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ABSTRACT
Exercise-based cardiac rehabilitation is considered as a cornerstone of non-pharmacological
treatments in cardiac patients and several previous studies have been performed with this
population to know the effects of this treatment. The main goal of these researches has been to
analyse the influence of different training modalities, such as endurance training, resistance
training or combined endurance and resistance training. Within endurance training, the principal
topic is the efficacy of moderate continuous training and high-intensity interval training. However,
the findings of these previous studies are controversial and a very high heterogeneity has been
reported in previous meta-analyses. Despite the fact that the influence of the training variables,
such as frequency, intensity, time and type (FITT variables) has been widely reported, none of the
previous studies have considered these variables globally in order to explain the controversial
results. Therefore, the aim of this review was to interpret previous studies to explain this
heterogeneity and set out proposals to manage exercise-based cardiac rehabilitation properly. The
review helped to show the lack of control of FITT variables and their influence in the effect of
exercise-based cardiac rehabilitation, highlighting the need to control these variables properly to
reach higher adaptations in cardiac rehabilitation.
Keywords: coronary heart disease, chronic heart failure, resistance training, high-intensity interval
training, combined training

INFLUENCIA DE LA FRECUENCIA, INTENSIDAD,
TIEMPO Y TIPO DE EJERCICIO, EN FUNCIÓN
DE LAS DIFERENTES MODALIDADES
DE ENTRENAMIENTO, EN LOS PROGRAMAS
DE REHABILITACIÓN CARDIACA

RESUMEN
La rehabilitación cardíaca basada en el ejercicio se considera la piedra angular de los tratamientos
no farmacológicos en pacientes cardíacos y, por ello, se han llevado a cabo varios estudios con esta
población, para conocer los efectos de este tratamiento. El objetivo principal de estas
investigaciones ha sido analizar la influencia de diferentes modalidades de entrenamiento, como el
entrenamiento de resistencia, el entrenamiento de fuerza o el entrenamiento combinado de
resistencia y fuerza. Dentro del entrenamiento de resistencia, el tema principal de debate es la
eficacia del entrenamiento continúo moderado y el entrenamiento de intervalos de alta intensidad.
Sin embargo, los resultados de estos estudios son controvertidos y se ha encontrado una
heterogeneidad muy alta en los meta-análisis realizados. A pesar de que la influencia de las
variables de entrenamiento, como la frecuencia, la intensidad, el tiempo y el tipo (variables FITT)
ha sido ampliamente demostrada, ninguno de los estudios anteriores ha considerado estas
variables de forma global para explicar sus resultados. Por lo tanto, el objetivo de esta revisión fue
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interpretar los estudios previos, para explicar esta heterogeneidad y presentar una propuesta para
manejar adecuadamente la rehabilitación cardíaca basada en el ejercicio. La revisión permitió
mostrar la falta de control de las variables FITT y su influencia en el efecto de la rehabilitación
cardíaca, siendo necesario controlar y gestionar adecuadamente estas variables para alcanzar
mayores adaptaciones en estos programas.
Palabras clave: cardiopatía isquémica, insuficiencia cardiaca, entrenamiento de fuerza,
entrenamiento interválico de alta intensidad, entrenamiento combinado
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INTRODUCTION
In the last few years the number of deaths caused by cardiovascular disease
has fallen due to the improvements in the diagnosis and treatment of this
pathology (Nichols, Townsend, Scarborough, & Rayner, 2013). The increase in
the surviving population makes it necessary to develop integral treatments,
with cost-effective improvements in the prognosis and quality of life (QoL) of
these patients. Previous evidence has shown that exercise-based cardiac
rehabilitation (CR) is an effective strategy for the reduction of cardiovascular
mortality and the improvement of the QoL in cardiac patients (Anderson et al.,
2016). CR was also shown to be safe in individuals with either coronary heart
disease (CHD) and/or chronic heart failure (CHF) (Beauchamp et al., 2013;
Hammill, Curtis, Schulman, & Whellan, 2010).
