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ABSTRACT
Background
Heart transplantation is considered to be the gold standard treatment for selected patients with end-stage heart disease when medical
therapy has been unable to halt progression of the underlying pathology. Evidence suggests that aerobic exercise training may be effective
in reversing the pathophysiological consequences associated with cardiac denervation and prevent immunosuppression-induced adverse
effects in heart transplant recipients.
Objectives
To determine the effectiveness and safety of exercise-based rehabilitation on the mortality, hospital admissions, adverse events, exercise
capacity, health-related quality of life, return to work and costs for people after heart transplantation.
Search methods
We searched the Cochrane Central Register of Controlled Trials (CENTRAL) in the Cochrane Library, MEDLINE (Ovid), Embase
(Ovid), CINAHL (EBSCO) and Web of Science Core Collection (Thomson Reuters) to June 2016. We also searched two clinical trials
registers and handsearched the reference lists of included studies.
Selection criteria
We included randomised controlled trials (RCTs) of parallel group, cross-over or cluster design, which compared exercise-based
interventions with (i) no exercise control (ii) a different dose of exercise training (e.g. low- versus high-intensity exercise training); or
(iii) an active intervention (i.e. education, psychological intervention). The study population comprised adults aged 18 years or over
who had received a heart transplant.
Data collection and analysis
Two review authors independently screened all identified references for inclusion based on pre-specified inclusion criteria. Disagreements
were resolved by consensus or by involving a third person. Two review authors extracted outcome data from the included trials and
assessed their risk of bias. One review author extracted study characteristics from included studies and a second author checked them
against the trial report for accuracy.
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Main results
We included 10 RCTs that involved a total of 300 participants whose mean age was 54.4 years. Women accounted for fewer than
25% of all study participants. Nine trials which randomised 284 participants to receive exercise-based rehabilitation (151 participants)
or no exercise (133 participants) were included in the main analysis. One cross-over RCT compared high-intensity interval training
with continued moderate-intensity training in 16 participants. We reported findings for all trials at their longest follow-up (median 12
weeks).
Exercise-based cardiac rehabilitation increased exercise capacity (VO2peak ) compared with no exercise control (MD 2.49 mL/kg/min,
95% CI 1.63 to 3.36; N = 284; studies = 9; moderate quality evidence). There was evidence from one trial that high-intensity interval
exercise training was more effective in improving exercise capacity than continuous moderate-intensity exercise (MD 2.30 mL/kg/min,
95% CI 0.59 to 4.01; N = 16; 1 study). Four studies reported health-related quality of life (HRQoL) measured using SF-36, Profile
of Quality of Life in the Chronically Ill (PLC) and the World Health Organization Quality Of Life (WHOQoL) - BREF. Due to
the variation in HRQoL outcomes and methods of reporting we were unable to meta-analyse results across studies, but there was no
evidence of a difference between exercise-based cardiac rehabilitation and control in 18 of 21 HRQoL domains reported, or between
high and moderate intensity exercise in any of the 10 HRQoL domains reported. One adverse event was reported by one study.
Exercise-based cardiac rehabilitation improves exercise capacity, but exercise was found to have no impact on health-related quality of
life in the short-term (median 12 weeks follow-up), in heart transplant recipients whose health is stable.
There was no evidence of statistical heterogeneity across trials for exercise capacity and no evidence of small study bias. The overall risk
of bias in included studies was judged as low or unclear; more than 50% of included studies were assessed at unclear risk of bias with
respect to allocation concealment, blinding of outcome assessors and declaration of conflicts of interest. Evidence quality was assessed
as moderate according to GRADE criteria.
Authors’ conclusions
We found moderate quality evidence suggesting that exercise-based cardiac rehabilitation improves exercise capacity, and that exercise
has no impact on health-related quality of life in the short-term (median 12 weeks follow-up), in heart transplant recipients. Cardiac
rehabilitation appears to be safe in this population, but long-term follow-up data are incomplete and further good quality and adequatelypowered trials are needed to demonstrate the longer-term benefits of exercise on safety and impact on both clinical and patient-related
outcomes, such as health-related quality of life, and healthcare costs.

