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Abstract
Patients with pulmonary hypertension present limited tolerance to exercise and aerobic 
capacity; which is reflected in the reduction in peak oxygen consumption and their 
functional performance. This intolerance to exercise has traditionally been attributed 
to cardiac and respiratory dysfunction. However, as it happens in other chronic 
diseases, lower-limb and respiratory muscle alterations are also involved in patients 
with pulmonary hypertension.

Increasing evidence suggests that physical exercise training is an efficient and safe 
strategy. The recommendation for light and moderate-intensity exercise is made within the 
framework of pulmonary rehabilitation, and its benefits have been previously described.

In diseases such as COPD, lower-limb muscle function, exercise tolerance and quality 
of life improve following exercise training. And just as with COPD, it is necessary to 
promote evidence-based interventions with pulmonary hypertension. This narrative 
review focuses on the evaluation, safety and efficacy of training the respiratory muscles 
and the muscles of upper and lower extremities in patients with pulmonary hypertension.
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Resumen

Los pacientes con hipertensión pulmonar presentan tolerancia limitada al ejercicio y 
disminución de la capacidad aeróbica; lo que se refleja en la reducción del consumo 
pico de oxígeno y su desempeño funcional. Esta intolerancia al ejercicio se ha 
atribuido tradicionalmente a disfunciones cardíacas y respiratorias. Sin embargo, al 
igual que ocurre en otras enfermedades crónicas, las alteraciones de los músculos 
respiratorios y de los miembros inferiores y superiores también están implicadas en 
los pacientes con hipertensión pulmonar.

La creciente evidencia sugiere que el entrenamiento físico es una estrategia eficiente 
y segura. La recomendación de ejercicio de intensidad ligera y moderada se realiza 
en el marco de la rehabilitación pulmonar, y sus beneficios han sido descritos 
previamente.

En enfermedades como la EPOC, la función muscular de las extremidades inferiores, 
la tolerancia al ejercicio y la calidad de vida mejoran después del entrenamiento 
físico. Y al igual que con la EPOC, es necesario promover intervenciones basadas 
en la evidencia con la hipertensión pulmonar. Esta revisión narrativa se centra en la 
evaluación, seguridad y eficacia del entrenamiento de los músculos respiratorios y 
de las extremidades superiores e inferiores en pacientes con hipertensión pulmonar. 

Remark

1) Why was this study conducted?
Pulmonary hypertension is a disease that generates functional limitations from mild to 
severe, these limitations are a consequence not only of cardiovascular-pulmonary but also 
muscular compromise. For this reason, a narrative review was carried out in which it was 
intended to establish the safety, evaluation and training strategies of the respiratory and 
limb muscles according to the existing literature.

2) What were the most relevant results of the study?
According to the literature reviewed, limb and respiratory muscle training is safe and 
offers favorable results in aerobic capacity and health-related quality of life. The procedures 
must be correctly prescribed and it is recommended that they be part of a pulmonary 
rehabilitation program.

3) What do these results contribute?
These results synthesize the evaluation tools and safe training of respiratory muscles and 
upper and lower extremities according to the existing literature. As well as, it promotes the 
referral of patients with pulmonary hypertension to pulmonary rehabilitation programs 
according to the inclusion criteria.
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Introduction

Pulmonary hypertension is defined as an increase in pulmonary artery pressure ≥25 mm Hg at 
rest 1. Pulmonary hypertension is a pathophysiological disorder that involves different clinical 
conditions; it can be a complication of most respiratory and cardiovascular disorders 2.

Patients with pulmonary hypertension present limited tolerance to exercise and aerobic 
capacity 3, which is reflected in the reduction in peak oxygen consumption (VO2peak), as 
well as in their functional performance evaluated with the six-minute walk test (6MWT) 4. 
This intolerance to exercise has traditionally been attributed to cardiac and respiratory 
dysfunction 5. However, as it happens in other chronic diseases 6, lower-limb and respiratory 
muscle alterations are also involved in patients with pulmonary hypertension 5,7,8.

Increasing evidence and recommendations from the American Thoracic Society and the 
European Respiratory Society suggest that physical exercise training is an efficient and safe 
strategy. The recommendation for light and moderate-intensity exercise is made within the 
framework of pulmonary rehabilitation. Its benefits have been previously described 9.

In diseases such as COPD, lower-limb muscle function, exercise tolerance, and quality of life 
improve following exercise training 10,11. Moreover, just as with COPD, pulmonary hypertension,it 
is necessary to promote evidence-based interventions with pulmonary hypertension. This 
narrative review focuses on the safety and efficacy of training the respiratory muscles and the 
muscles of the upper and lower extremities in patients with pulmonary hypertension.

Lower-limb muscle dysfunction

Lower-limb muscle weakness occurs in patients with pulmonary hypertension 5. This weakness is 
associated with dyspnea, angina, and syncope, inducing physical activity restriction. Furthermore, 
as the disease progresses, Health-related quality of life decreases, and functional limitations 
increase, causing alterations in physical health that restrict the social function of patients 12,13.

In COPD 14, there is a shift from type I fibers, which have a high mitochondrial intensity and 
oxidative capacity, to type II fibers, which are faster fibers with less resistance to fatigue and 
completely depend on anaerobic metabolism 15. It has been suggested that these changes also 
occur in pulmonary hypertension due to the finding that type IIx fibers displace type I fibers, 
which have an inverse correlation with the duration of the disease 16. Also, in pulmonary 
hypertension, the decrease in AKT and p70S6 with an increase in atrogin-1 has been 
identified as a relevant factor in muscle proteolysis with depression of networks that mediate 
hypertrophy. In addition to the phosphorylation of the ryanodine 1 receptor, which suggests 
the alteration of the sarcoplasmic reticulum directly involved in the production of Ca ++ 16. 
At a molecular level, there have also been identified a decrease in the extracellular signal-
regulated kinase ERK, microRNA 126, and an increase in sprout-related EVH1 17.

The changes produced in the muscle may affect tropism, contractility, capillarity, and oxidative 
capacity. However, these alterations are not yet evident and defined 18. An increase in the 
expression of E3 ligases MAFbx/atrogin-1 and MURF-1 has been found, which are considered 
markers of activating the ubiquitin-proteasome pathway in muscles; causing reduction of 
transverse fibers and degradation of myofibrillar proteins 19.