Cardiac patients usually have a reduced capacity to perform exercise,
which seems to be related to central and peripheral limitations, and therefore,
researches have focused their aims on both of these limitations. At the central
level, the global parameter to assess the capacity to perform exercise is
cardiorespiratory fitness (CRF), which is directly measured by oxygen uptake
peak (VO2peak). VO2peak has been deemed as a strong predictor of mortality
in cardiac patients (Kodama et al., 2009). Several previous studies have
reported that CR is suitable to increase VO2peak (Conraads et al., 2015; Santos
et al., 2018) and exercise capacity in cardiac patients (Yamamoto, Hotta, Ota,
Mori, & Matsunaga, 2016). There is ample evidence that shows the importance
of exercise training in cardiac patients, highlighting CR as a cornerstone of nonpharmacological treatments in this population. This is so to such an extent that
most cardiac rehabilitation guidelines recommend timely and early access to
the program. Early mobilization of the patients has shown greater benefits in
different aspects related to the mortality risk as CRF (Valkeinen, Aaltonen, &
Kujala, 2010), distance in 6-minutes walk test or left ventricular remodelling
(Haykowsky, 2011). However, the effects of CR on other aspects related to the
pathology are not so clear, as will be indicated further on.
In response to a variety of forms of myocardial injury and increased wall
stress, cardiac patients could suffer alterations in their ventricular architecture,
with associated increased volume and altered chamber configuration. These
changes in the ventricular architecture frequently produce a reduction in the
cardiac function (Konstam, Kramer, Patel, Maron, & Udelson, 2011), which is
measured by left ventricular ejection fraction (LVEF). Besides, endothelial
dysfunction could be found in cardiac patients due to the activation of the
sympathetic nervous system and the renin-angiotensin system, and also
because of the impairment of the endothelial cells in the release of nitric oxide,
an important physiological vasodilator (Miche et al., 2006). Endothelial
dysfunction brings about the progression of the pathology and it is associated
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with an increased risk of mortality. Flow-mediated dilation and endothelial
progenitor cells are used to evaluate endothelial function (Pearson & Smart,
2017). These patients also suffer chronically elevated levels of inflammatory
markers which could produce structural damages, such as endothelial and left
ventricular dysfunction, cardiac hypertrophy, apoptosis and fibrosis (Shirazi,
Bissett, Romeo, & Mehta, 2017), as well as functional consequences (Briasoulis,
Androulakis, Christophides, & Tousoulis, 2016). Thus, elevated concentrations
of inflammatory markers, such as tumour necrosis factor-alpha (TNF-α),
interleukin 6 (IL-6), C-reactive protein (CRP) and fibrinogen are also associated
with the disease severity and prognosis (Van Linthout & Tschöpe, 2017).
Previous studies have reported contradictory results related to the
effectiveness of CR, showing improvements in cardiac function (Cornelis,
Beckers, Taeymans, Vrints, & Vissers, 2016), endothelial function (Dean,
Libonati, Madonna, Ratcliffe, & Margulies, 2011; Sandri et al., 2016) or serum
levels of inflammatory markers in cardiac patients (Gielen et al., 2003; Pearson,
Mungovan, & Smart, 2018). Nevertheless, there are also opposite results that do
not show improvements in these functions (Munch et al., 2018; Santos et al.,
2018).
At the peripheral level, skeletal muscle atrophy, abnormalities of muscle
blood flow, alterations in skeletal muscle metabolism and biochemical
abnormalities are common in cardiac patients, as well as changes in muscle
fibre types and down-regulation of the skeletal muscle enzyme systems (King,
2001). These changes are related to a drop of strength levels and
cardiovascular impairment (Garber et al., 2011), as well as to a shift to
anaerobic metabolism (Caminiti et al., 2009), which could help to explain the
exercise intolerance found in cardiac patients. CR has also been shown
adequate to improve these changes and increase strength levels (Marzolini, Oh,
& Brooks, 2012; Yamamoto et al., 2016), lipidic profile, blood pressure and
body composition in cardiac patients (Gayda, Ribeiro, Juneau, & Nigam, 2016),
but there are also studies which again show contradictory results (Levinger,
Bronks, Cody, Linton, & Davie, 2005; Salehi, Salehi, Moeini, Kargarfard, &
Sadeghi, 2017).