PLAIN LANGUAGE SUMMARY
Exercise-based cardiac rehabilitation for patients following a heart transplantation
Review question
We wanted to find out if exercise training versus no exercise training following heart transplant effects numbers of deaths, hospital
admissions, harms, exercise capacity, health-related quality of life, return to work and costs.
Background
Heart transplantation is considered to be the best treatment for some people with heart disease whose medical therapy cannot stop
progression of their illness. Clinical practice guidelines recommend exercise training for people who receive heart transplants, despite
limited information on the long-term benefits or harms.
Search date
We searched up to June 2016.
Study characteristics
We searched for randomised controlled trials (experiments that randomly allocate participants to one of two or more treatment groups)
looking at the effectiveness of exercise-based rehabilitation programmes compared with no exercise, or a different type or intensity of
exercise, in people aged 18 years or over, who were heart transplant recipients.
Key results
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We included 10 trials that studied 300 people who were heart transplant recipients. Nine studies compared exercise with no exercise;
one study compared high-intensity interval training with continuous moderate-intensity exercise.
We found that exercise-based cardiac rehabilitation led to an increase in the exercise capacity of heart transplant recipients compared
to not undertaking exercise. There was evidence of better exercise capacity following high-intensity interval training compared to
continuous moderate-intensity exercise. Four studies reported health-related quality of life, but there was no evidence of differences
between exercise training and no exercise training in most (18/21) aspects reported, or between high- and moderate-intensity exercise.
One adverse event was reported in one study.
Risk of bias in the included studies was assessed as low or unclear; lack of reporting made assessment for more than half of included
studies challenging.
Study funding sources
Six (of 10) trials reported sources of funding. None reported funding from agencies with commercial interests in the results.
Quality of the evidence
Poor reporting or few participants in the analyses led to evidence quality being judged as moderate for both exercise capacity and healthrelated quality of life. Evidence suggested that exercise-based cardiac rehabilitation improves exercise capacity, and that exercise has no
impact on health-related quality of life in the short-term (median 12 weeks follow-up), in heart transplant recipients whose health is
stable. Further research is needed to establish long-term impacts of exercise-based rehabilitation on important aspects such as risk of
death and hospital admission.
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S U M M A R Y O F F I N D I N G S F O R T H E M A I N C O M P A R I S O N [Explanation]

Exercise versus no exercise for post- heart transplant recipients
Patient or population: Post-heart transplant recipients
Settings: Hom e and centre (hospital, cardiac rehabilitation clinic or physiotherapy departm ent)
Intervention: Exercise versus no exercise
Outcomes

No of Participants
(studies)

Quality of the evidence
(GRADE)

The m ean exercise capacity
in the intervention groups
was
2.49 higher (1.63 to 3.36
higher)

284
(9 studies)

⊕⊕⊕
moderate 1

Health- related quality of HRQoL in com parator > HRQoL in intervention >
life
HRQoL in intervention, in HRQoL in com parator, in 3/
Various HRQoL m easures 16/ 19 dom ains
19 dom ains
Follow-up:
m edian
12
m onths

120
(3 studies)

⊕⊕⊕
moderate 1

Exercise capacity
(VO2peak )
Follow-up:
m edian
m onths

Illustrative comparative risks* (95% CI)

9

Assumed risk

Corresponding risk

Control

Exercise versus no exercise

Relative effect
(95% CI)

* The basis f or the assumed risk (e.g. the m edian control group risk across studies) is provided in f ootnotes. The corresponding risk (and its 95% conf idence interval) is
based on the assum ed risk in the com parison group and the relative effect of the intervention (and its 95% CI).
CI: Conf idence interval; RR: Risk ratio;
GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our conf idence in the estim ate of ef f ect.
M oderate quality: Further research is likely to have an im portant im pact on our conf idence in the estim ate of ef f ect and m ay change the estim ate.
Low quality: Further research is very likely to have an im portant im pact on our conf idence in the estim ate of ef f ect and is likely to change the estim ate.
Very low quality: We are very uncertain about the estim ate.
4
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Random sequence generation, allocation concealm ent or blinding of outcom e assessors were poorly described in 50% or
m ore of included studies.