Contractility is possibly altered by an increase in ryanodine receptor one phosphorylation, 
which alters the integration of muscle excitation-contraction 16. Likewise, mitochondrial 
density and its oxidative capacity 18 and reduced capillarity secondary to endothelial 
dysfunction are critical in the reduction in muscle performance present in patients with 
pulmonary hypertension, a situation that widely compromises their functionality and, 
therefore, their health-related quality of life.
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Patients with pulmonary hypertension demonstrated a decreased type I/type II muscle fiber 
ratio and a smaller cross-sectional area of   myofibres type I compared to healthy subjects 16. As 
well as an increase in RyR1 phosphorylation, which functions as a channel in which calcium 
is released from the sarcoplasmic reticulum towards the cytosol, in order to induce muscle 
contraction; hyperphosphorylation induces leakage, suggesting impaired sequestration 16. It 
has also been found that the increase in the expression of the MuRF1 protein is not only due to 
physical inactivity (as it happens in healthy subjects) but also as a consequence of the increase 
in pulmonary vascular resistance 20.

Lower-limb muscle atrophy leads to weakness, this increases the structural degradation of 
myofibrils and some proteins 21. All these structural changes cause functional alterations 
and consequently the compromise of the performance of daily activities associated with 
symptoms 22 and quality of life of patients 16 with respiratory and limb muscle damage 19. 
Consequently, muscle training emerges as a strategy to implement pulmonary rehabilitation 
programs. Physical exercise appears to be safe and effective, which is why there is a need to 
establish specialized programs for patients with pulmonary hypertension 23-25.

Patients with pulmonary hypertension are physically inactive, associated with a higher risk 
of hospitalization 26. Moreover, as physical inactivity may be one of the main drivers of lower-
limb muscle weakness in patients with pulmonary hypertension, measuring physical activity 
levels seems of clinical importance 27,28. This also provides a clear rationale for why exercise-
based interventions are effective in patients with pulmonary hypertension to increase muscle 
function and exercise tolerance and quality of life.

Respiratory muscle dysfunction

Patients with stage II-IV pulmonary hypertension reduce muscle strength compared to 
healthy individuals (25% less) 29. For being progressive, pulmonary hypertension results 
in a reduction in aerobic capacity and the strength of respiratory muscles 30. It has been 
identified that functional aerobic capacity is directly related to muscle strength in patients with 
pulmonary hypertension; diaphragmatic dysfunction has been reported in animal models 
and patients who suffer from exercise intolerance; in rats with pulmonary hypertension by 
the monocrotaline model, the contraction and the generation of the maximum tetanic force 
of the diaphragm were lower. The transverse fiber of the diaphragm was significantly smaller 
in pulmonary hypertension rats 31,32. In addition, histologically, there have been reported 
weakness and atrophy in the respiratory muscles of patients with pulmonary hypertension; a 
situation that strengthens the concept that this respiratory muscle dysfunction contributes to 
dyspnea and fatigue while exercising 33.

The maximum inspiratory and expiratory pressure values   have been related to the distance in 
the 6-minutes walk test 8. Furthermore, pulmonary hypertension patients have been shown to 
experience hyperventilation both at rest and during exercise 34,35. Continuous muscle activity 
increases energy demand and reduces force-generating capacity; therefore, it is possible to infer that 
this direct relationship should promote the training of the respiratory muscles, and thus, indirectly, 
there will be an improvement in the aerobic capacity and in the functionality of the patients.

Evaluation

The evaluation of the patients should include a complete review of the medical history, 
including sociodemographic and clinical aspects such as dyspnea on exercise ,36 and health-
related quality of life 37. Furthermore, the evaluation of functional aerobic capacity has been 
included in various studies of patients with pulmonary hypertension 38,39. It is recommended 
that the same physical therapist perform the evaluations weekly.
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Muscle evaluation involves instrumental strategies with mostly objective results; the alternatives are 
described in Figure 1. For the evaluation of the extremities, the arm ergometer, the 6-minute pegboard 
and ring test, and the one-repetition maximum have been used in the upper limbs. In lower limbs, the 
contractile leg fatigue, the one-maximum repetition and for deep analysis the quadriceps tomography 
and the biopsy for molecular tests. The evaluation of respiratory muscles is carried out mainly with 
a manovacuometer in which maximum inspiratory pressure and maximum expiratory pressure are 
obtained. Each of the tools described are described in detail below.

Lower and upper-limb muscle function

For evaluating lower-limb strength, simple strategies such as one repetition maximum test are 
used, up to measurements that require specialized equipment such as computed tomography. 
The one-repetition maximum test is defined as the maximum weight that can be lifted with 
proper technique; in patients with COPD and other comorbidities, it is considered the gold 
standard in situations where laboratory tests cannot be performed. It is a well-tolerated and 
easily accessible test 40,41. The test consists of a warm-up with ten reps at a lightweight, followed 
by a 2-minutes rest period prior to the one-repetition maximum test. The initial weight is 
calculated according to the body weight and is progressively increased until reaching the 
maximum. A 60 second rest period is recommended between measurements 42,43.

Figure 1.   Muscular assessment is necessary to establish the goals of the intervention. Different 
instrumental strategies are included. The respiratory muscles are measured by pressure changes 
that allow identifying the inspiratory force generated by the diaphragm and the intercostals and 
the expiratory force by the abdominals; Its measurement is mainly carried out with a mano-
vacuometer with which máximum inspiratory pressure and máximum expiratory pressure are 
measured. Regarding the evaluation of limb strength, the arm ergometer, the 6-minute pegboard 
and ring test and the one-repetition maximum are used in the upper limbs, and their assessment 
can be performed by muscle groups or by functional activities. In lower limbs, assessments focus 
mainly on quadriceps and triceps surae in which the contractile leg fatigue, the one-maximum 
repetition and for deep analysis, the quadriceps tomography and the biopsy for molecular tests 
have been applied. 1-RM: One-repetition máximum, MIP: Maximum Inspiratory Pressure, MEP: 

Maximum Expiratory Pressure, SNIP: Sniff nasal inspiratory pressure
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Regarding specific assessments of lower-limb muscle strength, contractile leg fatigue after 
cycling has been used to assess nonvolitional and volitional strength in the quadriceps 44. 
During maximal voluntary contraction, patients sustain isometric force to the maximum 
possible for three seconds; signals are amplified and recorded in software 45.