Previous meta-analyses have reported that CR is proper to improve
endothelial function (Pearson & Smart, 2017) or inflammatory activity
(Swardfager et al., 2012). However, these meta-analyses showed high
heterogeneity in the included studies and they did not consider the training
modality or the training method used to carry out CR. This aspect limits the
scope of their findings and does not help to interpret the heterogeneity of
previous empirical studies. Another aspect that could explain this
heterogeneity is the effect of modifying the components of exercise
prescription like frequency, intensity, time (duration) and type (modality)
European Journal of Human Movement, 2018: 41, 49-72
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(Vanhees et al., 2012) that is, the FITT variables. Besides the controversial
findings of the previous studies, another aspect that shows the importance to
manage FITT variables properly is the variability in the response of the patients
to the same treatment and the effect dose-dependent of the exercise. A study by
de Schutter et al. (2018), which performed 36 sessions of CR with 1,171
patients, found that 23% of the patients did not improve or decrease their
VO2peak, while 39% and 38% of patients improved less or more than 2.5
ml·kg-1·min-1, respectively. On the other hand, the exercise has a dosedependent relationship with a reduction in cardiovascular disease risk (Mora,
Cook, Buring, Ridker, & Lee, 2007). However, this relationship is not lineal but a
U-shaped association (Leggio et al., 2018; Schnohr, Marott, & O’Keefe, 2015),
which makes the correct control of the response of the patients and the
management of the training load to prevent maladaptation necessary (Leggio et
al., 2018).
All the above-mentioned evidence shows the importance of improving the
exercise prescription in CR to maximize the effects of exercise training in each
patient. Most of the previous reviews and meta-analyses performed have
focused their aim in comparing the effect of endurance training (ET), resistance
training (RT) or combined resistance and endurance training (CT) without
taking into account FITT variables to analyse their results. Therefore, the
purposes of this paper are: a) to review the effect of different programs of CR
(ET, RT or CT); b) to find differences between the studies regarding the
prescription of FITT variables to explain their controversial results and to try to
optimise the prescription methods in CR.
ENDURANCE TRAINING
According to the Churchill Livingstone's Dictionary of Sport and Exercise
Science and Medicine (2008), “endurance” is the ability to perform physical
work for a long time; quantitatively, the maximum duration for which an
individual can sustain a specific activity, preferably also at a specific intensity.
Used in isolation, the word usually implies whole-body endurance
consideration in terms of minutes or hours which is principally limited by
cardiovascular fitness and muscle glycogen storage.

Intensity
To refer to the intensity of exercise, it can be found in absolute values,
indicating a rate of energy expenditure usually expressed in metabolic
equivalents (METs), or in kcal/min. However, in CR programs, the intensity
usually is individualized to each patient and it is expressed as a percentage of
maximal oxygen uptake (VO2max), maximal heart rate, heart rate reserve or
maximal aerobic power output, all of them calculated through a gradual
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exercise test. However, with these methods of individualization, the metabolic
response of each patient can be different, showing different lactate
concentrations and time duration at the same percentage of maximum intensity
(Scharhag-Rosenberger, Meyer, Gäßler, Faude, & Kindermann, 2010). For this
reason, the best option to individualize the intensity in this heterogeneous
population could be to use ventilatory thresholds, making sure that the
requirements of training are similar for each patient (Mann, Beedie, & Jimenez,
2014; Wolpern, Burgos, Janot, & Dalleck, 2015). In this case the exercise
intensity below the first threshold is defined as a low intensity, the exercise
between the first and second threshold is defined as a moderate intensity, and
intensity above the second threshold to VO2max is defined as a high intensity
(Wolpern et al., 2015).
