity of a
muscle contraction is typically expressed as a percentage of one
repetition maximum (%1RM), in which <50% of 1RM is considered as
low-intense and >70% of 1RM as high-intense.5 Between a set, it is
important to allow a sufficient rest interval (usually 1–2 min). In CR,
typically dynamic concentric resistance training is applied, while ec-
centric, isometric, and isokinetic resistance training are less frequently
applied.5 During concentric resistance training, a contraction and re-
laxation (going back to start position to initiate a new contraction)
duration of 2–4 s is usually proposed, and the number of repetitions
per set can vary from 6 up to 25.5 In general, in CR it is advised to
apply resistance training at an intensity of 30–70% of 1RM for the
upper body, and 40–80% of 1RM for the lower body, with 12–15 rep-
etitions per set, multiplied by 2–3 sets per muscle group.5 In particular
large muscle groups, and muscle groups relevant to activities of daily
life, should herein be targeted.

To maximize muscle mass and strength gains, evidence is emerging
that dynamic high-intense resistance training (D-HIST) should be pre-
ferred above dynamic low-intense resistance training (D-LIST). In sev-
eral meta-analyses,106–108 D-HIST led to significantly greater
improvements in muscle strength, as opposed to D-LIST. In healthy
older adults, the variables ‘training period’ (P = 0.04) and ‘intensity’
(P < 0.01) as well as ‘total time under tension’ (P < 0.01) had significant
effects on muscle strength, with the largest effect sizes for the longest
training periods (>50 weeks), intensities of 70–79% of 1RM, and total
time under tension of 6.0 s.

These findings are in line with known acute physiological adapta-
tions to resistance exercise stimuli. Changes in the myofibrillar pro-
tein synthesis rate are dependent on the contractile intensity of the
muscular exercises, revealing only an improvement following a single
bout of D-HIST.109 When D-HIST contractions are executed, the

mitogen-activated protein kinase and mammalian target of rapamycin
complex 1-dependent pathways are activated to a significantly greater
amount, compared to D-LIST.109 Such enhanced myofibrillar protein
synthesis may lead to greater muscle mass gains, explaining why
greater increments in muscle mass are sometimes noted after D-
HIST vs. D-LIST.106–108 Even if muscle mass gains are comparable
after a D-LIST vs. D-HIST, the neurological adaptations are distinct.
When comparing a long-term D-HIST intervention (at 80% of 1RM)
against a long-term D-LIST intervention (at 30% of 1RM), greater
neural adaptations occur after D-HIST (as evidenced by greater
increases in percentage voluntary activation and electromyographic
amplitude during maximal force production), which may explain the
disparate increases in muscle strength, despite similar muscle hyper-
trophy, following D-HIST vs. D-LIST.110

However, in CVD patients it remains to be established what would
be the effects of D-HIST vs. D-LIST (in combination with aerobic
training) on changes in muscle mass and strength. As a result, which
exercise intensity to select during dynamic resistance training in CR
remains a topic of debate.12

Impact on medical safety
When CVD patients are exposed to D-HIST, there is a common be-
lief that they may be at an increased risk of acute adverse cardiovascu-
lar events. However, during the first phases of CR (phase I and II),
patients with CVD are directly guided/supervised by trained clini-
cians/therapists, well aware of formal contraindications to dynamic
resistance training and are able to determine the patient’s risk pro-
file.1,2 Moreover, rehabilitation or exercise training facilities are spe-
cifically designed and equipped to anticipate adverse events during
exercise.111 This explains, at least partly, why the rates of adverse car-
diovascular events during dynamic resistance training are actually
very low in CR, or at least not greater as opposed to aerobic train-
ing.104,112,113 In addition, there is no established relation between the
applied dynamic resistance training intensity and the incidence of ad-
verse cardiovascular events during CR in stable and well-screened
patients.114