Quadriceps function in pulmonary hypertension has also been assessed with hydraulic 
dynamometry 46; patients are positioned in hip flexion at 90°, knee flexion at 70°; the transducer 
is located approximately 10 cm above the medial malleolus. A maximum voluntary contraction is 
measured by making five attempts with a 1-minute pause between each attempt 47.

Assessment by computed tomography, especially in the quadriceps, has also been included. 
In addition, a muscle biopsy has been used from the non-dominant side to identify muscle 
capillarity and the enzymatic activity of the quadriceps 44. Nevertheless; These measurements 
are more related to research, and their clinical applicability is reduced significantly in countries 
with difficult access to diagnostic tools.

For upper limbs, in addition to the evaluation of a maximum repetition, the 6-minute pegboard 
and ring test has been used, in which the subjects must move rings ranging from 14 to 50 grams, as 
far as possible in 6 minutes, and the score was the number of rings moved during this time period.

Respiratory muscle function

Regarding the evaluation of respiratory musculature, the measurement of maximum 
inspiratory pressure and maximum expiratory pressure has been used in studies that include 
patients with pulmonary hypertension 29,48,49.

These evaluations are carried out with pressure devices that contain mouthpieces to make the 
measurements; the maximum inspiratory pressure maneuver is performed from a maximum 
expiration close to residual volume and the maximum expiratory pressure after a maximum 
inspiration. The maximum inspiratory pressure and maximum expiratory pressure values   are 
calculated from the maximum sustained effort for one second; the tests are repeated until higher 
values   are achieved with a difference of 10%; however, other authors consider performing three 
to five repetitions and taking the highest value of the tests performed 30,33. The sniff nasal pressure 
measurement has also been used by performing it from the residual functional capacity 49,50 (Figure 1).

Training

Limb muscle training

Low to moderate intensity exercises have shown safety in patients with pulmonary 
hypertension. It has been identified that training can improve exercise capacity and health-
related quality of life. To start with the training protocols, patients are receiving their 
pharmacological therapies and are supervised, minimizing complications 4. Step climbing 
unsupported arm/leg exercises with and without dumbbells; use of circuits that involve large 
muscle groups using specific equipment for strengthening, such as leg and bench press, leg 
extension, lateral pulldown, and abdominal crunches 51. It has also been reported that strength 
training in the quadriceps should be progressive, and it depends on what was obtained in the 
initial evaluations, starting in the first week with three sets of 12 repetitions at 50% of the one-
repetition maximum test and progressing to 75% at week 7, until reaching week 12 with the 
same series and repetitions. Regarding resistance, the number of repetitions is increased to 
30, also three series, but starting in week one at 30% of the one-repetition maximum test and 
progressing to 40% in week 7, also until reaching week 12 46.

For the upper extremities, dumbbell workouts with low weight (500-1000 g) have been reported, 
focused on muscles independently 51,52; for 30 minutes, five times a week during 12 weeks; this could 
be due to the intention of carrying out safe activities that avoid as much as possible the appearance 
of complications related to musculoskeletal alterations and also to the heart-lung interaction 53.
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One of the most reported results is the relative decrease in type IIx fibers after muscular 
training in pulmonary rehabilitation. This result is strongly correlated with the decrease 
in CO2 production 44; results that have been identified not only in pulmonary arterial 
hypertension patients but also in chronic thromboembolic pulmonary hypertension patients 
who also improved their functional aerobic capacity and quality of life 52.

It has been reported that after training, there is an improvement in the distribution of muscle 
fibers 23, Activities as bicycle ergometer with continuous (30 min 50% peak workload) and 
interval training (1 min high/30 slow; 10-25 min; 10-60 W; with intensity 60-80% peakVO2); 
progressive increase during program 54,55. The specific training of the quadriceps has caused 
improvement in the performance and muscular function, this improvement consequence of 
morphological changes through the increase in the capillarization and the oxidative enzymatic 
activity evaluated with vastus lateralis biopsy 46,56.

Neuromuscular electrical stimulation has been used as an intervention in patients with chronic 
pulmonary disorders and is an alternative for those who do not have enough capacity to participate in 
moderate to high-intensity exercise programs 57. This method is passive and more tolerable for patients 
with severe symptoms resulting from a low metabolic load on the cardiorespiratory system 58,59.

In pulmonary hypertension, although there is little evidence to support its use; An 8-week 
study used Neuromuscular electrical stimulation on quadriceps and delts with 50 Hz 
frequency in 350 μs pulses over an on: off duty cycle, which was increased weekly from 2:15 s 
to 5:20 s to 10:15 s. The intensity was increasing according to the tolerance of the patient. The 
protocol was scheduled for 40 minutes a day three days a week. The intervention improved 
peripheral muscle strength, muscle cross-sectional area and thickness, arterial stiffness, 
exercise capacity, functional mobility, balance, balance confidence, physical activity level, and 
quality of life in patients with pulmonary arterial hypertension 59.

In general, muscle training promotes the increase of the maximum and peak oxygen consumption; 
as well the reduction of symptoms during exercise measured with the Borg scale; likewise, at the 
hemodynamic level, changes in heart rate and systolic and diastolic pressures demonstrate benefits 
that range from functional to structural, with molecular and clinical changes 43,55.

When the results obtained are integrated, it has been found that strength training improves Health-
related quality of life when evaluated with questionnaires such as CAMPHOR and SF36; changes 
generally occur in physical, mental, health perception, bodily pain, and vitality functions 43,55,60.

When training patients with a disease such as pulmonary hypertension, which has a high compromise 
in the cardiovascular and pulmonary system, with a high risk of complications, adverse effects are a 
risk. There have been reports of patients with syncope that can generally appear hours after training 
and episodes of tachycardia in patients with a history of arrhythmia; however, these adverse events did 
not transform into clinical worsening of heart failure resolved quickly. Continuous monitoring and 
training by highly trained personnel is the best way to mitigate these risks.