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

5

BACKGROUND

Description of the condition
Despite modern advances in medical treatment, heart transplantation is considered to be the gold standard treatment modality
for selected people with end-stage heart disease (Yancy 2013). In
general, people with advanced heart disease should be considered
for heart transplantation if optimal medical therapy and cardiac
resynchronisation therapy have not improved symptoms or halted
progression of the underlying pathology (Shah 2012; Yancy 2013).
The American College of Cardiology Foundation/American Heart
Association (ACCF/AHA) guidelines presents a description of optimal medical therapy (Yancy 2013). About 3800 heart transplants
are currently performed annually worldwide (ISHLT 2015). Most
heart transplants are performed in the US (2000 to 2300 annually), where in 2013, over 50% were performed in people with
cardiomyopathy, about a third in people with coronary heart disease, and fewer than 5% in people with congenital heart disease
(Colvin-Adams 2015).
Since the first heart transplantation over 45 years ago, there has
been significant progress in the field. Survival and quality of life
are now generally considered to be excellent, with many heart
transplant recipients now being able to return to work (Hollenberg
2004; Lund 2013). Since the 1970s, one-year post-transplantation
survival rates have improved from 30% to almost 90% (ColvinAdams 2015; Stehlik 2012), and three- and five-year survival rates
are now approximately 80% and 75%, respectively (Colvin-Adams
2015).
Although advances in transplant candidate selection, surgical techniques, immunosuppressive modalities, and postoperative care
have led to improved long-term outcomes after transplantation
(Butler 2004; Lietz 2007), long-term survival remains limited, and
exercise capacity and health-related quality of life (HRQoL) of
heart transplant recipients remain inferior to age-matched healthy
people. Pre-operatively, most heart transplant candidates have
chronic debilitating cardiac illness, with concomitant poor exercise
capacity and cardiac cachexia. Post-transplantation, exercise capacity remains diminished due to decreased chronotropic competence
associated with cardiac allograft denervation (Bengel 2001; Kao
1994; Kao 1995), diastolic dysfunction (Kao 1994; Kao 1995;
Paulus 1992), impaired peripheral vascular function (Haykowsky
2005; Jendzjowsky 2007), as well as changes in skeletal muscle
strength and biochemistry due to post-transplant deconditioning
or treatment with high-dose immunosuppressive therapy (Braith
2000; Lampert 1996). Maximum exercise capacity is markedly
improved after heart transplantation, with patients achieving their
maximal exercise capacity by one to two years’ post-transplantation (Kobashigawa 1999; Mandak 1995). However, exercise capacity remains impaired compared with healthy people, and decreases thereafter at a mean rate of approximately 5% per year
(Douard 1997; Mandak 1995). This compares with a rate of de-

