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ABSTRACT      
Cardiovascular conditions are significant causes of mortality and morbidity leading to substantial disability. The aim of the paper is to improve 
Physical and Rehabilitation Medicine (PRM) physicians’ professional practice for people with cardiovascular conditions in order to promote 
their functioning and to reduce activity limitations and/or participation restrictions. A systematic review of the literature and a Consensus pro-
cedure by means of a Delphi process have been performed involving the delegates of all European countries represented in the UEMS PRM 
Section. The systematic literature review is reported together with thirty recommendations resulting from the Delphi procedure. The professional 
role of PRM physicians having expertise in the rehabilitation of cardiovascular conditions is to lead cardiac rehabilitation programs in multi-
professional teams, working in collaboration with other disciplines in a variety of settings to improve functioning of people with cardiovascular 
conditions. This evidence-based position paper represents the official position of the European Union through the UEMS PRM Section and 
designates the professional role of PRM physicians in persons with cardiovascular conditions.
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Introduction

Cardiovascular diseases are leading causes of mortality, 
ischemic heart disease resulting in increased deaths 

within the last decade by 16.6% globally.1 Substantial dis-
ability is also associated with cardiovascular conditions 
among which ischemic heart disease ranked the first ac-
counting for more than seven million years lived with dis-
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Results

Flow chart of paper selection for reviewing the literature is 
shown in Supplementary Digital Material 2 (Supplemen-
tary Figure 1). Systematic review of the literature provided 
us with below listed rehabilitation programs of care/PRM 
interventions along with their evidence of effectiveness 
leading to recommendations in specific cardiovascular 
conditions.

Coronary heart disease/Ischemic heart disease/Coronary 
artery disease

Exercise-based cardiac rehabilitation

Exercise-based cardiac rehabilitation is the cornerstone 
of management for patients with coronary heart disease 
(CHD). A cardiac rehabilitation program is a multicom-
ponent initiative, core components of which includes as-
sessment of the patient, medical (e.g. cardioprotective 
treatments) and lifestyle risk factor management involv-
ing change of health behaviors and education relevant to 
physical activity, exercise, diet, smoking cessation, weight 
control, lipid and blood pressure management as well as 
exercise prescription, vocational support, and psychoso-
cial management performable by a multiprofessional team 
in in-patient and/or out-patient settings or at home or in 
the community requiring lifelong continuation along with 
audit and evaluation.9, 10 Exercise training is the mainstay 
and the most studied component of cardiac rehabilitation 
programs with varying recommendations in guidelines/
across countries.11 Exercise prescription recommenda-
tions in guidelines in different parts of the world and also 
country specific guidelines in Europe are provided in 
Supplementary Digital Material 3 (Supplementary Table 
I) and Supplementary Digital Material 4 (Supplementary 
Table II).

Before prescribing an exercise-based cardiac rehabili-
tation program, assessment with a focus on functioning 
is the major step which can be done using the brief ICF 
Core Sets for cardiopulmonary conditions for acute and 
post-acute care (www.icf-research-branch.org/download/
category/12-cardiovascularandrespiratoryconditions) as 
well as ICF Core Sets for chronic ischemic heart disease.12 
Rehabilitation goal setting follows the assessment process. 
PRM physicians may refer to clinical algorithms for the 
prescription of exercise for patients with CHD as demon-
strated in the paper by Achttien et al.13

There is also a strong need for the assessment and inclu-
sion of psychosocial risk factor (such as stress, anxiety, de-

ability (YLD). Likewise, heart failure and even atrial fi-
brillation and flutter impose a great burden of disability on 
the affected individual and society with YLDs of 6.2 and 
2.6 million years, respectively. as calculated in the Global 
Burden of Disease study for the year 2015.2 Last but not 
least, hypertension was found as the leading risk factor 
in both genders with the largest contribution to death and 
YLDs.3

The discrepancy between rates of mortality in general 
and YLDs, the latter decreasing much more slowly (or 
even increasing) than the former due to the ageing of the 
population globally leads to a substantial number of chron-
ically ill individuals with cardiovascular conditions who 
survive which represent a reservoir of disability, requiring 
health services for secondary prevention and reduction of 
the disability.4

Disability is an umbrella term describing problems in 
functioning including impairments in body functions, ac-
tivity limitations, and participation restrictions as defined 
the International Classification of Functioning, Disability 
and Health (ICF).5 The management of any problems in 
functioning falls within the scope of Physical and Rehabil-
itation Medicine (PRM), defined as “medicine of function-
ing.”6, 7 Significant problems in functioning of individuals 
with cardiovascular conditions place PRM physicians in a 
position to carry out successful cardiac rehabilitation with 
“add-on” specific PRM interventions when necessary.

The aim of this evidence-based position paper (EBPP) 
is to improve PRM physicians’ professional practice for 
people with cardiovascular conditions in order to promote 
their functioning and to reduce activity limitations and/or 
participation restrictions.

Literature search

This EBPP is produced according to the methodology 
proposed by the UEMS-PRM Section.8 The EBPP com-
prises of two parts: a systematic review of the literature 
and a consensus with Delphi procedure among UEMS 
PRM Section delegates. The details of systematic litera-
ture search PubMed/MEDLINE and the Cochrane Library 
and paper selection with the main inclusion criterion as the 
relevance of the article with the PRM profession are given 
in Supplementary Digital Material 1 (Text File 1).

Information on the strength of evidence (SoE) and rec-
ommendation (SoR) grading as well as how the consensus 
on recommendations has been reached by the Delphi pro-
cedure can be found in the methodology paper by Negrini 
et al.8
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As summarized in the 2014 overview of six Cochrane 
reviews, exercise-based cardiac rehabilitation leads to re-
ductions in hospitalizations in clinically stable patients 
with low-risk after myocardial infarction, percutaneous 
coronary intervention, or heart failure with improvements 
in health-related quality of life (HRQoL) and with similar 
effects and costs of center- or home-based programs when 
compared with usual care.23 Additionally favorable ef-
fects on mortality have been evidenced in recent CRs/SRs 
(Supplementary Digital Material 5, Supplementary Table 
III), mortality benefits of exercise being similar to those of 
drug interventions in CHD or heart failure.24

Despite well-established efficacy of exercise-based car-
diac rehabilitation programs on function and HRQoL as 
well as on mortality based on good evidence,23, 24 avail-
ability of cardiac rehabilitation programs globally is low 
with only 38.8% of countries globally having cardiac reha-
bilitation programs, 68.0%, 28.2%, and 8.3% of which in 
high-income, middle-income, and low-income countries, 
respectively.25 Even at the availability of programs, par-
ticipation in and adherence to those programs are prob-
lematic issues resulting from either patient- or program-
related factors which include existence of co morbidities, 
unemployment, low income, lack of a spouse, less educa-
tion, living away from facilities, not being able to drive or 
use transportation, showing similarities at different parts 
of the world.26 Even in outpatient/home/community set-
tings, participation in exercise training is associated with 
problems albeit less when referred and/or recommended 
by a physician.27 Therefore, it is very important for physi-
cians to motivate patients with CHD to exercise in differ-
ent settings.

It is important to note that cardiac rehabilitation pro-
grams require a multiprofessional team, working in col-
laboration with other disciplines. The authors of this EBPP 
on behalf of the UEMS PRM Section recommend more 
involvement of PRM physicians in cardiac rehabilitation 
programs as leaders in in-patient and outpatient settings 
(center-based) in collaboration with other health profes-
sionals trained in cardiac rehabilitation and as joint lead-
ers, coordinators, advisors, evaluators, or consultants at 
home and/or community settings. The reasons for this 
recommendation include the following: first of all, PRM 
is the primary medical specialty concerned with the im-
provement of physical and cognitive functioning including 
behavior as well as promotion of participation (including 
quality of life) and modification of personal and environ-
mental factors with responsibility of rehabilitation man-
agement of persons with disabling health conditions and 

pression, type-D personality, social isolation) management 
strategies to be accomplished by relevant team members 
in cardiac rehabilitation programs due to their unfavorable 
effects on required lifestyle modifications, HRQoL, pro-
gram adherence, and ultimately prognosis. These strate-
gies can be found in the position paper by ESC/EACPR/ 
Cardiac Rehabilitation Section.14 Attention is needed par-
ticularly for depression which is very common in cardio-
vascular diseases, affecting nearly half (~40%) of those 
with CHD15 and even those with peripheral arterial disease 
with a prevalence ranging from 3% to 48% depending on 
study type.16 Depression is not only associated with mor-
tality in CHD or heart failure, but also with worse HRQoL, 
more frequent use of health services and costs/economic 
burden.15 Another aspect is its negative influence on ex-
ercise capacity, walking capabilities, and physical func-
tioning which can ultimately lead to worse prognosis with 
further increase in mortality risk.17