Respiratory muscle training

The patients that have been reported to benefit from respiratory muscle training are those with 
moderate 48 and even with severe pulmonary hypertension 61; due to the severity and cardiovascular 
compromise of the patients, the prescription must be carried out safely and effectively.

According to the evidence reviewed, the threshold inspiratory muscle training device is 
the most used to train muscles involved in inspiration, using loads of 30% of maximum 
inspiratory pressure for 30 minutes 7 days a week for six weeks 30. The threshold inspiratory 
muscle training allows training in a range from 9 cm H2O to 41 cm H2O. the loads generally 
start at 30% of the maximum inspiratory pressure; 15-minute workouts are reported twice a 
day for eight weeks, five days a week 48.
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Training activities that are accompanied by respiratory therapy performed five times a week 
have also been included. Other activities, including exercises to stretch the muscles related 
to breathing and trunk muscles, techniques such as pursed lips and conscious modulation 
of breathing patterns 49, and yoga techniques (Ujjayi breathing), which have been shown to 
improve baroreflex sensitivity in a healthy population 62.

Continuous monitoring of hemodynamic variables is required to perform the procedures while the 
intervention is being performed. The cut-off point is suggested at ≤130/min in heart rate. Regarding 
the peripheral oxygen saturation, a saturation value ≤85% is considered to decide to reduce the 
intensity; in cases where saturation decreases, the patients can receive supplemental oxygen during 
the performance of the procedures, which can be delivered utilizing low or high flow 63.

It has been reported that the addition of respiratory muscle training to the functional 
treatment of the upper and lower extremities offers more significant benefits to the 
improvement in the function of the muscles that are involved, also the positive benefits in 
the cardiocirculatory system, quality of life and the reduction of dyspnea during exercise 61. 
However, another study showed that performing muscle training with a threshold inspiratory 
muscle training device five days a week for 15 minutes, twice a day, only managed to 
improve the strength of the respiratory muscles, but no other parameters (quality of life and 
symptoms). This result may reinforce the idea that muscle training should be carried out in 
both respiratory muscles and limb muscles; and that the benefits are obtained with localized 
training accompanied by global training 48 (Table 1).

Conclusion

There are several alternatives for muscle testing and training in pulmonary hypertension. 
Muscle training in patients with pulmonary hypertension has been shown to be safe and 
effective; the selection of the appropriate patient, based on the severity of the disease, taking 
into account the values obtained in the right heart catheterization, imaging, biomarkers, and 
functional classification of patients; promoting early inclusion in training programs, which 
may be within the framework of pulmonary rehabilitation; is essential to choose forms of 
assessment and intervention.

Table1.  Estrategias y observaciones para el entrenamiento muscular en pacientes con hipertensión pulmonar 
Region Strategy Observations

Respiratory Muscles Threshold inspiratory muscle training device
Allows training in a range from 9 cm H2O to 41 
cm H2O. the loads generally start at 30% of the 
maximum inspiratory pressure 8,30

Lower Limbs Specific equipment for strengthening

Leg and bench press, leg extension, and lateral 
pulldown; starting in the first week with 3 sets 
of 12 repetitions at 50% of the one repetition 
maximum test and progressing to 75% at 
week 7 for strength 46,51

For resistance, the number of repetitions is 
increased to 30, also 3 series, but starting in 
week 1 at 30% of the one repetition maximum 
test and progressing to 40% in week 7 46.

Upper Limbs Dumbbell workouts

Low weight (500 - 1000 gr) have been repor-
ted, focused on muscles independently for 30 
minutes, five times a week during 12 weeks. 
Making increments according to the patient's 
response 4,51,53

 http://doi.org/10.25100/cm.v52i3.4287
http://doi.org/10.25100/cm.v52i4.5163
https://www.ncbi.nlm.nih.gov/pmc/tools/article-previewer/articles/instance/2812144/#B49
https://www.ncbi.nlm.nih.gov/pmc/tools/article-previewer/articles/instance/2812144/#B62
https://www.ncbi.nlm.nih.gov/pmc/tools/article-previewer/articles/instance/2812144/#B63
https://www.ncbi.nlm.nih.gov/pmc/tools/article-previewer/articles/instance/2812144/#B61
https://www.ncbi.nlm.nih.gov/pmc/tools/article-previewer/articles/instance/2812144/#B48
https://www.ncbi.nlm.nih.gov/pmc/tools/article-previewer/articles/instance/2812144/table/t2/


Colombia Médica | 9/13Dec 30 - 2021 http://doi.org/10.25100/cm.v52i4.5163

Muscle training in patients with pulmonary hypertension. a narrative review

References

1. Hoeper MM, Bogaard HJ, Condliffe R, Frantz R, Khanna D, Kurzyna M, et al. Definitions and diagnosis of 
pulmonary hypertension. J Am Coll Cardiol. 2013;62. doi: 10.1016/J.JACC.2013.10.032.

2. Galiè N, Humbert M, Vachiery JL, Gibbs S, Lang I, Torbicki A, et al. 2015 ESC/ERS Guidelines for the 
diagnosis and treatment of pulmonary hypertension: The Joint Task Force for the Diagnosis and Treatment of 
Pulmonary Hypertension of the European Society of Cardiology (ESC) and the European Respiratory Society 
(ERS): Endorsed by: Association for European Paediatric and Congenital Cardiology (AEPC), International 
Society for Heart and Lung Transplantation (ISHLT). Eur Heart J. 2016; 37: 67-119. doi: 10.1093/EURHEARTJ/
EHV317. [PubMed]

3. González-Saiz L, Fiuza-Luces C, Sanchis-Gomar F, Santos-Lozano A, Quezada-Loaiza CA, Flox-Camacho 
A, et al. Benefits of skeletal-muscle exercise training in pulmonary arterial hypertension: The WHOLEi+12 trial. 
Int J Cardiol. 2017; 231: 277-83. doi: 10.1016/J.IJCARD.2016.12.026. [PubMed]