cline of approximately 3% to 6% per decade in younger healthy
people (aged in their 20s and 30s) which is believed to accelerate
to more than 20% per decade in older people aged over 70 years
(Fleg 2005).
Recent US data shows that 36% of heart recipients are hospitalised during the first year post-transplantation, and 61% are hospitalised within four years (Colvin-Adams 2014; Colvin-Adams
2015). The most common reasons for hospitalisation are transplant complications and infections. Acute rejection, which used
to be one of the main causes of mortality in transplant recipients,
now has relatively low incidence due to modern drug therapies, although post-transplant acute rejection still occurs in 24% of heart
recipients in the first year post-transplantation and 45% of heart
recipients within five years. The most common causes of early
mortality during the first three months after transplant are infection, cardiovascular and cerebrovascular events, and graft failure
(Colvin-Adams 2015). In the long term, mortality is most often
the result of cardiovascular and cerebrovascular events, with coronary allograft vasculopathy are the main causes of death in heart
transplant recipients after five years (Taylor 2007; Tjang 2008).
New challenges to heart transplantation have recently arisen. In
the last decade, antibody-mediated rejection has been recognised
as a particularly challenging form of rejection in heart transplant
recipients, which is a major cause of allograft failure and is associated with a greater risk of coronary allograft vasculopathy and
death (Colvin 2015; Nair 2011). The demographics of heart transplant recipients are also changing, with a greater number of more
complicated, older recipients aged in their 60s and 70s, who tend
to have higher risks of infection, coronary allograft vasculopathy, and malignancy, which compromise their long-term survival
(Kobashigawa 2012). In the US, the proportion of candidates for
heart transplantation aged 65 years or older increased from 13%
in 2002 to 20% in 2012 (Colvin-Adams 2014). Advances in heart
surgery have also led to a greater proportion of younger people with
congenital heart disease who are surviving past childhood and later
develop heart failure. These people can have complex cardiopulmonary anatomy and most have undergone multiple median sternotomies, which increases the risk of postoperative bleeding and
mortality (Tonsho 2014). The candidacy for heart transplant has
also been altered in recent years by the increase in the management
of candidates with mechanical ventricular assist devices prior to
transplantation, with almost 40% of all adult heart transplant recipients now bridged to transplant with a durable device (Stehlik
2014).

Description of the intervention
Based on current evidence, national and international guidelines
on the management of coronary heart disease and heart failure,
consistently recommend cardiac rehabilitation as an effective and
safe intervention (McMurray 2012; NICE 2013; Yancy 2013).
Many definitions of cardiac rehabilitation have been proposed, but
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the following definition encompasses the key concepts of cardiac
rehabilitation: “The coordinated sum of activities required to influence favourably the underlying cause of cardiovascular disease,
as well as to provide the best possible physical, mental and social
conditions, so that the patients may, by their own efforts, preserve
or resume optimal functioning in their community and through
improved health behaviour, slow or reverse progression of disease”
(BACPR 2012).
Cardiac rehabilitation is a complex intervention that may involve
a variety of therapies, including exercise, risk factor management
and lifestyle education, behaviour change, psychological support,
and strategies that are aimed at targeting traditional risk factors for
cardiovascular disease, that is ‘comprehensive cardiac rehabilitation’ (Corra 2005). The patient groups routinely recommended for
cardiac rehabilitation include people with post-myocardial infarction, post-revascularisation and valvular procedure or both, heart
failure and heart surgery (i.e. bypass surgery or valvular surgery, or
both). Cardiac rehabilitation programmes have traditionally been
offered in a supervised, centre-based setting. However, many people do not receive rehabilitation (Bethell 2008), and with uptake
of cardiac rehabilitation for both coronary heart disease and heart
failure currently at sub optimal levels (Dalal 2012; NICE 2013;
Tierney 2011), home-based cardiac rehabilitation programmes are
increasingly being introduced to widen access and participation.

sistent improvement in exercise capacity was reported, indicating
that exercise training could counteract the negative side effects of
immunosuppressive treatment on skeletal muscles (Tegtbur 2005).
In a more recent randomised controlled trial (RCT), supervised exercise training was reported to improve peak oxygen uptake in clinically stable heart recipients. This improvement was thought to be
as a function of favourable skeletal muscle adaptations that result
in increased oxygen utilisation by the active muscles (Haykowsky
2009). Furthermore, results from several randomised trials suggest
that high-intensity interval training is safe in heart transplant recipients (Haykowsky 2009; Hermann 2011; Nytrøen 2012), and
leads to superior improvements in peak oxygen uptake compared
with moderate exercise (Dall 2014).
Large epidemiological studies have demonstrated the existence of
an inverse and independent association between exercise capacity
and mortality in apparently healthy participants (Kokkinos 2008),
older men (Kokkinos 2010b), and people with documented cardiovascular disease (Kokkinos 2008; Myers 2002). Indeed, a 1.0
metabolic equivalent (MET; 1 MET = 3.5 mL/kg/min) increase
in exercise capacity has been shown to translate into a 12% improvement in survival in people with existing cardiovascular disease (Kokkinos 2010a). However, uncertainty remains regarding
the precise role that exercise may play in reversing the abnormal
cardiovascular and skeletal muscle function that remains after heart
transplantation, and whether such an exercise-based intervention
has an effect on long-term survival of transplant recipients.