One of the most significant current discussions in CR focuses on the
different changes reached through moderate continuous training (MCT) or
high-intensity interval training (HIIT). MCT is characterized by long-term
training periods (for 30 – 60 min) at 60 – 85% VO2peak (Fletcher et al., 2001).
On the other hand, the main principle of HIIT is to perform brief periods of
high-intensity exercise (> 85% VO2peak) interspersed by periods of lowintensity exercise (typically, below aerobic threshold) or rest (Gayda et al.,
2016). Original studies and meta-analyses reported similar effects, which
improve some risk factors (like circulating cholesterol and triglycerides)
(Pattyn, Beulque, & Cornelissen, 2018) independent of the cardiovascular
disease (coronary or heart failure with or without preserved ejection fraction),
with similar reductions in resting blood pressure (Cornelissen, Verheyden,
Aubert, & Fagard, 2010) and both were well tolerated and safe for patients with
CHF (Nilsson, Westheim, & Risberg, 2008). However, the improvement of CRF
is a controversial issue in the literature, as while studies and meta-analyses
found better improvements for HIIT (Elliott, Rajopadhyaya, Bentley, Beltrame,
& Aromataris, 2015; Ismail, McFarlane, Nojoumian, Dieberg, & Smart, 2013;
Liou, Ho, Fildes, & Ooi, 2016), some randomized control trials did not show
superiority for any intensity (Conraads et al., 2015; Ellingsen et al., 2017).
Besides, empirical studies always report the prescribed exercise program.
However, the performed exercise program during CR often diverts from the
prescribed exercise program (Kraal, Vromen, Spee, Kemps, & Peek, 2017).
Conraads et al. (2015), in a multicentre study, reported that MCT and HIIT
equally improve VO2peak in CHD patients. However, some patients in the HIIT
group did not reach the prescribed intensity during the program and the
continuous moderate training group in some cases trained above target
intensity. The difference between a prescribed and a performed exercise
program could explain this contradictory conclusion regarding other studies
and could show the relevance of intensity training.
European Journal of Human Movement, 2018: 41, 49-72
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This improvement associated to HIIT seems to be related among other
things with the major activation of 5’-AMP-activated protein kinase, p38
mitogen-activated protein kinase (Gibala, Little, Macdonald, & Hawley, 2012)
and the upregulation of vascular endothelial growth factor (Hoier & Hellsten,
2014). Two of these three are implicated in the direct phosphorylation and
activation of PGC-1α and they co-activate transcription factors to increase
mitochondrial gene transcription. These improvements in CRF can be reflected
in a better mechanical efficiency (Villelabeitia-Jaureguizar et al., 2018).
However, to prescribe ET at different intensities was related with greater
reductions in inflammatory markers like high-sensitivity CRP in patients with
CHD (Milani, Lavie, & Mehra, 2004; Munk, Staal, Butt, Isaksen, & Larsen, 2009;
Parrinello et al., 2010; Walther et al., 2008). In addition, reduced circulating
levels of pro-inflammatory cytokines (TNF- α and IL-6), CRP and fibrinogen has
been observed in patients with CHF (Pearson et al., 2018). Different treatment
lengths (from 6 weeks to 24 months) and training methods (continuous
moderate training and HIIT) were used in these studies showing a probable low
effect of these variables as moderator of inflammatory effect, but nevertheless
no previous meta-analysis studied this.

Volume
As previously described, physical exercise regulates biomarkers as IL-1, IL6, CRP and endothelial progenitor cells. Again, as with the intensity, these
inflammatory biomarkers seem to respond to small stimulus like only twoweek interventions, while no changes were described in endothelial progenitor
cells in that short-term period (Cesari et al., 2009). At least an intervention
longer than 8 weeks, is necessary to increase endothelial progenitor cells (Paul
et al., 2007).