4. Grünig E, Lichtblau M, Ehlken N, Ghofrani HA, Reichenberger F, Staehler G, et al. Safety and efficacy 
of exercise training in various forms of pulmonary hypertension. Eur Respir J. 2012; 40: 84-92. doi: 
10.1183/09031936.00123711. [PubMed]

5. Mainguy V, Maltais F, Saey D, Gagnon P, Martel S, Simon M, et al. Peripheral muscle dysfunction in 
idiopathic pulmonary arterial hypertension. Thorax. 2010; 65: 113-7. doi: 10.1136/THX.2009.117168. [PubMed]

6. Barreiro E, Gea J. Respiratory and Limb Muscle Dysfunction in COPD. COPD. 2015; 12: 413-26. doi: 
10.3109/15412555.2014.974737. [PubMed]

7. Tobita K, Goda A, Nishida Y, Takeuchi K, Kikuchi H, Inami T, et al. Factors contributing to exercise capacity 
in chronic thromboembolic pulmonary hypertension with near-normal hemodynamics. J Heart Lung Transplant. 
2021; 40: 677-86. doi: 10.1016/J.HEALUN.2021.03.003. [PubMed]

8. Aslan GK, Akinci B, Yeldan I, Okumus G. Respiratory muscle strength in patients with pulmonary 
hypertension: The relationship with exercise capacity, physical activity level, and quality of life. Clin Respir J. 
2018; 12: 699-705. doi: 10.1111/CRJ.12582. [PubMed]

9. Babu AS, Padmakumar R, Maiya AG. A review of ongoing trials in exercise based rehabilitation for pulmonary 
arterial hypertension. Indian J Med Res. 2013; 137: 900. [PubMed]

10. Spruit MA, Singh SJ, Garvey C, Zu Wallack R, Nici L, Rochester C, et al. An official American thoracic 
society/European respiratory society statement: Key concepts and advances in pulmonary rehabilitation. Am J 
Respir Crit Care Med. 2013; 188. doi: 10.1164/RCCM.201309-1634ST.

11. Liu X, Li P, Wang Z, Lu Y, Li N, Xiao L, et al. Evaluation of isokinetic muscle strength of upper limb and 
the relationship with pulmonary function and respiratory muscle strength in stable COPD patients. Int J Chron 
Obstruct Pulmon Dis. 2019; 14: 2027. doi: 10.2147/COPD.S214737. [PubMed]

12. Highland KB, Crawford R, Classi P, Morrison R, Doward L, Nelsen AC, et al. Development of the 
Pulmonary Hypertension Functional Classification Self-Report: a patient version adapted from the World Health 
Organization Functional Classification measure. Health Qual Life Outcomes. 2021; 19(1):202. doi:10.1186/
S12955-021-01782-0. [PubMed]

13. Matura LA, McDonough A, Carroll DL. Health-related quality of life and psychological states in patients with 
pulmonary arterial hypertension. J Cardiovasc Nurs. 2014; 29: 178-84. doi: 10.1097/JCN.0B013E318275330D. 
[PubMed]

14. Sancho-Muñoz A, Guitart M, Rodríguez DA, Gea J, Martínez-Llorens J, Barreiro E. Deficient muscle 
regeneration potential in sarcopenic COPD patients: Role of satellite cells. J Cell Physiol. 2021; 236: 3083-98. 
doi: 10.1002/JCP.30073. [PubMed]

 http://doi.org/10.25100/cm.v52i3.4287
http://doi.org/10.25100/cm.v52i4.5163
https://www.ncbi.nlm.nih.gov/pubmed/26320113
https://www.ncbi.nlm.nih.gov/pubmed/28189191
https://www.ncbi.nlm.nih.gov/pubmed/22323570
https://www.ncbi.nlm.nih.gov/pubmed/19720606
https://www.ncbi.nlm.nih.gov/pubmed/25438125
https://www.ncbi.nlm.nih.gov/pubmed/33879384
https://www.ncbi.nlm.nih.gov/pubmed/27860259
https://www.ncbi.nlm.nih.gov/pubmed/23760374
https://www.ncbi.nlm.nih.gov/pubmed/31564850
https://www.ncbi.nlm.nih.gov/pubmed/34429110
https://www.ncbi.nlm.nih.gov/pubmed/23151837
https://www.ncbi.nlm.nih.gov/pubmed/32989805


Colombia Médica | 10/13Dec 30 - 2021 http://doi.org/10.25100/cm.v52i4.5163

Muscle training in patients with pulmonary hypertension. a narrative review

15. Larsen MR, Steenberg DE, Birk JB, Sjøberg KA, Kiens B, Richter EA, et al. The insulin-sensitizing effect of 
a single exercise bout is similar in type I and type II human muscle fibres. J Physiol. 2020; 598: 5687-99. doi: 
10.1113/JP280475. [PubMed]

16. Batt J, Ahmed SS, Correa J, Bain A, Granton J. Skeletal muscle dysfunction in idiopathic pulmonary arterial 
hypertension. Am J Respir Cell Mol Biol. 2014;50:74-86. doi:10.1165/RCMB.2012-0506OC. [PubMed]

17. Manders E, Ruiter G, Bogaard HJ, Stienen GJM, Vonk-Noordegraaf A, De Man FS, et al. Quadriceps 
muscle fibre dysfunction in patients with pulmonary arterial hypertension. Eur Respir J. 2015;45:1737-40. 
doi:10.1183/09031936.00205114. [PubMed]

18. Wüst RCI, Myers DS, Stones R, Benoist D, Robinson PA, Boyle JP, et al. Regional skeletal muscle 
remodeling and mitochondrial dysfunction in right ventricular heart failure. Am J Physiol Heart Circ Physiol. 
2012; 302. doi:10.1152/AJPHEART.00653.2011.