How the intervention might work
Recent Cochrane reviews of exercise-based cardiac rehabilitation
in coronary heart disease and heart failure populations have shown
cardiac rehabilitation to be a safe and effective intervention in
reducing the risk of hospital admissions and conferring important improvements in health-related quality of life in these patient
groups (Anderson 2016; Taylor 2014).
For decades, exercise restrictions were applied to heart transplant
recipients, as it was believed that the transplanted heart remained
denervated, with a higher resting heart rate and a reduced heart
rate response (chronotropic incompetence). However, there is now
ample evidence that both endurance and resistance training are
well tolerated in heart transplant recipients, and it is widely believed that re-innervation and autonomic nervous control can be
improved by physical training (Bernardi 2007), although it is
unclear whether time alone may result in the normalisation of
chronotropic responses, or if this occurs in combination with exercise and other factors or both (Nytrøen 2013c).
There is evidence from small, non-randomised studies that aerobic exercise training is an effective intervention to reverse the
pathophysiological consequences associated with cardiac denervation and preventing immunosuppression-induced adverse effects (Braith 2005; Braith 2008; Haykowsky 2005; Keteyian 1991;
Kobashigawa 1999a; Marconi 2003). In an assessment of the time
course of physical reconditioning and skeletal muscle adaptation
by exercise training in people five years’ post-transplantation, a per-

Why it is important to do this review
A 2010 position paper from the Cardiac Rehabilitation Section of
the European Association of Cardiovascular Prevention and Rehabilitation, in reference to post-cardiac transplantation, stated:
“Early training programme can be beneficial in the early postoperative period as well as in the long-term. Although exercise
training would theoretically delay or prevent CAD progression in
the transplanted heart, this still has to be studied” (Piepoli 2010).
Nonetheless, despite this apparent lack of evidence, clinical practice guidelines recommend exercise training as standard care for
heart transplant recipients. The 2010 guidelines from the International Society of Heart and Lung Transplantation for the care of
heart transplant recipients gave a Class 1 recommendation for the
routine use of cardiac rehabilitation with aerobic exercise training and resistance exercise after heart transplantation. This was
based on a level B rating of the evidence (that is RCT), although
“there is currently no information on potential long-term benefits”
(Costanzo 2010).
A recent systematic review and meta-analysis identified 9 RCTs of
exercise training in 250 participants, 1 month to 7 years following heart, lung, kidney, or liver transplantation (Didsbury 2013).
This review concluded that “exercise training is a promising but
unproven intervention for improving cardiovascular outcomes of
solid organ transplant recipients”. Studies of exercise in cardiac
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transplant recipients have generally been performed early after
transplantation using moderate exercise training (Bernardi 2007;
Karapolat 2008; Kobashigawa 1999a). While several of these studies have reported that aerobic exercise leads to improved exercise
capacity after heart transplantation, the results are not entirely
consistent, and little is known about the type, frequency, or intensity of exercise that provides the greatest health benefits for heart
transplant recipients. Moreover, little is known about the impact
of exercise-based cardiac rehabilitation on health-related quality
of life or long-term mortality and morbidity (Hsieh 2011).
Our scoping searches have identified additional RCTs that have
been published since the June 2012 search cutoff date for of the
systematic review by Didsbury 2013.

Types of interventions
Exercise-based interventions either alone or where exercise training was a component of comprehensive cardiac rehabilitation programme (defined as programmes including such components as
health education and psychological interventions in addition to
exercise interventions) were sought. For the purposes of this review, exercise included any structured or taught programmes provided in addition to usual medical care, with the aim of improving
functional ability and quality of life.
The comparator group could include standard medical care, such
as drug therapy, and participants may have received (i) no exercise
training; (ii) a different dose of exercise training (for example lowversus high-intensity exercise training); or (iii) an active intervention (that is, education or psychological intervention).
Types of outcome measures

OBJECTIVES
To determine the effectiveness and safety of exercise-based rehabilitation on the mortality, hospital admissions, adverse events,
exercise capacity, health-related quality of life, return to work and
costs for people after heart transplantation.