Patient education for the modification of CHD risk fac-
tors for secondary prevention (certainly also for primary 
prevention) should be prioritized in cardiac rehabilita-
tion programs with the objectives of promoting a healthy 
lifestyle including cessation of smoking, regular physical 
activity/exercise, a healthy diet, stress management along 
with adherence to treatment/programs, health-care system 
use, and return-to-work.18 Exercise-based cardiac rehabili-
tation programs may additionally include sexual counsel-
ling.19

Cardiac rehabilitation programs may be delivered in a 
variety of ways. In addition to conventional hospital/cen-
ter-, home-, or community-based cardiac rehabilitation 
programs, tele-cardiac rehabilitation programs/telehealth 
interventions tailored to the needs of the individual patient 
are available as alternative models.20 Guidelines for car-
diac rehabilitation in low-resource settings are also avail-
able.21

Possible basic/intracellular mechanisms of beneficial 
cardioprotective effects of exercise may relate to favorable 
outcomes in the production of nitric oxide and heat shock 
proteins, improvements in potassium channel function 
(ATP-dependent), opioid system and cardiac antioxidant 
capacity.22

Risk stratification for each individual to be admitted 
to cardiac rehabilitation programs, tailored exercise, 
monitoring, and ensuring safety are of paramount im-
portance, the measures for which can be found in guide-
lines (Supplementary Digital Material 3, Supplementary 
Table I; Supplementary Digital Material 4, Supplemen-
tary Table II).
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may complicate the health condition when concomitantly 
exists with CHD and/or heart failure. Also, in this case, 
exercise training with close and careful supervision and 
monitoring (mostly with ECG for arrhythmias) as well as 
CHD risk factors management are suggested based on C 
level of evidence and class I recommendation in a guide-
line.37

Safety concerns should be prioritized by all of the exer-
cise prescribing and supervising health professionals. Cau-
tious evaluation, pharmacological treatment, if required, 
exercise testing for men aged ≥45 years and for women 
≥55 years, and risk stratification and close monitoring are 
major issues regarding safety before and during tailored 
exercise training of individuals with hypertension. The as-
sociation between strenuous exercise and increased throm-
bocyte activation and adhesion should be well known in 
order to prevent the risk of sudden death, particularly im-
portant for those who are not used to exercising. It is also 
important to know that cardiovascular event and mortal-
ity risk may increase by 4% for each augmentation of 10 
mm Hg in SBP when exercising at moderate intensity.38 
Gradual increase in exercise intensity could be a good 
safety measure. Medications the patient is using should 
also be evaluated since β-blockers and diuretics may ad-
versely affect thermoregulation and may be reasons for 
hypoglycemia. Gradual cessation of exercise and control 
of room temperature are recommended for individuals tak-
ing β-blockers, calcium channel blockers, and vasodilators 
due to their possible post-exercise hypotensive effects.39, 40 
It is important to follow exercise testing and prescription 
guidelines.40

Heart failure

The details of exercise training can be found in HFA/
EACPR consensus document.41 In addition to exercising, 
heart failure disease management programs supporting 
self-management/care (management of medications and 
behaviors) are the backbone of rehabilitation in heart fail-
ure. Attention should be given to components of these pro-
grams such as those which provide better patient under-
standing and self-care of the health condition, improved 
self-efficacy, more involvement of family members/care-
givers in self-care, improvement in psychosocial well-
being and health-care professionals support for the use of 
technology.42 Supported self-management strategies may 
contribute to greater self-efficacy and facilitate under-
standing/learning as well as adapting and applying health 
professionals’ advices into daily living.43 Self-efficacy 
strategies are also important for exercise programs with 

their comorbidities across all ages in addition to the pre-
vention, medical diagnosis and treatment of health condi-
tions.7, 28, 29 This definition of PRM covers the aspects to 
fulfil the components of cardiac rehabilitation programs. 
Collaboration with cardiologists is certainly required re-
garding the basic cardiovascular examination and assess-
ment, planning cardiac rehabilitation tailored to the indi-
vidual patient, regulating cardiovascular medications, and 
possible adverse events.30 It should also be noted that ef-
fective team working is fundamental in PRM.31 Addition-
ally, in in-patient/hospital settings, it may be more feasible 
to use the facilities already available in PRM departments 
in hospitals (exercise equipment, physical therapists, and 
other rehabilitation professionals) in circumstances where 
there is no common physical therapy units or competent 
rehabilitation professionals serving to all medical special-
ties, which might be the case for some countries, particu-
larly in university hospitals. In center-based cardiac reha-
bilitation programs which are more common in European 
countries,32 or at home or community settings, PRM physi-
cians may contribute significantly to cardiac rehabilitation 
programs by virtue of their competence and rehabilitation 
as their health strategy.6, 7, 28

Hypertension

Hypertension is the globally ranking first and the most im-
portant risk factor for death responsible for 49% of CHD 
and for 62% of cerebrovascular disease.3 Each augmenta-
tion of 20/10 mmHg in suboptimal systolic blood pressure 
(SBP) (SBP>115 mmHg) was noted to double the risk of 
cardiovascular disease by the World Health Organiza-
tion.33

Exercise training is considered as a significant non-
pharmacological intervention in the management of hy-
pertension with cardiovascular risk, pharmacological 
intervention related cost and adverse event reducing ef-
fects. Potential acute or chronic mechanisms by which 
exercise training reduces/improves blood pressure include 
decreased peripheral vascular resistance, reduced cardiac 
output, stroke volume, and left ventricular end-diastolic 
volume, improvement in myocardial contractility and cor-
onary perfusion, arterial compliance and endothelial func-
tion, increased nitric oxide production and reduced rate of 
atherosclerosis.34, 35

Exercise recommendations on hypertension by several 
guidelines are shown in Supplementary Digital Material 
6 (Supplementary Table IV). Recommendations may vary 
in guidelines in terms of frequency, intensity, time, and 
type (FITT).36 It should also be noted that hypertension 
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Heart transplantation

It is well known that exercise training results in improve-
ments in cardiopulmonary functional variables, exercise 
capacity, body composition, and HRQoL in heart trans-
plant recipients.53 It has recently been shown in a retro-
spective study that early participation in a cardiac rehabili-
tation program following heart transplantation is associ-
ated with long-term survival.54

Implantable cardioverter defibrillators (ICD)

Exercise combined with psychoeducational interventions 
may induce extra benefits of approximately 14% to 25% in 
improving exercise capacity, HRQoL, and general physical 
and mental well-being in patients with an implanted ICD 
in a safe manner.55 PRM physicians should observe atten-
tively any shoulder disability which may be associated with 
implanted ICDs due to avoidance of shoulder movements 
in fear of dislodgement of the leads.56 Also, some concerns 
and fear of unfavorable interactions with the use of some 
physical modalities in individuals with cardiac rhythm de-
vices such as pacemakers and/or implantable ICDs exist. 
Despite lacking guidelines and/or robust research on this 
issue, the avoidance of electrical currents such as TENS 
and interferential current and also diathermy is suggested.57 
However, a recent SR based on four trials (three of which 
being safety studies and one being a case report) on the 
safety of the use of neuromuscular electrical stimulation 
(NMES) for increasing exercise capacity and strength of 
lower extremity (thighs) in individuals with ICDs did not 
reveal any interference with electromagnetism which could 
jeopardize ICD function when used for the tighs; however, 
the opposite was observed when used for abdominal mus-
cles.58 It is apparent that utmost caution is required, the rec-
ommendations for which can be found in this SR.58

The evidence for the effectiveness of nonpharmacologi-
cal/conservative interventions which may fall within the 
scope of PRM for patients with cardiovascular conditions 
can be found in Supplementary Digital Material 5 (Supple-
mentary Table III).

Final recommendations for PRM 
professional practice in Europe

Overall general recommendation

1. It is recommended that rehabilitation programs for 
patients with cardiovascular conditions involve PRM 
physicians. Their role is, according to their expertise, to 

beneficial effects on initiation and maintenance of exer-
cise and confidence.44 Patient-centeredness involving the 
concepts of collaboration between the patient and health 
professionals, joint efforts in goal-setting, identifying and 
respecting the preferences of the patient, and “shared deci-
sion making” with active role of the patient on care has 
been found associated with better outcomes including 
symptom reduction, decreased rehospitalization rates and 
improvement in HRQoL.45

Exercise adherence,46 patient centeredness to be mea-
surable with appropriate tools not yet existing,47 and tran-
sitional care48 are other issues to be considered adequately 
in the rehabilitation of patients with heart failure.