19. Panagiotou M, Peacock AJ, Johnson MK. Respiratory and limb muscle dysfunction in pulmonary arterial 
hypertension: a role for exercise training? Pulm Circ. 2015;5:424-34. doi:10.1086/682431. [PubMed]

20. Carvalho RF, Castan EP, Coelho CA, Lopes FS, Almeida FLA, Michelin A, et al. Heart failure increases 
atrogin-1 and MuRF1 gene expression in skeletal muscle with fiber type-specific atrophy. J Mol Histol. 2010; 41: 
81-7. doi:10.1007/S10735-010-9262-X. [PubMed]

21. Lecker SH, Goldberg AL, Mitch WE. Protein degradation by the ubiquitin-proteasome pathway in normal 
and disease states. J Am Soc Nephrol. 2006; 17: 1807-19. doi:10.1681/ASN.2006010083. [PubMed]

22. Fowler R, Jenkins S, Maiorana A, Gain K, O’Driscoll G, Gabbay E. Australian perspective regarding 
recommendations for physical activity and exercise rehabilitation in pulmonary arterial hypertension. J 
Multidiscip Healthc. 2011; 4:451. doi:10.2147/JMDH.S26617. [PubMed]

23. Grünig E, Eichstaedt C, Barberà JA, Benjamin N, Blanco I, Bossone E, et al. ERS statement on 
exercise training and rehabilitation in patients with severe chronic pulmonary hypertension. Eur Respir J. 
2019;53(2):1800332. doi:10.1183/13993003.00332-2018. [PubMed]

24. Koudstaal T, Wapenaar M, Van Ranst D, Beesems R, Van Den Toorn L, Van Den Bosch A, et al. The Effects 
of a 10-wk Outpatient Pulmonary Rehabilitation Program on Exercise Performance, Muscle Strength, Soluble 
Biomarkers, and Quality of Life in Patients With Pulmonary Hypertension. J Cardiopulm Rehabil Prev. 2019; 
39:397-402. doi:10.1097/HCR.0000000000000443. [PubMed]

25. Grünig E, MacKenzie A, Peacock AJ, Eichstaedt CA, Benjamin N, Nechwatal R, et al. Standardized 
exercise training is feasible, safe, and effective in pulmonary arterial and chronic thromboembolic pulmonary 
hypertension: results from a large European multicentre randomized controlled trial. Eur Heart J. 2021;42:2284-
95. doi:10.1093/EURHEARTJ/EHAA696. [PubMed]

26. Marvin-Peek J, Hemnes A, Huang S, Silverman-Loyd L, MacKinnon G, Annis J, et al. Daily Step Counts 
Are Associated with Hospitalization Risk in Pulmonary Arterial Hypertension. Am J Respir Crit Care Med. 
2021;204(11):1338-1340. doi:10.1164/RCCM.202104-1035LE. [PubMed]

27. Halliday SJ, Shi H, Brittain EL, Hemnes AR. Reduced free-living activity levels in pulmonary arterial 
hypertension patients. Pulm Circ. 2019;9(1):2045894018814182. doi:10.1177/2045894018814182. [PubMed]

28. Sehgal S, Chowdhury A, Rabih F, Gadre A, Park MM, Li M, et al. Counting Steps: A New Way to Monitor 
Patients with Pulmonary Arterial Hypertension. Lung. 2019;197:501-8. doi:10.1007/S00408-019-00239-Y. 
[PubMed]

29. Panagiotou M, Peacock AJ, Johnson MK. Respiratory and limb muscle dysfunction in pulmonary arterial 
hypertension: a role for exercise training? Pulm Circ. 2015;5:424. doi:10.1086/682431. [PubMed]

 http://doi.org/10.25100/cm.v52i3.4287
http://doi.org/10.25100/cm.v52i4.5163
https://www.ncbi.nlm.nih.gov/pubmed/32916040
https://www.ncbi.nlm.nih.gov/pubmed/23972212
https://www.ncbi.nlm.nih.gov/pubmed/25745044
https://www.ncbi.nlm.nih.gov/pubmed/26401245
https://www.ncbi.nlm.nih.gov/pubmed/20349269
https://www.ncbi.nlm.nih.gov/pubmed/16738015
https://www.ncbi.nlm.nih.gov/pubmed/22247620
https://www.ncbi.nlm.nih.gov/pubmed/30578391
https://www.ncbi.nlm.nih.gov/pubmed/31592929
https://www.ncbi.nlm.nih.gov/pubmed/33232470
https://www.ncbi.nlm.nih.gov/pubmed/34375161
https://www.ncbi.nlm.nih.gov/pubmed/30419794
https://www.ncbi.nlm.nih.gov/pubmed/31144016
https://www.ncbi.nlm.nih.gov/pubmed/26401245


Colombia Médica | 11/13Dec 30 - 2021 http://doi.org/10.25100/cm.v52i4.5163

Muscle training in patients with pulmonary hypertension. a narrative review

30. Saglam M, Arikan H, Vardar-Yagli N, Calik-Kutukcu E, Inal-Ince D, Savci S, et al. Inspiratory muscle 
training in pulmonary arterial hypertension. J Cardiopulm Rehabil Prev. 2015;35:198-206. doi:10.1097/
HCR.0000000000000117. [PubMed]

31. Spiesshoefer J, Herkenrath S, Mohr M, Randerath W, Tuleta I, Diller GP, et al. Diaphragm function does not 
independently predict exercise intolerance in patients with precapillary pulmonary hypertension after adjustment 
for right ventricular function. Biosci Rep. 2019; 39(9):BSR20190392. doi:10.1042/BSR20190392. [PubMed]

32. De Man FS, Van Hees HWH, Handoko ML, Niessen HW, Schalij I, Humbert M, et al. Diaphragm muscle 
fiber weakness in pulmonary hypertension. Am J Respir Crit Care Med. 2011;183:1411-8. doi:10.1164/
RCCM.201003-0354OC. [PubMed]

33. Kabitz HJ, Schwoerer A, Bremer HC, Sonntag F, Walterspacher S, Walker D, et al. Impairment of respiratory 
muscle function in pulmonary hypertension. Clin Sci (Lond). 2008;114:165-71. doi:10.1042/CS20070238. 
[PubMed]

34. Peters EL, Campen JSJ. van, Groepenhoff H, Man FS de, Noordegraaf AV, Bogaard HJ. Bisoprolol and/or 
hyperoxic breathing do not reduce hyperventilation in pulmonary arterial hypertension patients. Pulm Circ. 2021; 
11: 204589402110578. doi:10.1177/20458940211057890.