The most common way to measure volume is to quantify the time spent in
the exercise. Currently, a widely used parameter to adjust this time is the total
energy expenditure during the training session. Some previous meta-analyses
have analysed if total energy expenditure was a potential moderator of ET
effect, showing a direct relationship between this variable and VO2peak
improvement (Kraal et al., 2017), even diluting differences found between MCT
and HIIT when isocaloric exercise training protocols were pooled to perform
the analyses (Gomes-Neto et al., 2017; Neto et al., 2018). Based on these
findings, Cornelissen, Buys, and Pattyn (2017) reported that “not the intensity
nor the method but the total energy expenditure of the exercise programmes
determines the improvement in exercise capacity after training”. Nevertheless,
only four articles which used isocaloric exercise training protocols were pooled
to perform this analysis.
European Journal of Human Movement, 2018: 41, 49-72
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Regarding treatment length, a recent meta-analysis reported an indirect
relationship between the program duration and the increase of VO2peak when
HIIT is performed (García, Arias, Campo, González-Moro, & Poyatos, 2018).
However, Taylor et al. (2017) indicated in their study that long-term adherence
to supervised exercise (> 36 months) produced a higher reduction of long-term
mortality risk. These results could highlight the importance of supervised
exercise and the necessity of a well-established progression of the training load.

Frequency
Regarding the number of training days per week (d/w), most clinical
guides recommend a frequency of 3 d/w (Piepoli et al., 2010; Steg et al., 2012)
and most of the experimental research used this frequency of training in their
training prescription. However, there is little knowledge (Dressendorfer et al.,
1995) about the comparison among different training frequencies during a
second phase of CR on CHD patients. This study did not show significant
differences between training frequencies of 2 or 3 d/w (patients were divided
in 0, 1, 2 and 3 d/w). The rest of the evidence was through prospective studies
of cohorts highlighting that a frequency of 2 – 4 d/w points to a higher
cardiovascular mortality reduction (Moholdt, Wisløff, Nilsen, & Slørdahl, 2008).

RESISTANCE TRAINING
Although ET is the most used training modality in CR, other training modes
like RT are effective for improving aspects related to the pathology and QoL in
these patients. RT was defined by the American Heart Association as “an
exercise modality in which skeletal muscle groups of upper and/or lower limbs
are trained by the repetitive lifting of weights to increase muscle strength or
endurance”. Maximal muscle strength is the maximum force or tension
generated by a muscle or group of muscles and it is usually measured by the
maximum load that can be lifted in one repetition maximum (1RM) (King,
2001), and muscular endurance is the ability to do work over time (King, 2001)
and it is usually determined by the number of dynamic repetitions that can be
correctly completed using a fixed load (Foldvari et al., 2000).
RT is considered a safe method for cardiac patients (Dean et al., 2011;
Giuliano, Karahalios, Neil, Allen, & Levinger, 2017; McCartney & McKelvie,
1996), and recent evidence has shown that RT produces important adaptations
without worsening cardiac function (Santos et al., 2018). Besides this, RT has
been accepted as the best method for developing or maintaining muscle mass,
strength, power, and endurance (Feiereisen, Delagardelle, Vaillant, Lasar, &
Beissel, 2007). Nevertheless, this training method might elicit other important
adaptations that could improve the prognosis of these patients. There is
evidence that shows that some cardiac patients could have skeletal muscle
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alterations with a lower proportion of slow twitch and a higher proportion of
fast twitch (Schulze, Gielen, Schuler, & Hambrecht, 2002). Besides increases in
muscular strength and endurance, RT seems to favourably alter muscle fibre
type distribution and up-regulate the expression of oxidative enzymes,
increasing the tolerance to exercise in cardiac patients (King, 2001). Previous
studies have also reported that RT is suitable to increase CRF (Giuliano et al.,
2017; Jewiss, Ostman, & Smart, 2016; Santos et al., 2018), LVEF (Bartlo, 2007;
Feiereisen et al., 2007; Palevo, Keteyian, Kang, & Caputo, 2009) or endothelial
function (Maiorana et al., 2011). Despite the relevance of this modality to
improve the QoL and prognosis in cardiac patients, previous studies have not
directly analysed the influence of the FITT variables on the effect of RT.