Peripheral artery disease/intermittent claudication

Individuals with lower extremity peripheral artery disease 
are now considered as a target population for cardiac re-
habilitation which forms the first-line intervention with 
the goal of improving functioning, particularly mobility 
(walking) as well as reducing the risk of cardiac events 
through lifestyle modifications.49 An Australian guideline 
presents exercise training with supervision and appropriate 
monitoring as the most effective intervention for improv-
ing exercise tolerance as well as daily physical activity and 
HRQoL, and reducing the risk of cardiovascular disease. 
Tailored exercise prescription and progression appropriate 
for the specific individual may include walking, cycling, 
or arm-crank ergometer, 3 sessions/week for 40 minutes at 
a moderate intensity till the threshold of severe claudica-
tion pain. Dynamic resistance exercises can be added two 
sessions/week at least. Safety measures are very important 
due to commonality of comorbidities including hyperten-
sion, diabetes mellitus, and peripheral neuropathy and also 
for high cardiovascular risk in these patients.50

Venous insufficiency and venous ulcers

Individuals with venous insufficiency and/or venous ul-
cers may benefit from compression garments and physical 
activity/exercise at a moderate level (e.g. walking).51

Coronary artery bypass graft surgery (CABGS)

Cardiac rehabilitation after CABGS involves the same 
principles as for CHD.10

Heart valve surgery

Cardiac rehabilitation following heart valve surgery may 
offer benefits to the individual and health-care cost reduc-
tion.52
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diabetes mellitus or nutritional deficits or any other unfa-
vorable life habits such as smoking or a sedentary lifestyle 
[SoE: IV;6, 7, 28-30 SoR: A].

Recommendations on PRM physicians’ role in PRM 
assessment according to ICF

6. It is recommended that PRM physicians focus on the 
diagnosis of impairments in body functions, activity limi-
tations, and participation restrictions of patients with car-
diovascular conditions, which is of primary importance 
for cardiac rehabilitation goal setting [SoE: IV;6, 7, 28-30 
SoR: A].

7. It is recommended that PRM physicians carefully 
consider the assessment of ICF category titles in the envi-
ronmental factor component such as products and technol-
ogy, family, personal care providers, health professionals, 
other professionals, support and relationships, attitudes of 
care providers, health and related professionals as well as 
services, systems and policies category titles in relation to 
supported self-management, use of information technol-
ogy for health promotion/lifestyle changes, well-being of 
family caregivers, improved coordination among health 
professionals to enhance motivation, exercise adherence 
and quality of cardiac rehabilitation programs, and bet-
ter organization of PRM projects of cardiac rehabilitation 
[SoE: IV;6, 7, 28, 29 SoR: B].

8. It is recommended that PRM physicians use the ICF 
for the assessment of functioning properties of the patient 
with a cardiovascular condition to target PRM interven-
tions [SoE: IV;5-7, 28 SoR: B].

9. It is recommended that PRM physicians use the com-
prehensive and/or brief ICF Core Sets for cardiopulmo-
nary conditions for acute and post-acute care as well as 
ICF Core Sets for chronic ischemic heart disease that are 
available for this purpose (www.icf-research-branch.org/
download/category/12-cardiovascularandrespiratorycon-
ditions) [SoE: IV; SoR: A].

Recommendations on PRM management and process

Inclusion criteria (e.g. when and why to prescribe PRM in-
terventions)

10. It is recommended that PRM physicians prescribe 
exercise-based cardiac rehabilitation within the multipro-
fessional team as early as possible following the diagnosis 
or accomplishment of a procedure (e.g. surgery) for a car-
diovascular condition with absolute consideration of the 
individual’s specific health status and his/her preference 
[SoE: IV; SoR: A].

lead exercise-based cardiac rehabilitation programs in 
collaboration with cardiologists and/or with other medi-
cal specialists trained in cardiac rehabilitation (e.g. sports 
medicine physicians or others) and with a competent team 
in in-patient, out-patient settings, home, and in the com-
munity to reduce impairments in function, activity limita-
tions, and participation restrictions associated with these 
conditions. It is recommended that PRM physicians make 
every effort to promote participation in and adherence to 
exercise-based cardiac rehabilitation. It is recommended 
that PRM physicians follow available guidelines and evi-
dence-based interventions when performing cardiac reha-
bilitation [SoE: IV;7, 13, 28-31 SoR: A].

Recommendations on PRM physicians’ role in Medical 
Diagnosis according to ICD

2. It is recommended that PRM physicians make a thor-
ough consideration of the assessments and diagnoses made 
by the cardiologists and/or other medical specialists relevant 
to the individual with cardiovascular conditions which rep-
resent an absolute indication for exercise-based cardiac re-
habilitation (i.e. coronary heart disease, coronary artery by-
pass graft surgery, heart valve surgery, chronic stable heart 
failure) and also those with high likelihood of benefiting 
from exercise (i.e. hypertension, atrial fibrillation, cardiac 
rhythm device users, heart transplantation, peripheral artery 
disease/intermittent claudication [SoE: IV;30 SoR: A].

Recommendations on PRM physicians’ role in PRM 
diagnosis according to ICF

3. It is recommended that PRM physicians perform a 
complete bio-psycho-social evaluation of the patients with 
cardiovascular conditions considering the diagnosis/iden-
tification of emotional functions and social functions such 
as psychological conditions (i.e. stress, anxiety, depres-
sion, type-D personality, social isolation) that are associat-
ed both with reworsening of the health condition and also 
with poor adherence to the rehabilitation program [SoE: 
IV; SoR: A].

4. It is recommended that PRM physicians examine el-
derly patients with chronic cardiac conditions with regard 
to the diagnosis of muscle weakness, sarcopenia, frailty or 
other comorbidities in order to target appropriate interven-
tions [SoE: IV;6, 7, 28-30 SoR: A].

5. It is recommended that PRM physicians pay particu-
lar attention to lifestyles of cardiovascular patients with 
regard to healthy living in order to identify/diagnose un-
favorable conditions such as obesity, metabolic syndrome, 
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PRM interventions

15. It is recommended that PRM physicians prescribe 
exercise training, tailored to the individual and compatible 
with the diagnosis and in cooperation with cardiologists 
and/or other relevant physicians, in the context of cardiac 
rehabilitation programs after a thorough review of the pa-
tient’s medical condition with recognition of the risks (by 
risk stratification) and paying utmost attention to safety is-
sues [SoE: IV; SoR: A].

16. It is recommended that PRM physicians refer to 
guidelines/consensus documents/position papers for con-
ducting cardiac rehabilitation programs including exercise 
training prescription for coronary heart disease patients 
(Supplementary Digital Material 3, Supplementary Table 
I) [SoE: IV; SoR: A].

17. It is recommended that PRM physicians provide 
guideline-based exercise prescription for individuals with 
hypertension (with or without diabetes mellitus and other 
risk factors) (Supplementary Digital Material 6, Supple-
mentary Table IV) [SoE: IV; SoR: A].

18. It is recommended that PRM physicians use in gen-
eral Heart Failure Association and the European Asso-
ciation for Cardiovascular Prevention and Rehabilitation 
guideline41 or certainly other local guidelines pertinent to 
their countries, if available (Supplementary Digital Mate-
rial 4, Supplementary Table II), for exercise prescription 
[SoE: IV; SoR: A].

19. It is recommended that PRM physicians consider 
suitable exercise prescription in cooperation with relevant 
physicians for other cardiovascular conditions/patients 
such as atrial fibrillation, coronary artery bypass surgery, 
heart valve surgery, heart transplantation, peripheral artery 
disease/intermittent claudication, venous insufficiency, 
and individuals with pacemakers or cardioverter defibril-
lators [SoE: IV; SoR: A].

20. It is recommended that PRM physicians motivate 
cardiovascular patients for starting, maintaining, and ad-
hering to exercise at different settings [SoE: IV; SoR: A].

21. It is recommended that PRM physicians consider 
tele-cardiac rehabilitation [SoE: IV; SoR: B].

22. It is recommended that PRM physicians get in-
volved in self-management education to favorably modify 
coronary heart disease risk factors and to improve self-
efficacy [SoE: IV; SoR: A].

23. It is recommended that a PRM program of care in-
volve psychological/psychosocial interventions supported 
by clinical psychologists and/or social workers to improve 
psychological conditions and/or social support [SoE: IV; 
SoR: B].

11. Cardiac rehabilitation is prescribed to patients with 
cardiovascular conditions to improve body functions im-
pairments (particularly those relevant to cardiovascular 
system and mainly exercise capacity), to modify cardio-
vascular risk factors favorably for secondary prevention, 
to reduce activity limitations and participation restrictions, 
to improve HRQoL, and to reduce cardiovascular mor-
bidity and mortality as well as to reduce health-care costs 
[SoE: IV; SoR: A].

Project definition (definition of the overall aims and strategy 
of PRM interventions)

12. It is recommended that PRM treatment or programs 
are offered in acute hospitals (intensive care units), in 
post-acute settings, in centers specialized in cardiac reha-
bilitation, at home or in the community or with the use of 
information and communication technologies in the form 
of telemedicine or telerehabilitation interventions with 
the aim of improving body functions and reducing activ-
ity limitations, and participation restrictions [SoE: IV;20 
SoR: B].

13. It is recommended that PRM treatment or programs 
are designed absolutely tailored to the specific patient con-
sidering his/her medical condition, risk stratification, and 
needs [SoE: IV; SoR: A].