35. Yasunobu Y, Oudiz RJ, Sun XG, Hansen JE, Wasserman K. End-tidal PCO2 abnormality and exercise 
limitation in patients with primary pulmonary hypertension. Chest. 2005;127:1637-46. doi:10.1378/
CHEST.127.5.1637. [PubMed]

36. Ho JE, Zern EK, Lau ES, Wooster L, Bailey CS, Cunningham T, et al. Exercise Pulmonary Hypertension 
Predicts Clinical Outcomes in Patients With Dyspnea on Effort. J Am Coll Cardiol. 2020;75:17-26. 
doi:10.1016/J.JACC.2019.10.048. [PubMed]

37. Gu S, Hu H, Dong H. Systematic Review of Health-Related Quality of Life in Patients with Pulmonary 
Arterial Hypertension. Pharmacoeconomics. 2016;34:751-70. doi:10.1007/S40273-016-0395-Y. [PubMed]

38. Kovacs G, Dumitrescu D, Barner A, Greiner S, Grünig E, Hager A, et al. Definition, clinical classification 
and initial diagnosis of pulmonary hypertension: Updated recommendations from the Cologne Consensus 
Conference 2018. Int J Cardiol. 2018;272S:11-9. doi:10.1016/J.IJCARD.2018.08.083. [PubMed] 

39. Zelniker TA, Huscher D, Vonk-Noordegraaf A, Ewert R, Lange TJ, Klose H, et al. The 6MWT as a prognostic 
tool in pulmonary arterial hypertension: results from the COMPERA registry. Clin Res Cardiol. 2018;107:460-70. 
doi:10.1007/S00392-018-1207-5. [PubMed]

40. Grgic J, Lazinica B, Schoenfeld BJ, Pedisic Z. Test-Retest Reliability of the One-Repetition Maximum 
(1RM) Strength Assessment: a Systematic Review. Sport Med Open. 2020; 6(1):31. doi:10.1186/S40798-020-
00260-Z.

41. Zanini A, Aiello M, Cherubino F, Zampogna E, Azzola A, Chetta A, et al. The one repetition maximum test 
and the sit-to-stand test in the assessment of a specific pulmonary rehabilitation program on peripheral muscle 
strength in COPD patients. Int J Chron Obstruct Pulmon Dis. 2015;10:2423-30. doi:10.2147/COPD.S91176. 
[PubMed]

42. Fowler RM, Maiorana AJ, Jenkins SC, Gain KR, O’Driscoll G, Gabbay E. A comparison of the acute 
haemodynamic response to aerobic and resistance exercise in subjects with exercise-induced pulmonary 
arterial hypertension. Eur J Prev Cardiol. 2013;20:605-12. doi:10.1177/2047487312445424. [PubMed]

43. Waller L, Krüger K, Conrad K, Weiss A, Alack K. Effects of Different Types of Exercise Training on 
Pulmonary Arterial Hypertension: A Systematic Review. J Clin Med. 2020; 9(6): 1689. doi:10.3390/
JCM9061689.

 http://doi.org/10.25100/cm.v52i3.4287
http://doi.org/10.25100/cm.v52i4.5163
https://www.ncbi.nlm.nih.gov/pubmed/25909652
https://www.ncbi.nlm.nih.gov/pubmed/31427479
https://www.ncbi.nlm.nih.gov/pubmed/21131469
https://www.ncbi.nlm.nih.gov/pubmed/17764445
https://www.ncbi.nlm.nih.gov/pubmed/15888840
https://www.ncbi.nlm.nih.gov/pubmed/31918830
https://www.ncbi.nlm.nih.gov/pubmed/26951248
https://www.ncbi.nlm.nih.gov/pubmed/30219257
https://www.ncbi.nlm.nih.gov/pubmed/29368137
https://www.ncbi.nlm.nih.gov/pubmed/26648705
https://www.ncbi.nlm.nih.gov/pubmed/22505056


Colombia Médica | 12/13Dec 30 - 2021 http://doi.org/10.25100/cm.v52i4.5163

Muscle training in patients with pulmonary hypertension. a narrative review

44. Mainguy V, Maltais F, Saey D, Gagnon P, Martel S, Simon M, et al. Effects of a rehabilitation program on 
skeletal muscle function in idiopathic pulmonary arterial hypertension. J Cardiopulm Rehabil Prev. 2010;30:319-
23. doi:10.1097/HCR.0B013E3181D6F962. [PubMed]

45. Saey D, Debigaré R, LeBlanc P, Jeffery Mador M, Côté CH, Jobin J, et al. Contractile leg fatigue after cycle 
exercise: a factor limiting exercise in patients with chronic obstructive pulmonary disease. Am J Respir Crit Care 
Med. 2003;168:425-30. doi:10.1164/RCCM.200208-856OC. [PubMed]

46. De Man FS, Handoko ML, Groepenhoff H, Van’t Hul AJ, Abbink J, Koppers RJH, et al. Effects of 
exercise training in patients with idiopathic pulmonary arterial hypertension. Eur Respir J. 2009;34:669-75. 
doi:10.1183/09031936.00027909. [PubMed]

47. Van’t Hul A, Harlaar J, Gosselink R, Hollander P, Postmus P, Kwakkel G. Quadriceps muscle endurance in patients 
with chronic obstructive pulmonary disease. Muscle Nerve. 2004;29:267-74. doi:10.1002/MUS.10552. [PubMed]

48. Aslan GK, Akinci B, Yeldan I, Okumus G. A randomized controlled trial on inspiratory muscle training in 
pulmonary hypertension: Effects on respiratory functions, functional exercise capacity, physical activity, and 
quality of life. Heart Lung. 2020;49:381-7. doi:10.1016/J.HRTLNG.2020.01.014. [PubMed]

49. Kabitz HJ, Bremer HC, Schwoerer A, Sonntag F, Walterspacher S, Walker DJ, et al. The combination 
of exercise and respiratory training improves respiratory muscle function in pulmonary hypertension. Lung. 
2014;192:321-8. doi:10.1007/S00408-013-9542-9. [PubMed]

50. Nikoletou D, Rafferty G, Man WDC, Mustfa N, Donaldson N, Grant RL, et al. Sniff nasal inspiratory pressure 
in patients with moderate-to-severe chronic obstructive pulmonary disease: learning effect and short-term 
between-session repeatability. Respiration. 2014;88:365-70. doi:10.1159/000365998. [PubMed]