METHODS

Criteria for considering studies for this review

Types of studies
We included parallel-group, cross-over or cluster design randomised controlled trials (RCTs).

Types of participants
We included adults aged 18 years or older who had received a heart
transplant.
We planned that if studies were identified that met all of our inclusion criteria but included a mixed population of participants,
every effort was to be made to obtain outcome data for the subset
of relevant participants, by contacting the study authors. If this
approach was not viable, then data from the study was to be included in the meta-analysis if the subset of relevant participants
comprised 50% or more of the total included participants, and
sensitivity analyses were to be performed with and without data
from these studies.
If considerable heterogeneity of the severity of the health status
of participants was detected among the included studies, then
outcome data would be stratified accordingly.

Primary outcomes

• Cardiovascular mortality.
• Hospital admissions (all-cause and cardiovascular related).
• Reported adverse events (including those related to (i)
exercise and (ii) transplantation treatments or drugs).
Secondary outcomes

• All-cause mortality.
• Non-cardiovascular mortality (including chronic allograft
vasculopathy, acute rejection, malignancy and infection).
• Return to work (including return to either full- or part-time
employment, to the same or a reduced role, and to either the
previous job or any new employment).
• Exercise capacity assessed by validated outcome measure
(e.g. VO peak, 6-minute walk test).
• Health-related quality of life assessed using validated
instruments (e.g. 36-Item Short Form Health Survey (SF-36),
EQ-5D).
• Costs.
• Adherence to the exercise programme.
Reporting of outcomes was not an inclusion or exclusion criterion
for the review.

Search methods for identification of studies

Electronic searches
We searched the following databases on 27 June 2016:
• Cochrane Central Register of Controlled Trials
(CENTRAL) in the Cochrane Library: Issue 5, June 2016;
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• Database of Abstracts of Reviews of Effects (DARE) in the
Cochrane Library: Issue 2, June 2015;
• Health Technology Assessment (HTA) in the Cochrane
Library: Issue 2, June 2016;
• MEDLINE Epub Ahead of Print, In-Process & Other
Non-Indexed Citations, MEDLINE daily and MEDLINE
(Ovid): 1946 to 27 June 2016;
• Embase Classic and Embase (Ovid): 1947 to Week 26
2016;
• CINAHL Plus (EBSCO): 1937 to 27 June 2016; and
• Web of Science Core Collection (Thomson Reuters): 1970
to 27 June 2016.
We designed the search strategies with reference to those used for
a previous, related systematic review of exercise-based cardiac rehabilitation (Heran 2011). We searched databases using a strategy
combining selected MeSH terms and free-text terms relating to
exercise-based rehabilitation and heart transplantation, with filters
applied to limit to randomised controlled trials (RCTs). We used
the Cochrane sensitivity-maximising RCT filter for MEDLINE,
and applied terms recommended in the Cochrane Handbook for
Systematic Reviews of Interventions for Embase (Lefebvre 2011). We
applied adaptations of this filter to CINAHL and Web of Science.
We translated the MEDLINE search strategy for use with the other
databases using the appropriate controlled vocabulary as applicable. We applied no date limits. We imposed no language or other
limitations and gave consideration to variations in terms used and
spellings of terms in different countries so that the search strategy
did not miss studies because of such variations. See Appendix 1
for details of the search strategies.

Searching other resources
We handsearched reference lists of retrieved articles and systematic
reviews for any studies not identified by the electronic searches.
We also searched clinical trial registers on 29 June 2016: World
Health Organization International Clinical Trials Registry Platform (WHO ICTRP; http://www.who.int/ictrp/en) and ClinicalTrials.gov (https://clinicaltrials.gov) for ongoing clinical trials
and sought expert advice.