Team work (professionals involved and specific modalities of 
team work)

14. It is recommended that cardiac rehabilitation is 
performed by a multiprofessional expert team working in 
interdisciplinary way. The team can be composed of phy-
sicians (expert PRM physicians by virtue of their compe-
tence, cardiologists, sports medicine physicians and others, 
e.g. internal medicine physicians, occupational physicians 
with expertise and training in cardiac rehabilitation and 
psychiatrists for psychological problems), other rehabili-
tation professionals (physiotherapists, exercise physiolo-
gists, occupational therapists, rehabilitation nurses, social 
workers, vocational counselors, horticultural therapists, 
and others), other health professionals including clinical 
psychologists, dieticians, human movement scientists, 
health informaticians) social care providers or community-
based workers, and also family members/caregivers. PRM 
physician can make a unique contribution in the teamwork 
as a leader or joint leader with cardiologists, and/or as a 
coordinator, advisor, evaluator, or consultant depending on 
the functioning properties of the patient or setting [SoE: 
IV;31 SoR: A].
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Recommendations on future research on PRM 
professional practice

29. It is recommended that PRM physicians are in-
volved in research on integrative rehabilitation sciences 
research associated with rehabilitation services, rehabilita-
tion administration and management59 in order to provide 
suitable cardiac rehabilitation services in hospitals, reha-
bilitation centers or at home or community settings to meet 
the needs of cardiovascular patients [SoE: IV; SoR: A].

30. It is recommended that PRM physicians are also 
involved in research to identify effectiveness of the indi-
vidual components of cardiac rehabilitation (i.e. lifestyle 
modifications, self-management, exercise, psychological 
interventions) [SoE: IV; SoR: B].

Results of the Consensus procedure during the Delphi 
process for producing the recommendations and overall 
view of recommendations are presented in Supplementary 
Digital Material 7 (Supplementary Table V and Supple-
mentary Table VI).

Conclusions

Rehabilitation in cardiovascular conditions not only im-
proves functioning, but also has significant effects on mor-
tality as well as reduction in costs. The professional role of 
PRM physicians having expertise in the rehabilitation of 
cardiovascular conditions is to lead cardiac rehabilitation 
programs within the context of multiprofessional teams, 
working in collaboration with other disciplines in a variety 
of settings to reduce impairments in function, activity limi-
tations, and participation restrictions associated with these 
conditions. PRM physicians are expected to make every 
effort to promote participation in and adherence to cardi-
ac rehabilitation programs. It is recommended that PRM 
physicians follow available guidelines and evidence-based 
interventions when performing cardiac rehabilitation with 
careful attention to patient safety issues.
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SUPPLEMENTARY DIGITAL MATERIAL 1 

 

Systematic Literature Search 

For the systematic review of the literature, the main inclusion criterion was the relevance of the article 

with the PRM profession according to the judgment of two authors (A.O. & P.Te). The literature search 

for the identification of studies relevant to ‘persons with cardiovascular conditions’ was conducted 

using the search terms/strings in the databases including Pubmed/MEDLINE and the Cochrane library. 

The search was run between the dates January 31st, 2016 and January 31st, 2017. Language was 

restricted to English and some other European languages covered by the searched databases. Cochrane 

reviews (CRs), systematic reviews (SRs) and/or meta-analyses (MAs), randomized controlled trials 

(RCTs), and guidelines were our priority in the systematic literature search. Search in the cited 

references for articles relevant to the topic in the retrieved articles was also made. General 

statements/reports/position papers on the subject by major relevant international bodies (the UEMS 

PRM Section and others) were also considered. 

 

Search strings 

PUBMED/MEDLINE:  

Pubmed: (“Cardio*” OR “cardiac” OR “vascular”) AND rehabilit* ( ( Guideline[ptyp] OR Meta-

Analysis[ptyp] OR Randomized Controlled Trial[ptyp] OR systematic[sb] ) ) (String 1) and PubMed 

Clinical Queries/Systematic reviews: Cardiovascular rehabilitation AND (coronary heart disease OR 

heart failure OR hypertension OR Peripheral artery disease OR Venous insufficiency OR atrial 

fibrillation OR Heart valve surgery OR Heart transplantation OR Implantable cardioverter defibrillators) 

(String 2)  



Cochrane Library: 

http://onlinelibrary.wiley.com/cochranelibrary/search/mesh?searchRow.searchCriteria.meshTerm=Hear

t+Diseases&searchMesh=Lookup&searchRow.ordinal=0&hiddenFields.strategySortBy=last-modified-

date%3Bdesc&hiddenFields.showStrategies=false&hiddenFields.containerId= &hidden 

Fields.etag=&hiddenFields.originalContainerId=  (String 1), 

http://onlinelibrary.wiley.com/cochranelibrary/search/mesh?searchRow.searchCriteria.meshTerm=Hyp

ertension&searchMesh=Lookup&searchRow.ordinal=0&hiddenFields.strategySortBy=last-modified-

date%3Bdesc&hiddenFields.showStrategies=false&hiddenFields.containerId=&hidden 

Fields.etag=&hiddenFields.originalContainerId= (String 2) 

http://onlinelibrary.wiley.com/cochranelibrary/search/mesh?searchRow.searchOptions.conceptId=D00

1157&searchRow.searchCriteria.meshTerm=Arterial%20Occlusive%20Diseases&meshTreeSelect=tru

e&searchRow.ordinal=0&hiddenFields.strategySortBy=last-modified-

date;desc&hiddenFields.showStrategies=(String 3) and 

http://onlinelibrary.wiley.com/cochranelibrary/search/mesh?searchRow.searchOptions.conceptId=D01

4689&searchRow.searchCriteria.meshTerm=Venous%20Insufficiency&meshTreeSelect=true&search

Row.ordinal=0&hiddenFields.strategySortBy=last-modified-date;desc&hiddenFields.show Strategies= 

(String 4) 

Due to the tremendous number of CRs or SRs/MAs corresponding to the importance and very wide 

scope of the topic addressed in this EBPP, review selection for presenting evidence of effectiveness of 

PRM interventions for secondary prevention was as follows: For each specific subject a most recent 

CR and additionally a most recent SR/MA was selected considering the nature of CRs being updated 

regularly with the addition of published appropriate articles since the last search date of the 

initial/previous CR and other SRs comprising of generally the same/similar articles depending on the 

methodology of the SR which vary. However, CRs or SRs providing evidence on different outcomes of 

http://onlinelibrary.wiley.com/cochranelibrary/search/mesh?searchRow.searchCriteria.meshTerm=Heart+Diseases&searchMesh=Lookup&searchRow.ordinal=0&hiddenFields.strategySortBy=last-modified-date%3Bdesc&hiddenFields.showStrategies=false&hiddenFields.containerId=%20&hidden%20Fields.etag=&hiddenFields.originalContainerId
http://onlinelibrary.wiley.com/cochranelibrary/search/mesh?searchRow.searchCriteria.meshTerm=Heart+Diseases&searchMesh=Lookup&searchRow.ordinal=0&hiddenFields.strategySortBy=last-modified-date%3Bdesc&hiddenFields.showStrategies=false&hiddenFields.containerId=%20&hidden%20Fields.etag=&hiddenFields.originalContainerId
http://onlinelibrary.wiley.com/cochranelibrary/search/mesh?searchRow.searchCriteria.meshTerm=Heart+Diseases&searchMesh=Lookup&searchRow.ordinal=0&hiddenFields.strategySortBy=last-modified-date%3Bdesc&hiddenFields.showStrategies=false&hiddenFields.containerId=%20&hidden%20Fields.etag=&hiddenFields.originalContainerId
http://onlinelibrary.wiley.com/cochranelibrary/search/mesh?searchRow.searchCriteria.meshTerm=Heart+Diseases&searchMesh=Lookup&searchRow.ordinal=0&hiddenFields.strategySortBy=last-modified-date%3Bdesc&hiddenFields.showStrategies=false&hiddenFields.containerId=%20&hidden%20Fields.etag=&hiddenFields.originalContainerId
http://onlinelibrary.wiley.com/cochranelibrary/search/mesh?searchRow.searchCriteria.meshTerm=Hypertension&searchMesh=Lookup&searchRow.ordinal=0&hiddenFields.strategySortBy=last-modified-date%3Bdesc&hiddenFields.showStrategies=false&hiddenFields.containerId=&hidden%20Fields.etag=&hiddenFields.originalContainerId
http://onlinelibrary.wiley.com/cochranelibrary/search/mesh?searchRow.searchCriteria.meshTerm=Hypertension&searchMesh=Lookup&searchRow.ordinal=0&hiddenFields.strategySortBy=last-modified-date%3Bdesc&hiddenFields.showStrategies=false&hiddenFields.containerId=&hidden%20Fields.etag=&hiddenFields.originalContainerId
http://onlinelibrary.wiley.com/cochranelibrary/search/mesh?searchRow.searchCriteria.meshTerm=Hypertension&searchMesh=Lookup&searchRow.ordinal=0&hiddenFields.strategySortBy=last-modified-date%3Bdesc&hiddenFields.showStrategies=false&hiddenFields.containerId=&hidden%20Fields.etag=&hiddenFields.originalContainerId
http://onlinelibrary.wiley.com/cochranelibrary/search/mesh?searchRow.searchCriteria.meshTerm=Hypertension&searchMesh=Lookup&searchRow.ordinal=0&hiddenFields.strategySortBy=last-modified-date%3Bdesc&hiddenFields.showStrategies=false&hiddenFields.containerId=&hidden%20Fields.etag=&hiddenFields.originalContainerId
http://onlinelibrary.wiley.com/cochranelibrary/search/mesh?searchRow.searchOptions.conceptId=D001157&searchRow.searchCriteria.meshTerm=Arterial%20Occlusive%20Diseases&meshTreeSelect=true&searchRow.ordinal=0&hiddenFields.strategySortBy=last-modified-date;desc&hiddenFields.showStrategies
http://onlinelibrary.wiley.com/cochranelibrary/search/mesh?searchRow.searchOptions.conceptId=D001157&searchRow.searchCriteria.meshTerm=Arterial%20Occlusive%20Diseases&meshTreeSelect=true&searchRow.ordinal=0&hiddenFields.strategySortBy=last-modified-date;desc&hiddenFields.showStrategies
http://onlinelibrary.wiley.com/cochranelibrary/search/mesh?searchRow.searchOptions.conceptId=D001157&searchRow.searchCriteria.meshTerm=Arterial%20Occlusive%20Diseases&meshTreeSelect=true&searchRow.ordinal=0&hiddenFields.strategySortBy=last-modified-date;desc&hiddenFields.showStrategies
http://onlinelibrary.wiley.com/cochranelibrary/search/mesh?searchRow.searchOptions.conceptId=D001157&searchRow.searchCriteria.meshTerm=Arterial%20Occlusive%20Diseases&meshTreeSelect=true&searchRow.ordinal=0&hiddenFields.strategySortBy=last-modified-date;desc&hiddenFields.showStrategies
http://onlinelibrary.wiley.com/cochranelibrary/search/mesh?searchRow.searchOptions.conceptId=D014689&searchRow.searchCriteria.meshTerm=Venous%20Insufficiency&meshTreeSelect=true&searchRow.ordinal=0&hiddenFields.strategySortBy=last-modified-date;desc&hiddenFields.show%20Strategies
http://onlinelibrary.wiley.com/cochranelibrary/search/mesh?searchRow.searchOptions.conceptId=D014689&searchRow.searchCriteria.meshTerm=Venous%20Insufficiency&meshTreeSelect=true&searchRow.ordinal=0&hiddenFields.strategySortBy=last-modified-date;desc&hiddenFields.show%20Strategies
http://onlinelibrary.wiley.com/cochranelibrary/search/mesh?searchRow.searchOptions.conceptId=D014689&searchRow.searchCriteria.meshTerm=Venous%20Insufficiency&meshTreeSelect=true&searchRow.ordinal=0&hiddenFields.strategySortBy=last-modified-date;desc&hiddenFields.show%20Strategies