Intensity
There are different ways to prescribe RT intensity, such as a percentage of
maximal dynamic strength (% of 1RM), a rating of perceived exertion (RPE) or
velocity. The most used method to prescribe RT intensity in CR is as a
percentage of maximal strength. The influence of the intensity on the
adaptations produced by RT has been widely described and a proper
management of this variable should be applied throughout the exercise training.
Previous studies, in which patients trained at intensities greater than 50%
of 1RM, have shown the effectiveness of RT to produce myofibrillar shifts
(Braith et al., 2005), to increase the activity of synthase and the area of fibre
type I (Pu et al., 2001), LVEF (Feiereisen et al., 2007; Palevo et al., 2009) and
endothelial function (Dean et al., 2011) or to reduce serum levels of
inflammatory markers (Feiereisen, Vaillant, Gilson, & Delagardelle, 2013).
Nevertheless, studies in which the intensity was lower did not find that RT was
adequate to improve the prognosis and QoL in cardiac patients. For instance,
patients who took part in the studies by Munch et al. (2018) trained at an
intensity lower than 50% of 1RM and no significant changes were found in
LVEF or inflammatory markers. Despite the fact that other variables could be
related with the above-mentioned adaptations, future studies should analyse
the role of RT intensity in this population, taking into account that a minimum
level of intensity is necessary to reach important adaptations when RT is
carried out in CR.
An RT program should be initiated under the supervision of an exercise
science professional specialist in CR and the intensity should be low for
maximum safety. In this first phase, the aim is to teach patients to perform the
correct movements. Another goal in this phase to control the subjective
perception of intensity along the exercise training should be to teach patients to
use the RPE scale properly. To finish, an increase of intensity will allow to help
to improve the prognosis in cardiac patients.
European Journal of Human Movement, 2018: 41, 49-72
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Volume and frequency
The volume of RT is related to the number of sets and repetitions within
each set. None of previous empirical studies have analysed the influence of
these variables on the effects of RT in cardiac patients. In a recent meta-analysis,
Hollings, Mavros, Freeston, and Fiatarone Singh (2017) showed a direct
association between sets and weekly volume with the improvement in
VO2peak. This study also found that sets were also directly associated with
increased workload.
None of the previous studies have analysed the effect of applying different
frequency training when RT is performed in CR. The majority of these studies
have used 3 sessions per week in their protocols (Jankowska et al., 2008;
Munch et al., 2018; Palevo et al., 2009), complying with the current guidelines.
Future approaches
Previous studies have shown that the improvement of power strength is
important in elderly people since it helps to increase strength and it reduces
the number of falls in this population (Pamukoff et al., 2014; Tschopp,
Sattelmayer, & Hilfiker, 2011). Since most cardiac patients are elderly, we think
that power strength should be carried out in advanced stages of RT. To carry
out power training, patients must perform the concentric phase of the
movement at maximum speed and the eccentric phase at low speed.

COMBINED RESISTANCE AND ENDURANCE TRAINING
Due to the benefit of both RT and ET, most recent guidelines recommend
that RT should be performed in combination with ET (Gayda et al., 2016). In
this case, the interaction effect of FITT variables makes exercise prescription
and the interpretation of results more complicated. However, none of the
previous reviews and meta-analyses have analysed the influence of the
variables that allow to reach conclusive findings and improve the training
prescription methods in CR when CT is performed. Therefore, it is necessary to
know the effect to manage FITT variables to design the exercise program of CR
properly and, in addition, to be able to ensure that CT has greater effects than
ET or RT programs separately.