51. Fox BD, Kassirer M, Weiss I, Raviv Y, Peled N, Shitrit D, et al. Ambulatory rehabilitation improves 
exercise capacity in patients with pulmonary hypertension. J Card Fail. 2011;17:196-200. doi:10.1016/J.
CARDFAIL.2010.10.004. [PubMed]

52. Nagel C, Prange F, Guth S, Herb J, Ehlken N, Fischer C, et al. Exercise Training Improves Exercise 
Capacity and Quality of Life in Patients with Inoperable or Residual Chronic Thromboembolic Pulmonary 
Hypertension. PLoS One. 2012; 7(7):e41603. doi:10.1371/JOURNAL.PONE.0041603. [PubMed]

53. Keusch S, Turk A, Saxer S, Ehlken N, Grunig E, Ulrich S. Rehabilitation in patients with pulmonary arterial 
hypertension. Swiss Med Wkly. 2017; 147:w14462. doi:10.4414/SMW.2017.14462. [PubMed]

54. Ehlken N, Verduyn C, Tiede H, Staehler G, Karger G, Nechwatal R, et al. Economic evaluation of exercise training in 
patients with pulmonary hypertension. Lung. 2014;192:359-66. doi:10.1007/S00408-014-9558-9. [PubMed]

55. Ehlken N, Lichtblau M, Klose H, Weidenhammer J, Fischer C, Nechwatal R, et al. Exercise training 
improves peak oxygen consumption and haemodynamics in patients with severe pulmonary arterial 
hypertension and inoperable chronic thrombo-embolic pulmonary hypertension: a prospective, randomized, 
controlled trial. Eur Heart J. 2016;37:35-44. doi:10.1093/EURHEARTJ/EHV337. [PubMed]

56. Riou M, Pizzimenti M, Enache I, Charloux A, Canuet M, Andres E, et al. Skeletal and Respiratory Muscle 
Dysfunctions in Pulmonary Arterial Hypertension. J Clin Med. 2020; 9(2):410. doi:10.3390/JCM9020410.

57. Maddocks M, Nolan CM, Man WDC, Polkey MI, Hart N, Gao W, et al. Neuromuscular electrical stimulation 
to improve exercise capacity in patients with severe COPD: a randomised double-blind, placebo-controlled trial. 
Lancet Respir Med. 2016;4:27-36. doi:10.1016/S2213-2600(15)00503-2. [PubMed]

58. Sillen MJH, Franssen FME, Vaes AW, Delbressine JML, Wouters EFM, Spruit MA. Metabolic load during 
strength training or NMES in individuals with COPD: results from the DICES trial. BMC Pulm Med. 2014;14:146. 
doi:10.1186/1471-2466-14-146. [PubMed]

 http://doi.org/10.25100/cm.v52i3.4287
http://doi.org/10.25100/cm.v52i4.5163
https://www.ncbi.nlm.nih.gov/pubmed/20410828
https://www.ncbi.nlm.nih.gov/pubmed/12714348
https://www.ncbi.nlm.nih.gov/pubmed/19720810
https://www.ncbi.nlm.nih.gov/pubmed/14755493
https://www.ncbi.nlm.nih.gov/pubmed/32143877
https://www.ncbi.nlm.nih.gov/pubmed/24338088
https://www.ncbi.nlm.nih.gov/pubmed/25195601
https://www.ncbi.nlm.nih.gov/pubmed/21362526
https://www.ncbi.nlm.nih.gov/pubmed/22848542
https://www.ncbi.nlm.nih.gov/pubmed/28695558
https://www.ncbi.nlm.nih.gov/pubmed/24609926
https://www.ncbi.nlm.nih.gov/pubmed/26231884
https://www.ncbi.nlm.nih.gov/pubmed/26701362
https://www.ncbi.nlm.nih.gov/pubmed/25182377


Colombia Médica | 13/13Dec 30 - 2021 http://doi.org/10.25100/cm.v52i4.5163

Muscle training in patients with pulmonary hypertension. a narrative review

59. Kahraman BO, Savci S, Ozsoy I, Baran A, Acar S, Ozpelit E, et al. Effects of neuromuscular electrical 
stimulation in patients with pulmonary arterial hypertension: a randomized controlled pilot study. J Cardiol. 
2020;75:702-8. doi:10.1016/J.JJCC.2019.12.013. [PubMed]

60. Becker-Grünig T, Klose H, Ehlken N, Lichtblau M, Nagel C, Fischer C, et al. Efficacy of exercise training 
in pulmonary arterial hypertension associated with congenital heart disease. Int J Cardiol. 2013;168:375-81. 
doi:10.1016/J.IJCARD.2012.09.036. [PubMed]

61. Mereles D, Ehlken N, Kreuscher S, Ghofrani S, Hoeper MM, Halank M, et al. Exercise and respiratory 
training improve exercise capacity and quality of life in patients with severe chronic pulmonary hypertension. 
Circulation. 2006;114:1482-9. doi:10.1161/CIRCULATIONAHA.106.618397. [PubMed]

62. Mason H, Vandoni M, Debarbieri G, Codrons E, Ugargol V, Bernardi L. Cardiovascular and Respiratory 
Effect of Yogic Slow Breathing in the Yoga Beginner: What Is the Best Approach?. Evid Based Complement 
Alternat Med. 2013;2013. doi:10.1155/2013/743504.

63. Grünig E, Ehlken N, Ghofrani A, Staehler G, Meyer FJ, Juenger J, et al. Effect of exercise and respiratory 
training on clinical progression and survival in patients with severe chronic pulmonary hypertension. 
Respiration. 2011;81:394-401. doi:10.1159/000322475. [PubMed]

 http://doi.org/10.25100/cm.v52i3.4287
http://doi.org/10.25100/cm.v52i4.5163
https://www.ncbi.nlm.nih.gov/pubmed/32001075
https://www.ncbi.nlm.nih.gov/pubmed/23041100
https://www.ncbi.nlm.nih.gov/pubmed/16982941
https://www.ncbi.nlm.nih.gov/pubmed/21311162