the same subject were also included in the SR part. Evidence from RCTs was included if a CR or SR 

was lacking on a specific subject, if a good quality RCT was not included among evaluated studies in 

CRs or SRs already cited in this EBPP, or if a subsequent RCT (published after the last search date for 

CRs or SRs) provided a differing evidence rather than adding to the previous evidence. 
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Supplementary Table I.—Cardiac rehabilitation exercise recommendations based on guidelines for people with 
coronary heart disease. 
 
Guidelines/

FITT 

EACPR, 20141 AACVPR, 20132 ACRA, 20143 JCS, 20124 

Exercise 

type 

Aerobic endurance (AET) 
+ Dynamic resistance 
training (DRT) 

AET + DRT + Flexibility 
training (FT) 

AET+DRT AET 

Frequency 3 sessions/week (6–7 
better) for AET; 2 
sessions/ week for DRT 

3–5 sessions /week for AET; 2–
3 sessions/ week for DRT and 
FT (not consecutively) 

1-2sessions/week 
for AET; not 
specified for DRT 

1–3 sessions/ 
week 

Intensity 50–80% VO2max; 50–
80% HR peak;40–60% 
HRR;10–14 of RPE 

40–80% VO2peak or HRmax (as 
determined by max. exercise 
test); 11–16 of RPE for AET; 
To moderate fatigue (11–13 of 
RPE); From 50% 1RM and 
increasing to 60–70% 1RM for 
DRT; To a mild discomfort 
level for FT 

Low- to moderate 
intensity for AET; 
as appropriate for 
DRT 

40–60% 
VO2peak; 
40–60% HRR; 
12–13 of RPE 

Time/ 

Duration 
≥ 20–30 min/session for 
AET; 10–15repititions/ 
set for DRT for 2–16 
weeks 

20–60 min./session for AET; 1–
3 sets of 10–15 repetitions of 8–
10 varying exercises for DRT; 
3–5 repetitions/exercise of 30–
90 sec.  for FT with the duration 
≤36 sessions 

30–60 min/session 
for 3–12 weeks 

15–60 
min/session for 
5 months 

AACPR: American Association of Cardiovascular and Pulmonary Rehabilitation; ACRA: Australian Cardiovascular Health and 
Rehabilitation Association; Aerobic endurance training (AET) may include walking, jogging, treadmill, cycling, bicycle ergometer, 
stair climbing, stepping, swimming, dancing, rowing, elliptical trainer; CACR: Canadian Association of Cardiac Rehabilitation; 
Dynamic resistance training (DRT) may include circuit training with light weights and pulley exercises for upper extremities, 
machine weights, calisthenics; EACPR: European Association of Cardiovascular Prevention and Rehabilitation; FITT: Frequency, 
Intensity, Time, Type; Flexibility training (FT) may include static stretches, gymnastics exercises; HR: Heart rate; HRR: heart rate 
reserve; JCS: Japanese Circulation Society; RM: Repetition maximum; RPE: Rating of perceived exertion (Borg scale); Please see 
the ref. n. 11 (Price et al., 2016) in the main text, a paper  comparing these guidelines in detail. 
 

References 
1. Piepoli MF, Corrà U, Adamopoulos S, Benzer W, Bjarnason-Wehrens B, Cupples M. Secondary prevention 

in the clinical management of patients with cardiovascular diseases. Core components, standards and 
outcome measures for referral and delivery: a policy statement from the cardiac rehabilitation section of the 
European Association for Cardiovascular Prevention & Rehabilitation. Endorsed by the Committee for 
Practice Guidelines of the European Society of Cardiology. Eur J Prev Cardiol 2014; 21:664-81. 

2. American Association of Cardiovascular and Pulmonary Rehabilitation. Guidelines for Cardiac 
Rehabilitation and Secondary Prevention Programs, 5th ed. Champaign, IL: Human Kinetics, 2013. 

3. Woodruffe S, Neubeck L, Clark RA, Gray K, Ferry C, Finan J, et al. Australian Cardiovascular Health and 
Rehabilitation Association (ACRA) core components of cardiovascular disease secondary prevention and 
cardiac rehabilitation 2014. Heart Lung Circ 2015; 24: 430–41. 

4. JCS Joint Working Group. Guidelines for rehabilitation in patients with cardiovascular disease (JCS 2012). 
Circ J 2014; 78:2022-93. 
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Supplementary Table II-—Some country specific guidelines for cardiac rehabilitation. 
 
Country Guideline Author, year 

Austria Austrian model of outpatient cardiac rehabilitation Niebauer et al.,20131 
Belgium Position paper of the Belgian Working Group on Cardiovascular 

Prevention and Rehabilitation: cardiovascular rehabilitation 
Dendale et al., 20082 

France French Society of Cardiology guidelines for cardiac rehabilitation in adults Pavy et al., 20123 
Germany Cardiac rehabilitation in Germany 

Recommendations for resistance exercise in cardiac rehabilitation. 
Recommendations of the German Federation for Cardiovascular 
Prevention and Rehabilitation 

Karoff et al., 20074 
Bjarnason-Wehrens 

et al., 20045 

Ireland Cardiac Rehabilitation Guidelines 2013. Dublin: Irish Association of 
Cardiac Rehabilitation 

McCreery et al., 
20136 

The 
Netherlands 

Exercise-based cardiac rehabilitation in patients with coronary heart 
disease: a practice guideline 

Achttien et al., 20137 

UK The BACPR Standards and Core Components for Cardiovascular 
Disease Prevention and Rehabilitation 2012 

BACPR, 20128 

BACPR: British Association for Cardiovascular Prevention and Rehabilitation 
 

References 
1. Niebauer J, Mayr K, Tschentscher M, Pokan R, Benzer W. Outpatient cardiac rehabilitation: the Austrian 

model. Eur J Prev Cardiol 2013; 20:468-79.  
2. Dendale P, Dereppe H, De Sutter J, Laruelle C, Vaes J, Lamotte M, et al.; Working Group on 

Cardiovascular Prevention and Rehabilitation of the Belgian Society of Cardiology. Position paper of the 
Belgian Working Group on Cardiovascular Prevention and Rehabilitation: cardiovascular rehabilitation. 
Acta Cardiol 2008; 63:673-81. 