Data collection and analysis
Selection of studies
Two review authors (TN and LA) independently screened titles
and abstracts of all records identified as a result of the search for
inclusion and coded them as ’retrieve’ (eligible or potentially eligible/unclear) or ’do not retrieve’. In case of disagreement, a third
review author was asked to arbitrate (RST). We retrieved the fulltext study reports/publication, and two review authors (TN and
LA) independently screened the full text and identified studies for
inclusion, and identified and recorded reasons for exclusion of the
ineligible studies. Any disagreements were resolved through discussion or, if required, by consulting a third person (RST). We
identified and excluded duplicates and collated multiple reports of
the same study so that each study rather than each report was the
unit of interest in the review. We recorded the selection process in
sufficient detail to complete a PRISMA flow diagram (Figure 1)
and Characteristics of excluded studies table.
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Figure 1. Summary of selection process

Data extraction and management
We used a data collection form that had been piloted on one
study in the review to extract study characteristics and outcome
data. One review author (TN) extracted study characteristics from
included studies, and a second review author (LA) checked against
the trial report for accuracy. We extracted the following study
characteristics.
1. Methods: study design, total duration of study, details of
any ’run in’ period, number of study centres and location, study
setting, withdrawals, and date of study.
2. Participants: N, mean age, age range, gender, time since
transplant, inclusion criteria, and exclusion criteria.
3. Interventions: intervention (including mode of exercise,
duration, frequency, and intensity), description of usual care, and
length of follow-up
Two review authors (TN and LA) independently extracted outcome data from included studies. Any disagreements were resolved
by discussion or by involving a third review author (RST). One
review author (TN) transferred data into the Review Manager file

(RevMan 2014). We double-checked that data were entered correctly by comparing the data presented in the systematic review
with the study reports. A second review author (LA) spot-checked
study characteristics for accuracy against the trial report. If we
found multiple reports of the same study, we assessed the duplicate publications for additional data. We contacted study authors
where necessary to provide additional information.

Assessment of risk of bias in included studies
Two review authors (TN and LA) independently assessed risk of
bias for each study using the criteria outlined in the Cochrane
Handbook for Systematic Reviews of Interventions (Higgins 2011).
We assessed the risk of bias according to the following domains.
1. Random sequence generation.
2. Allocation concealment.
3. Blinding of outcome assessment.
4. Incomplete outcome data.
5. Selective outcome reporting.
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6. Other (specifically sources of funding and notable conflicts
of interest of trial authors).
We also assessed two further quality criteria: whether the study
groups were balanced at baseline, and if the study groups received
comparable care (apart from the exercise component of the intervention). These criteria, agreed upon in advance by the review
authors, have not been validated but were used to assess quality
in previous cardiac rehabilitation reviews (Anderson 2016; Brown
2011; Sibilitz 2016; Taylor 2014; Taylor 2015). We assessed these
two further quality criteria as follows.

Unit of analysis issues
We identified one cross-over trial that met our inclusion criteria (Dall 2014). In accordance with Section 16.4 of the Cochrane
Handbook for Systematic Reviews of Intervention (Higgins 2011),
we included data from both periods of this cross-over trial because
each of the following conditions defined in our protocol were met:
(i) the five month washout period was considered long enough
to prevent carry-over (generally considered to be > 1 month following an exercise intervention); (ii) no irreversible events such
as mortality occurred; and (iii) an appropriate statistical approach
had been used by the authors (the pkcross command in STATA).

Groups balanced at baseline

• Low risk of bias: The characteristics of the participants in
the intervention and control groups at baseline were reported to
be comparable or could be judged to be comparable (e.g.
baseline data reported in Table 1) in terms of likely main
prognostic factors.
• Unclear risk of bias: Whether characteristics of the
participants in the intervention and control groups are balanced
at baseline is not reported, and reported information was
inadequate to assess this aspect (e.g. no table describing baseline
characteristics).
• High risk of bias: There is evidence of substantive imbalance
in the baseline characteristics of the intervention and control
groups with regard to likely major prognostic factors.