On the other hand, intensive heavy weightlifting, especially when
this includes substantial isometric (static) muscle work, can induce
the Valsalva manoeuvre. This thus occurs when holding the breath
during muscular contraction.115 After the termination of this com-
pressed breathing, a large increase in venous return may be provoked
and thus an increase in cardiac output (through a constricted arterial
vascular system). This may lead to sharp increments in BP and myo-
cardial oxygen demand. The Valsalva manoeuvre can thus be avoided
by teaching patients a proper breathing technique, which includes
exhaling during muscular contraction and inhaling when returning to
the starting position. Moreover, also the volume of resistance training
relates to changes in BP. In older adults, a greater acute response after
high-volume resistance training is present, as opposed to low-volume
resistance training (but at similar intensities), thus reflecting greater
haemodynamic, metabolic and neuromuscular stress, than low-vol-
ume resistance training.116
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Exercise intensity determination
in resistance training:
methodology

Objective methods
A distinction should be made between the assessment of muscle
strength as a tool to detect and quantify muscle weakness or to evalu-
ate functional status vs. the quantification of muscle strength as the
basis of resistance training prescription. This part focusses on ways of
assessing muscle strength for exercise prescription in patients with
CVD. In the rehabilitation setting, dynamometry could be proposed
to set the training load during resistance training. However, this meth-
odology is less attractive because of the high cost of a dynamometer,
the technical complexity of executing a strength test, and the difficulty
of translating the outcome of dynamometry (expressed as Nm) to-
wards a load during resistance training (kg). Alternatively, a % of 1RM
or RM can be used to objectively prescribe the intensity for dynamic
resistance training.12 1RM is a measure of the maximum weight a pa-
tient can lift in one complete repetition for a given exercise in a con-
trolled way through a full range of motion with good posture,
whereas RM is the maximum weight that the person can lift for a
given number of repetitions of an exercise (e.g. 8RM is the maximum
weight that the person can lift eight times). The 1RM is obtained
through trial and error by means of free weights or machines, and
should ideally be performed for each targeted muscle group.117

As many patients do not have any previous experience with dy-
namic resistance training before enrolling in CR, patients should first
engage in at least one, but preferably more, practice sessions in which
they are acquainted with the test equipment and familiarized with a
proper and safe execution of the exercise, in order to obtain a reli-
able score that can be used to prescribe the dynamic resistance exer-
cise, and to track progress over time.118 In this regard, also here it is
important to decide together with the patient, in a shared-decision
making process, which resistance exercise intensities will be applied
to maximize adherence to these prescriptions.

Though studies demonstrate the safety of 1RM testing in patients
with mild-to-moderate left ventricular dysfunction and patients
enrolled in CR, supporting evidence remains scant. Therefore, a
more conservative approach might be followed, especially in the
higher-risk patient.119,120 So, in patients in which a 1RM test is not
suitable, the load-repetition relationship for resistance training, such
as a 10RM, may be more appropriate to assess muscular strength.121

Subsequently, prediction equations are available to estimate the 1RM
from these multiple RM tests122:

1RM = applied weight/(1.0278 - 0.0278 * repetitions)123

or
1RM = (1þ 0.0333 * repetitions) * applied weight.124

However, to obtain a good estimation of 1RM, no more than 10
repetitions are allowed during the strength testing (thus leading to a
<10RM test).122 As these predicted 1RM values are consistently less
than the actual 1RM value, the resistance training intensity is not
expected to exceed the prescribed load.123

Subjective methods
In the context of dynamic resistance training, it is important to be
aware that the same resistance exercise prescribed at a specific % of

1RM may lead to different perceptions of exercise in different
patients. Factors such as body weight, coordination, intention, and
previous experience with resistance training play a role. The correct
dosage therefore also depends largely upon the patient’s subjective
perception of the exercises. Ratings of perceived exertion are there-
fore being used to monitor the intensity in a variety of exercise
modalities, including dynamic resistance exercise. The RPE can be
used effectively to gauge resistance exercise intensity in older adults
by the adult Omnibus Resistance Exercise Scale (OMNI-RES, see
Graphical Abstract).125,126

How to determine the exercise
intensity during progressive CR
(including phase III)?