3. Pavy B, Iliou MC, Vergès-Patois B, Brion R, Monpère C, Carré F, et al.; Exercise, Rehabilitation Sport 
Group (GERS); French Society of Cardiology. French Society of Cardiology guidelines for cardiac 
rehabilitation in adults. Arch Cardiovasc Dis 2012; 105:309-28.  

4. Karoff M, Held K, Bjarnason-Wehrens B. Cardiac rehabilitation in Germany. Eur J Cardiovasc Prev Rehabil 
2007; 14:18-27.  

5. Bjarnason-Wehrens B, Mayer-Berger W, Meister ER, Baum K, Hambrecht R, Gielen S; German Federation 
for Cardiovascular Prevention and Rehabilitation.. Recommendations for resistance exercise in cardiac 
rehabilitation. Recommendations of the German Federation for Cardiovascular Prevention and 
Rehabilitation. Eur J Cardiovasc Prev Rehabil 2004; 11:352-61.  

6. McCreery C, Cradock K, Fallon N, Duffy R, Doherty VO, Kingston C. Cardiac Rehabilitation Guidelines 
2013. Dublin: Irish Association of Cardiac Rehabilitation. [Internet] Available from: 
http://www.iacr.info/about/guidelines/ [cited 2017 Jan 28] 

7. Achttien RJ, Staal JB, van der Voort S, Kemps HM, Koers H, Jongert MW, et al.; Practice 
Recommendations Development Group.. Exercise-based cardiac rehabilitation in patients with coronary 
heart disease: a practice guideline. Neth Heart J 2013; 21:429-38.  

8. British Association for Cardiovascular Prevention and Rehabilitation. The BACPR Standards and Core 
Components for Cardiovascular Disease Prevention and Rehabilitation 2012. 2nd ed. London: British 
Cardiovascular Society. [Internet] Available from: http://www.bacpr. com/resources/46C_ 
BACPR_Standards_and_Core_Components_2012.pdf [cited 2017 Jan 28] 
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Supplementary Table III.—Summary of the evidence for the effectiveness of PRM approaches/interventions in people with 
cardiovascular conditions. 
 
Health condition PRM approach Evidence of effectiveness Source Author(s), 

year 

LoE/SoE 

CHD Exercise-based 
cardiac rehab 

Reduction in cardiovascular mortality and hospitalization risk as well 
as improvements in HRQoL. 

CR Anderson et al., 
20161 

I/Low-mod. 

CHD, heart failure, 
or 
revascularization 

Home-based vs. 
centre-based 
cardiac rehab 

Similar favorable outcomes regarding mortality, cardiac events, 
exercise capacity, modifiable risk factors such as total cholesterol, 
LDL, smoking status, SBP, and HRQoL outcomes with home- and 
centre-based cardiac rehab following low risk MI, heart failure, or 
revascularization in a period of follow-up of up to a year. Small 
differences between the two (with similar care costs) regarding HDL, 
triglycerides, and DBP in favor of centre-based cardiac rehab.  

CR Taylor et al., 
20152 

I/--- 

CHD Home-based 
exercise/long 
term effects 

Significant difference (albeit small) in exercise capacity favoring 
home-based rehab when compared with centre-based rehab (by a 
SMD of 0.25) in the long-term (over a year). 

SR/MA Claes et al., 
20163 

I/Limited 

CHD, heart failure Exercise-based 
cardiac rehab 

Higher exercise capacity (VO2max by 3.3 ml/kg.min) following 
exercise, higher intensity exercise accounting for the largest 
improvements in VO2max. 

MA Uddin et al., 
20164 

I/--- 

CHD, CABGS Sexual 
counselling 

Conflicting evidence of efficacy, two reporting favorable effects and 
one reporting no difference when compared with controls based on 3 
trials. 

CR Byrne et al., 
20165 

I/Very low 

CHD High intensity 
interval vs. 
moderate 
intensity 

continuous 
training 

Ability of high intensity interval training to improve exercise capacity 
(VO2max) significantly better (+1.78 mL/kg/min) than that of 
moderate intensity continuous training; the latter with better efficacy 
on decreasing resting heart rate (-1.8/min) and body weight (-0.48 
kg). No significant differences between the two types regarding blood 
triglyceride, glucose, and HDL levels.  

SR Liou et al., 
20166 

I/Limited 

CHD Interval training 
vs. continuous 

exercise 

Significantly more beneficial effects on VO2max (by a WMD of 1.53 
ml/kg/min) when compared with continuous exc. as well as on 
anaerobic threshold without any effect on SBP. No studies with very 
long-term follow-ups to assess mortality and/or morbidity. 

MA Elliott et al., 
20157 

I/--- 

CHD/Heart 
failure/COPD 

Eccentric 
exercise 

Similar effects in increasing mobility (walking) and muscle strength 
with lesser consumption of O2 and greater power when compared 
with concentric exercise 

SR Ellis et al., 
20158 

I/Limited 



CHD Resistance 
training 

Significantly more favourable effects in improving VO2max (by a 
WMD of 0.92 mL/kg/ min in the middle-aged; 0.70 mL/kg/ min in 
the old) and strength of muscles (by a SMD of 0.73 in middle-aged, 
1.18 in the old for upper ext.; 0.65 in the middle-aged, 0,63 in the old 
for lower ext.) and also mobility (by a SMD of 0.61) compared with 
controls.  

MA Yamamoto et 

al., 20169 
I/--- 

CHD Resistance 
training 

 Significant Improvements in VO2max (by a WMD of 0.61), max. 
work capacity (by a SMD of 0.38), and strength of muscles (by a 
SMD of 0.65) when combined with aerobic training in comparison to 
the latter alone. No difference in effectivenes as a single treatment 
when compared with aerobic training. Combined treatments of 
shorter duration with more beneficial effects on exercise capacity and 
strength; those with long duration with effects on only strength. 

SR/MA Xanthos et al., 
201710 

I/Moderate 

CHD Aerobic+ 
resistance 
training 

Aaerobic + resistance training with more beneficial effects in terms of 
body (by a WMD of 2.3%) and trunk fat (by a SMD of 0.56) 
decrease, fat free mass increase (by a WMD of 0.9kg), lower (SMD: 
0.77) and upper body strength (SMD: 1.07) increase, and work 
capacity improvement and also with a trend of increase in VO2 (by a 
WMD of 0.41ml/ kg/min) compared with aerobic training alone 
without any reported serious adverse events 

MA Marzolini et 

al., 201211 
I/--- 

CHD Tele-cardiac 
rehab 

Significant increase on physical activity level when compared with 
usual care and centre-based CR; also more effective on adherence to 
exercise, LDL and DBP compared with centre-based rehab. Similar 
effects of both on exercise capacity and other CHD risk factors.  

SR/MA Rawstorn et al., 
201612 

I/--- 

CHD Patient 
education 

Potential favourable effects on HRQoL and costs of healthcare; weak 
evidence on reducing mortality (all-cause), cardiac morbidity, and 
admissions to hospital. 

SR/MA Brown et al., 
201313 

I/Weak-
limited 

CHD Internet-based 
interventions 

Potential (inconclusive) favourable effects on physical activity, 
nutrition, and HRQoL; no apparent evidence on CHD risk factors, 
cardiac events, or cost-efficacy (with promotion of a healthy life style 
and physical activity).  

CR Devi etal., 
201514 

I/Weak-
limited 

CVD/Type D 
personality 

Cardiac rehab Significant improvements in depression and anxiety, physical 
functioning, and HRQoL as preliminary evidence. 

SR Cao et al., 
201615 

I/Weak 

CHD Psychological 
interventions 

Potential effectiveness on treatment of psychological conditions: 
depression (by a SMD of -0.21-small/moderate), anxiety (by a SMD 
of -0.25); moderate favourable effect on cardiac mortality (RR:0.80).  

CR Whalley et al., 
201116 

I/Weak 

CHD/depression Psychological 
interventions 

Clinically significant (albeit small) favourable effects on depression 
(by SMDs ranging from -0.81 to 0.12) when compared with usual 
care. No favourable effects on cardiac events, hospital admissions, 

CR Baumeister et 

al., 201117 
I/Limited 



HRQoL (apart from psychosocial dimension, and mortality based on 
one study for each outcome; no differences between different 
psychological interventions regarding outcomes. 

CHD/depression Psychosocial 
interventions 

Significant modest reduction in symptoms of depression (by a SMD 
of 0.15) and improvement in social support (by a SMD of 0.17); 
without any difference regarding anxiety, HRQoL, MI, 
revascularisation, or mortality. 

SR/MA Ski et al., 
201618 

I/Weak 

CHD/anxiety Music therapy A small but consistent favorable effect on psychological distress with 
listening to music; a moderate but inconsistent efficacy on anxiety 
more apparent in those with MI and in those who selected music 
themselves; reduction in heart (by a MD of -3.40) and respiratory (by 
a MD of -2.50) rate, and SBP (by a MD of -5.52 mmHg); potential 
pain-reducing (with ≥ 2 sessions) and sleep quality improving effects. 