FITT effects of CT
In recent meta-analyses carried out with CHD (Hollings et al., 2017;
Marzolini et al., 2012; Yang, He, Guo, Wang, & Zhu, 2015) and CHF (Santos et al.,
2018) patients did not show differences between CT and ET when their aim
was to increase VO2peak. The main problem has been to include HIIT and MCT
in the meta-analysis studies as a single training variable without differentiating
European Journal of Human Movement, 2018: 41, 49-72
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them. This fact has favoured that there have not been differences in VO2peak
improvements between ET and CT. But even when the studies have dealt with
HIIT or MCT in ET separately the results are contradictory. Yang et al. (2015)
found that in studies in which a HIIT was applied a tendency in favour ET was
found, while the tendency was favourable to CT when an MCT was performed.
According to these results, the benefits of adding an RT to ET in order to
increase VO2peak arise when an MCT is applied. However, Cornelis et al.
(2016), who performed their meta-analysis considering the training method to
carry out ET, reported that ET alone was more effective than CT to improve
VO2peak, regardless of the training method applied. Likely, as we can see, the
training method may not be the single variable to reach conclusive findings, and
other variables should also be considered when direct comparisons of the
training modalities on CRF are performed.
Regarding body strength levels, Hollings et al. (2017) reported that CT was
more effective than ET to improve lower and upper body strength. However,
the benefits could be dependent of the intensity of RT. Moghadam, Tavakol,
Hadian, Bagheri, and Jalaei (2009) reported that as the intensity of RT increases,
it also boosts the difference of both training modalities on the effects of body
strength levels in favour of CT. In this study, they did not find differences
between CT and ET when the intensity of RT was fixed at 40% of 1RM.
Nevertheless, when the intensity was set at 60% or 80% of 1RM, they reported
that CT is better than ET to improve body strength levels. Thus, a minimum
level of intensity should be used to increase the benefits of adding an RT on
body strength levels when CT is applied.
Findings are also controversial about the effect of CT on left ventricular
remodelling. Previous meta-analyses have reported that CT is not suitable to
improve variables related to cardiac function, such as LVEF, end-diastolic
volume or end-systolic volume (Chen, Li, Zhu, & Cao, 2012; Haykowsky et al.,
2007; Santos et al., 2018). However, the findings of the empirical studies
included are likewise controversial. When the studies take the prescription
exercise variables into account (Delagardelle et al., 2002; Feiereisen et al.,
2007), especially a minimal volume (3 d/w throughout 3 months) and ET (50 –
75% of VO2peak) and RT (60% of 1RM) intensities, the authors found that CT is
proper to increase LVEF and decrease end-diastolic volume and end-systolic
volume. In contrast, even if the CT is longer (> 3 months), minor weekly
training frequencies (< 2 d/w) and RT intensities (40% of 1RM) did not reach a
significant improvement in cardiac function (Jónsdóttir, Andersen, Sigurðsson,
& Sigurðsson, 2006; McKelvie et al., 2002).
In the same line, the anti-inflammatory effect of CT programmes in patients
with CHF depends on a good fit of the exercise variables. When ET and RT
intensities reach the minimal stimulation levels (60 – 75% VO2peak and 60 –
European Journal of Human Movement, 2018: 41, 49-72
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75% of 1RM) and a weekly frequency of 3 d/w, the effects reported were
reductions in serum levels of IL-6 and TNF-α (Feiereisen et al., 2013), TNF-α,
CRP and fibrinogen (de Meirelles et al., 2014); although both studies had a
different duration, 3 and 6 months, respectively. Based on this finding, it seems
that a larger volume is not necessary to reach an anti-inflammatory effect if you
use a minimal intensity on RT and ET. In this line, longer studies (12 months)
did not report a significantly decrease of plasma IL-6 and TNF-α in patients
with CHF (Trippel et al., 2017). Probably, the lower inflammatory biomarker
levels of the patients, and also of the CT duration, could influence these results.