Consistent improvements in muscular strength have been reported
with resistance training interventions, as part of CR, in HF and CAD
patients.104,127 However, between studies and within the included
studies, the magnitude of change in muscle strength varies significant-
ly.104,127 As a result, clinicians should thus take into account a signifi-
cant inter-subject difference in change in muscle strength when
determining the exercise intensity when CR progresses. Moreover,
most often concentric resistance training has been applied, while the
effects of eccentric or isometric resistance training are less well
studied.

As explained above, generally initial loads should be light at initi-
ation of CR, with patients completing 12–15 repetitions at 30% of
1RM and 40% of 1RM for the upper and lower body, respectively.5

Exercise pace should be slow, allowing at least twice the time for
rest/recovery phases as compared to work/contraction phases.
Beginning with unilateral exercises can increase strength exercise tol-
erance. The intensity of the resistance exercises should then be
increased up to 70% of 1RM and 80% of 1RM for the upper and lower
body, respectively.5 Consequently, for optimal training prescription
of the muscle groups involved, a periodic evaluation, to accurately ad-
just the programme, is mandatory. In this respect, the <10RM test
can be used once every few weeks.

However, how progression should be made in the build-up of the
intensity of resistance training in CR, remains unclear.92

Nevertheless, there seems to be consensus that such build-up can
only be allowed when it is medically safe (no orthopaedic symptoms,
cardiac arrhythmias, or episodes of syncope or dizziness) and patients
are able to execute the exercises with proper technique.92

Respecting the biological principles of exercise training and consider-
ing the need to apply progressive overload so that training adapta-
tions are constantly stimulated, a well-supported approach in the
scientific literature is the progression of loads.128 This progression
involves the increase or variation of the external loads, thus generat-
ing larger internal loads (muscle forces or torques) and increasing
adaptations over time.128 In this regard, three strategies are often
used to increase the external load: (i) volume (i.e. number of sets or
repetitions), (ii) intensity (amount of resistive load lifted), and (iii)
density (i.e. alter rest periods, keeping volume and intensity
unchanged).128
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How to progress in resistance training, depends on the ultimate
goal of the intervention (e.g. increase muscle strength), as well as the
acceptance and feasibility (as assessed by the OMNI-RES). In CR, it is
believed that, first the desired number of resistance training sets
should be achieved, after which the intensity can then be gradually
increased, finally followed by adaptations in rest periods.

During prolonged CR (phase III), however, resistance training
should be implemented with more focus on functional resistance
training targeting those muscle groups needed for facilitating daily life
activities. A large body of evidence, at least from healthy (older) indi-
viduals, is in support of this concept.129 For this purpose, the load
progression in resistance training can be achieved by (a combination
of) specific adjustments (see Table 4).128

This approach remains however to be applied in (prolonged) CR
programmes to verify the clinical effectiveness and feasibility.
Moreover, it should be examined further whether imposed or self-
selected exercise intensities would affect the clinical effects of phase
III CR.130

Conclusion

From this position statement, it is concluded that:

• the assessment of VT1 and VT2 during CPET, preferably by the
nadir of the VE/VO2 and VE/VCO2 to WR relationships, should
be used for the determination of the aerobic exercise intensity in
the majority of CVD patients.

• The talk test and Borg RPE scale should only be considered as an
adjunct to an objective aerobic exercise intensity determination
method in CVD patients.

• To properly determine the exercise intensity during resistance
training, a <_10RM test can be used to set the initial weight, while
the OMNI-RES can be used to track the perceived intensity during
the exercise sessions.

Conflict of interest: none declared.
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Völler H, Schmid J-P, Davos CH. Effectiveness of comprehensive cardiac re-
habilitation in coronary artery disease patients treated according to contem-
porary evidence based medicine: update of the Cardiac Rehabilitation
Outcome Study (CROS-II). Eur J Prev Cardiol 2020;27:1756–1774.
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Table 4 Moving from basic to progressive (functional)
resistance training128

Basic resistance training Progressive resistance training

Generic Specific

Lying/sitting Standing

Single joint Multiple joints

Uni-planar or one-dimensional Multi-planar of three-dimensional

Slow movement Fast movement

Stable underground Unstable underground

Without visual deprivation With visual deprivation

Cyclic Acyclic

Unilateral Bilateral

Simultaneous Alternating

Single task Double task
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