CR Bradt et al., 
201319 

I/Weak 

Hypertension Aerobic 
exercise 

Significant effects on SBP (by a WMD of -4.06mmHg) and DBP (by 
a WMD of /-2.77 mmHg) (24h), more prominent in those with BP 
≥130/85 mmHg.  

MA Sosner et al., 
201620 

I/Fair 

Hypertension Walking Favorable effects with walking at moderate-high intensity (intensity 
is important) 

SR Lee et al., 2010 
21 

I/Poor 

Hypertension 
(various chronic 
dis.) 

Nordic walking Favorable effects on exercise capacity, VO2max, BP, resting heart 
rate, and HRQoL; superior to walking. 

SR Tschentscher et 

al., 201322 
I/--- 

Hypertension Resistance 
exercise 

Decrease in SBP by -3.03 mmHg and in DBP by -2.10 mmHg  MA MacDonald et 

al., 201623 
I/Fair to 

mod. 
Hypertension Isometric 

exercise 
Reductions (as MD) SBP -5.20 mmHg, DBP -3.91 mmHg, MAP  
-3.33 mmHg. More reduction in MAP in males (-4.13 mmHg) than in 
females, in persons ≥ 45 years (-5.51 mmHg), in those with ≥8 weeks 
of isometric exercise (-4.22 mmHg), in hypertensives (-5.91 mmHg). 
Effects on other CHD risk factors unexplored. 

SR/MA Inder et al., 
201624 

I/Good to 
moderate 

Hypertension High-intensity 
interval vs. 
moderate-
intensity 

continuous 
training 

Significant beneficial effects on vascular function (by a MD of 
2.26%) (as measured by brachial artery flow-mediated dilation) when 
compared with moderate-intensity continuous training. Potential 
favorable effects also on CHD risk factors, aerobic capacity, 
inflammation, oxidative stress, and insulin sensitivity. 

SR/MA Ramos et al., 
201525 

I/Limited 

 Yoga Very low-quality evidence for effects of yoga on SBP (-9.65 mmHg) 
and DBP (-7.22 mmHg) compared with usual care, with more 
prominent effects in hypertensives; Exercise is superior; More 
adverse events with yoga  

SR/MA Cramer et al., 
201426 

I/Limited 



 Tai chi Reductions in SBP ranging from -22.0 mmHg to -11.5 mmHg in 6 
RCTs. No difference in 2 RCTs; an increase in SBP (5.2 mmHg) in 1 
RCT; Limited/inconclusive evidence. 

CR Hartley et al., 
201427 

I/Limited 

 Qigong Significant reductions in SBP (-17.40mm) and DBP (-10.15 mmHg) 
when compared with controls; Exercise is superior; Non-significant 
reduction in SBP when compared with antihypertensives. More 
reduction with Qigong + antihypertensives in SBP (-11.99 mmHg) 
and DBP (-5.28 mmHg). 

SR Xiong et al., 
201528 

I/Weak 

 Baduanjin Significant reductions in SBP (-13.00 mmHg) - DBP (-6.13 mmHg). 
No significant difference between antihypertensives. More reduction 
with Baduanjin + antihypertensives in SBP (-7.49 mmHg) - DBP  
(-3.55 mmHg).  

SR/MA Xiong et al., 
201529 

I/Weak 

Hypertension/diabe
tics 

Exercise A change in SBP of 2.42 mmHg, DBP of 2.23 mmHg, HDL of 0.04 
mmol/L, and LDL of 0.16 mmol/L.  

MA Hayashino et 

al., 201230 
I/--- 

Hypertension Relaxation 
therapies 

Significant (albeit small) reductions in SBP (by a MD of -5.5 mmHg) 
and DBP (by a MD of -3.5 mmHg) when compared with controls. 
Not a significant SBP reducing effect in single-blinded (by a MD of -
3.2 mmHg) or sham-controlled (by a MD of -3.5 mmHg) trials; 
conflicting evidence  

CR Dickinson et 

al., 200831 
I/Weak 

Heart failure Exercise-based 
cardiac rehab 

A tendency towards reduced mortality in exercise-based cardiac 
rehab studies with a follow-up exceeding a year (long-term). Reduced 
overall and disease specific hospitalization rates. Improvements in 
HRQoL. Potential cost-effectiveness of exercise-based cardiac rehab 
in relation to quality-adjusted life years and saved life-years, 
however, with additional costs for exercise training. 

CR Taylor et al., 
201432 

I/--- 

Heart failure Home- vs. 
centre-based 
cardiac rehab 

Improvement in VO2max (by a MD of 1.6 ml/kg/min) and HRQoL 
(MLHFQ) (by a MD of -3.3) with home-based cardiac rehab when 
compared with usual care. Similar outcomes with home-based and 
centre-based rehab regarding hospitalisation, mortality, or costs.  

SR/MA Zwisler et al., 
201633 

I/--- 

Heart 
failure/normal 
ejection fraction 

Exercise Significant increase in VO2max (by a MD of 2.08 mL/kg/min - 17% 
from baseline), heart rate max. (by a MD of 3.46 bpm), 6MWT (by a 
MD of 32.1 m) and HRQoL (by an MD of 11.38 in SF-36) when 
compared with controls.  

SR/MA Chan et 

al.,201634 
I/--- 

Heart failure Exercise + 
inspiratory 

muscle training 

Improvements in maximal inspiratory pressure (by a WMD of 20.89 
cm H2O) and HRQoL without any significant difference in VO2max 
when compared to exercise alone. 

SR/MA Neto et al., 
201635 

I/Fair 

Heart failure Comparison-
exercise 

A significant improvement in HRQoL with continuous endurance 
+strength training. Significant improvement in left ventricular end-

SR/MA Cornelis et al., 
201636 

I/--- 



modalities diastolic diameter and left ventricular ejection fraction in favor of 
Interval training when compared with continuous training. 
Favourable effects of any kind of exercise training on cardiac 
function, HRQoL, and prognosis. 

Heart failure Aquatic 
exercise 

Similar beneficial effects when compared with land-based exercise in 
terms of muscle strength, exercise capacity (VO2peak), and HRQoL  

SR/MA Adsett et al., 
2015 37 

I/Fair-good 

Heart failure Hydrotherapy Improvements in exercise capacity when compared with sedentary 
controls  

SR Neto et al., 
2015 38 

I/ 

Heart failure Exercise/high-
vigorous vs. 

moderate 
intensity 

Significant improvements in total and physical scores of MLHFQ (by 
a MD of –8.24, and –2.89, respectively) at moderate to high/vigorous 
intensity. Significant reductions in MLWHF total score at high- (by a 
MD of –13.74) and vigorous-intensity (by a MD of –8.56), but not at 
moderate-intensity exercise. Significant improvements of –3.87 after 
aerobic and –9.82 after combination of aerobic and resistance 
exercise in total MLWHF score, but not after resistance exercise only. 
The higher the intensity, the greater the improvement. 

SR/MA Ostman et al., 
201639 

I/--- 

Heart 
failure/elderly 

Exercise Significant improvements in 6MWT (by 50.05 m) and generic 
HRQoL with no difference in VO2max, disease-specific HRQoL, 
hospital admission, or mortality when compared with controls.  

SR/MA Chen et al., 
201340 

I/--- 

Heart failure Resistance 
training 

Significant improvement in VO2max (by a MD of 1.43 ml/kg/min), 
HRQoL (by a MD of −8.31), 6MWT (by a MD of 13.49 m) with the 
combined and with resistance exc. alone VO2max (by a MD of 3.99 
ml/kg/min) and 6MWT (by a MD of 41.77 m) compared with 
controls, with unchanged outcomes in terms of left ventricular 
ejection fraction, resting BP, hospitalization, or mortality for both. 

SR/MA Jewiss et al., 
201641 

I/--- 

Heart failure Comparison: 
exercise vs. 

drug 

Improvements with exercise in exercise capacity (VO2max) (by a 
WMD of 2.283 ml/min/kg), 6MWT (by 30.275m), and MLHFQ 
(HRQoL) total score (by 8.974) when compared with usual care, but 
not with medications (VO2max by a WMD of –0.393 ml/min/kg), 
6MWT (by _9.463m), or MLHFQ (1.042) when compared with no 
medications/placebo.  

MA Fukuta et al., 
201642 

I/--- 

Heart failure Exercise/ 
autonomic 
function 

Favourable effects on cardiac autonomic function with improvements 
in heart rate recovery at 2 min. following moderate intensity aerobic 
exercise and also on heart rate variability. 

SR Hsu et al., 
201543 

I/Fair to 
good 

Heart failure Self-
management 

Favorable effects on time to and hospitalization alone related to 
disease, disease specific HRQoL(by a SMD of 0.15), hospital days in 
the elderly, and mortality of all causes. No effect on survival in those 
without depression; reduction in survival in those with depression and 
requires caution. 

MA Jonkman et al., 
201644 

I/--- 



Heart failure Tai Chi Significant improvements in HRQoL (by a WMD of –14.54), but not 
on SBP DBP, or VO2max. 