CONCLUSIONS
The individualization of ET intensity in CR programs is an important part to
adjust the training load and a revaluation to recalculate intensity zones is
necessary. Whenever possible, an ergoespirometry should be performed to
establish the ventilatory threshold. Regarding the method used (MCT or HIIT),
both of them are necessary to shape a good progression on training load. In
those cases that are able to tolerate the MCT well, our proposal is to start with
moderate intensity (between thresholds) and progress first increasing
frequency (if it is possible) and then volume. The second step is to change some
session to high aerobic intensity (between the second ventilatory threshold and
VO2peak). In those patients who may not be able to tolerate MCT well, HIIT
performed over the maximal aerobic power at very short intervals (30 – 60 s)
may be an effective strategy (Kondamudi, Haykowsky, Forman, Berry, &
Pandey, 2017). It is important to collect data to know if the patient is tolerating
this training and progression well. Some variables were used to monitoring the
training adaptation. The heart rate variability is one of these emerging
variables, favoured by the technological advance and allowing the control of the
fatigue produced by the exercise in a simple way (Javaloyes, Sarabia, Lamberts,
& Moya-Ramon, 2018).
An RT program should start with a phase of familiarization to teach
patients the movements and manage the RPE scale. During this phase, the
exercise training should be prescribed at low intensity (< 30% of 1RM), paying
special attention to the correct execution of the movement. The exercise should
finish when the patient can no longer to do it correctly. The second phase
should be oriented to the improvement of the endurance and coordination. For
that, the intensity should be fixed at 30 – 50% of 1RM, with a high number of
repetitions (15 – 25 repetitions) and little time to recover (60 – 90 s). The third
phase goal is to improve muscle mass, muscle strength and other variables
related to the prognosis of cardiac patients. For these aims, the intensity should
be higher than 50% of 1RM.
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Throughout the training period, estimations of the maximal dynamic
strength should be regularly carried out to adjust the intensity properly. For
this purpose, indirect methods always should be used with cardiac patients.
RPE values in each exercise could help the supervisor of the session to know
when it could be necessary to re-evaluate maximal dynamic strength or to
increase the intensity in each exercise.
It seems that to include the CT in the CR programs could be effective as
long as we make sure to reach minimal exercise intensities in ET and RT (above
60% VO2peak and 60% of 1RM) as well as a minimum of 3 exercise sessions
per week. This fact, combined with at least 3 months of CT duration, would
produce improvements in the prognosis and QoL in cardiac patients. Besides,
all aspects related to both training modalities (ET and RT) above commented
must be considered to carry out CT in CR.
Another important aspect to design CT sessions is the first training mode
performed in each session or training period. We think that at the beginning of
the session, in order to increase the security of the movements and to avoid the
fatigue effect, RT must be performed first and later ET. However, when a
patient performs each exercise properly, the design of the session should
depend on the period goal.
Despite the close approaches described above, we think that the most
important thing is to find the stimulation threshold in each patient to produce
adaptations and manage the FITT variables properly to produce continuous
improvements with each training modality in cardiac patients. The increase of
the training load must be individualized for each patient and a progression
must be performed when the previous training load is not enough stimulus. As
we have commented at the beginning of this review, there is much
heterogeneity in the findings of the previous studies, which may be due to the
lack of individualization of the training protocols.
Another aspect which should be considered is that CR must be the first
contact with the exercise and that patients should remain physically active
throughout their life. From this point of view, the aim throughout the exercise
training should perform the minimum level of exercise to reach the highest
benefit, thus fulfilling one of the principles of training. This approach will also
allow to manage training load properly in the future.
In order to apply the principles of individualization and progression of the
training load, and supervise the correct execution of strength exercises suitably,
the design of the training protocols in CR and their supervision must be carried
out by personal who have an adequate formation in the correct manage of the
FITT variables and other variables related to the training, like exercise science
professionals or exercise physiologists.
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