MA Pan et al., 
201345 

I/Insufficien
t 

Heart failure NMES Improvement in VO2max (by a SMD of 4.86 ml/kg/min),6MWT (by 
a SMD of 63.54 m), strength of muscles (by a SMD of 30.74 N), 
endothelial function (by a SMD of 2.67%), symptoms of depression 
(by a SMD of − 3.86) and HRQoL when compared with those 
without exercise; No significant differences in VO2max, 6MWT, or 
HRQoL when compared to those with exercise. 

SR/MA Gomes Neto et 

al., 201646 
I/--- 

Heart failure (also 
chronic respiratory 
disease and some 
other chronic 
diseases) 

NMES Significant quadriceps muscle strength improving effect (by a SMD 
of 0.53; 1.1 kg)(based on low evidence) and muscle mass increase; 
improvements in 6MWT (by a MD of 35 m) when compared with the 
controls (based on very low to low evidence) without any serious 
adverse events, but with some muscle soreness (based on moderate 
evidence. 

CR Jones et 

al.,201647 
I/Very low-

low-
moderate 

Heart failure Acupuncture Varying, inconsistent, conflicting results in studies: improvement in 
left ventricular ejection fraction by 9.95%; improvement in heart rate 
variability, exercise capacity, HRQoL; reduction in stay in intensive 
care and rehospitalisation risk; inconclusive evidence. 

SR Lee et al., 
201648 

I/Limited 

Heart failure/on 
ECMO 

Physiotherapy Early mobilization and ambulation safe and leading to autonomy at 
an acceptable level as preliminary evidence 

SR Polastri et al., 
201649 

I/Limited 

Atrial fibrillation Exercise Improvement in exercise capacity, ADL abilities and HRQoL with 
moderate-intensity physical activity; high-intensity physical activity 
may be risky  

SR Giacomantonio 

et al., 201350 
I/Limited 

Atrial fibrillation Exercise  Significant improvements in exercise capacity, strength of muscles, 
heart rate control, ADL, and/or HRQoL based on conflicting 
evidence. 

SR Reed et al., 
201351 

I/Conflicting 

Pacemakers Exercise More favorable effects on exercise capacity and HRQoL added to 
those of the pacemaker. 

RCT Patwala et al., 
200952 

II/--- 

Cardioverter 
defibrillators 

Exercise-based 
cardiac rehab 

Improvement in aerobic capacity safely, without increasing the risk of 
shocks; insufficient data of effects on HRQoL, or anxiety/depression. 

SR Isaksen et al., 
201253 

I/Weak 

CABG surgery Exercise-based 
cardiac rehab 

Reduction in mortality SR/MA Rauch et al., 
201654 

I/Limited 

Heart valve surgery Exercise-based 
cardiac rehab 

Potential exercise capacity improving effects (by a SMD of -0.47) 
when compared with no exercise based on moderate quality evidence 
based on two trials. Insufficient evidence on the effects on serious 
adverse events, mortality, or return-to-work; Lack of evidence on 
HRQoL, hemodynamic parameters, or cost. 

CR Sibilitz et al., 
201655 

I/Insufficien
t to 

moderate 

Cardiac Preoperative Significant reductions in the risk of pulmonary complications CR Hulzebos et al., I/Limited 



surgery/preop physical therapy (atelectasis, pneumonia) and duration of hospitalization after surgery 
with preoperative incentive spirometry, breathing and/or coughing 
exercises; respiratory muscle and/or; cardiorespiratory exercise 
training); no effects on pneumothorax, duration of mechanical 
ventilation, or mortality (all-cause); Possible beneficial effects on 
6MWT or HRQoL. 

201256 

Heart 
transplantation 

Exercise Significant improvements in VO2max (by a MD of 2.34 ml/kg/min) 
and muscle strength (as measured by chest pres 1RM (by a SMD of 
23.3 kg). 

MA Hsieh et al., 
201157 

I/--- 

Heart 
transplantation 

Exercise Significant improvement in VO2max (by a SMD of 0.77); no 
difference as to BP, lipids, or blood glucose control compared with 
usual care. 

SR/MA Didsbury et al., 
201358 

I/Limited 

Peripheral artery 
disease/intermittent 
claudication 

Exercise/home- 
vs. hospital-

based 

Home-based exercise inferior to centre-based exercise regarding 
walking distance (max. and pain free), superior regarding walking 
capacity in daily life based on low quality of evidence. Similar 
HRQoL between the two.  

SR Bäck et al., 
201559 

I/Low 

Venous 
insufficiency 

Exercise Some evidence of symptom reducing efficacy, increases in half 
venous refilling time (by a MD of 4.20 sec) and total venous refilling 
time (by a MD of 9.40 sec.), however, insufficient evidence based on 
very low quality of evidence due to the high risk of bias of the 
studies.  

CR Araujo et al., 
201660 

I/Weak 

Venous ulcers Compression 
treatments 

Unclear evidence on self-management programmes or education on 
healing or adherence 

CR Weller et al., 
201661 

I/Low 

---: strength of evidence not indicated or not clear in the review; CHD: Coronary heart disease; CABGS: Coronary artery bypass surgery; COPD: Chronic 
obstructive pulmonary disease; CR: Cochrane review; DBP: Diastolic blood pressure; ECMO: Extracorporeal membrane oxygenation; HRQoL: Health-
related quality of life MA: Meta-analysis; MD: Mean difference; MLHFQ: Minnesota Living with Heart Failure Questionnaire;6MWT: Six-Minute Walk 
Test; mod.: moderate; NMES: neuromuscular electrical stimulation; SBP: Systolic blood pressure; SMD: Standardized mean difference; SR: Systematic 
review; SGRQ: St. George’s Respiratory Questionnaire; WMD: Weighted mean difference 
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Supplementary Table IV.—Exercise recommendations based on guidelines for people with hypertension. 
 
Guidelines/ 

FITT  

ESH/ESC, 20131 AHA, 20132 CHEP, 20143 JNC 8, 20144 

Exercise type Aerobic exercise + 
Dynamic resistance 
training 

Aerobic exercise + 
Dynamic resistance 
training 

Aerobic exercise 
+Dynamic, Isometric, 
or Handgrip 
resistance training 

Aerobic exercise 

Frequency 5-7 days/week Most days/week 4-7 days/week 3-4 sessions/ w 
for ≥12 weeks 

Intensity Moderate Moderate to high, 
>40%-60% of 
maximum 

Moderate Moderate to 
Vigorous 

Time/Duration ≥30 min/day; Dynamic 
RT 2-3 days/week 

150 minutes/ week 
+Dynamic RT 

30-60 min/d + 
Dynamic, Isometric, 
or Handgrip RT 

40 min/session 

Outcome/ 
reductions 

2-3 mmHg; 5-7 mmHg 
in hypertensives 

--------------- ------------- 1-5 mmHg 

AHA: American Heart Association; CHEP: Canadian Hypertension Education Program; ESC: European Society 
of Cardiology; ESH: European Society of Hypertension; FITT: Frequency, Intensity, Time, Type; JNC 8: Eighth 
Joint National Committee; Aerobic exercise training protocols including walking, jogging, calisthenics, bicycle 
ergometer, treadmill, stair climbing, swimming….; Dynamic resistance training protocols including weights, 
resistance training machines, dynabands; Isometric exercise training protocols including 4 sets of 2-min 
handgrip, leg contractions sustained at 20–50 % of maximal  voluntary contraction  with a rest period of 1–4 min 
between each set. Please also see ref. n. 36 (Pescatello et al., 2015)   in the main text, a paper which compares these 
guidelines in detail. 
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Supplementary Table V.—Results of the Consensus procedure. 
 
Round Number of 

recommendations 
Accept as 
it is 

Accept with 
suggestions 

Reject 

1 1st vote 29 93.4% 6.3% 0.3% 
2nd vote 29+1=30 93.6% 6.1% 0.3% 

2 30 99.4% 0.6% 0 
3 30 100% 0 0 
4 30 99.4% 0 0.6% 
5 30 100% 0 0 
 
 
Supplementary Table VI.—Overall view of the recommendations. 
 
Content Number of 

recommendations 
Strength of recommendations Strength of evidence 

Number A B C D I II III IV 
Overall recommendation 1 100% 0 0 0 0 0 0 100% 
PRM physicians’ role in 
Medical Diagnosis according to 
ICD 

1 100% 0 0 0 0 0 0 100% 

PRM physicians’ role in PRM 
diagnosis according to ICF 

3 90.91% 9.09% 0 0 0 0 0 100% 

PRM physicians’ role in PRM 
assessment according to ICF 

4 59.09% 40.91% 0 0 0 0 0 100% 

Recommendations on PRM 
management and process 

19 77.51% 22.01% 0.48% 0 0 0 0 100% 

Recommendations on future 
research on PRM professional 
practice 

2 54.55% 45.45% 0 0 0 0 0 100% 

TOTAL 30 76.37% 23.33% 0.30% 0 0 0 0 100% 
 
 