Groups received comparable treatment (except exercise)

• Low risk of bias: All co-interventions were delivered equally
across intervention and control groups.
• Unclear risk of bias: Information to assess whether cointerventions were delivered equally across groups was
insufficient.
• High risk of bias: The co-interventions were not delivered
equally across intervention and control groups.
We graded each potential source of bias as high, low, or unclear and
provided a quote from the study report together with a justification
for our judgement in the ’Risk of bias’ table. We summarised
the ’Risk of bias’ judgements across different studies for each of
the domains listed. Where information on risk of bias related to
unpublished data or correspondence with a trialist, this was noted
in the ’Risk of bias’ table.
When considering treatment effects, we took into account the risk
of bias for the studies that contributed to that outcome.

Dealing with missing data
Kugler 2008 was identified as a conference abstract, so the authors
were contacted and study data were requested. The authors replied
that the full paper was not published and that they were not able
to provide any further data. This study was therefore excluded.
The author of Pierce 2008 was contacted to request mean and
SD values for exercise capacity. While an initial positive reply was
received, no data were received. This study was therefore excluded.
The study by Kobashigawa 1999 reported mean exercise capacity
values, but did not report standard deviation (SD) values. The
author was contacted and SD values were requested, but the author
was unable to provide the requested data. A median SD calculated
from all of the other included studies, was imputed into the metaanalysis for this study and we explored the impact of including
Kobashigawa 1999 on the overall assessment of results in sensitivity
analyses (Analysis 1.2; Analysis 1.4).
Assessment of heterogeneity
We explored heterogeneity amongst included studies qualitatively
(by comparing the characteristics of included studies) and quantitatively (using the Chi² test of heterogeneity and I² statistic). We
used a threshold of I² greater than 50% for both dichotomous and
continuous outcomes to determine the statistical model to be used
for meta-analysis.
Assessment of reporting biases
Where more than 10 trials could be pooled, we created and examined a funnel plot to explore possible small-study biases for the
primary outcomes.
Data synthesis

Assessment of bias in conducting the systematic
review
We conducted the review according to the published protocol and
reported any deviations in the Differences between protocol and
review section of the systematic review.

Because only continuous data were extracted, data were expressed
as mean difference with 95% confidence intervals. We entered
data presented as a scale with a consistent direction of effect.
Where appropriate, and in the absence of substantial statistical
heterogeneity (P < 0.10, ≤ I² 50%) associated with an effect estimate, we pooled data from each study using a fixed-effect model.
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We used the funnel plot and the Egger test to examine smallstudy bias (Egger 1997). We processed data in accordance with
the Cochrane Handbook for Systematic Reviews of Interventions (
Higgins 2011). We completed data synthesis and analyses using
Review Manager 5.3 software and Stata version 13.0 (RevMan
2014; StataCorp 2013).

Summary of findings table
Two independent review authors (LA, RST) employed the Grading of Recommendations Assessment, Development and Evaluation (GRADE) approach to interpret result findings and used
GRADEpro GDT 2015 to import data from Review Manager to
create a ’Summary of findings table’. We aimed to create a ’Summary of findings’ table using the following outcomes: all-cause
mortality, cardiovascular mortality, non-cardiovascular mortality
(including chronic allograft vasculopathy, acute rejection, malignancy, and infection), hospital admissions, adverse events, exercise
capacity, and return to work. However, due to lack of data, we were
only able to include exercise capacity and health-related quality
of life in the GRADE assessment. We used the five GRADE considerations (study limitations, consistency of effect, imprecision,
indirectness, and publication bias) to assess the quality of a body
of evidence as it relates to the studies that contribute data to the
meta-analyses for the prespecified outcomes. We used methods
and recommendations described in Section 8.5 and Chapter 12
of the Cochrane Handbook for Systematic Reviews of Interventions
using GRADEpro software (Higgins 2011). We justified all decisions to down- or up-grade the quality of studies using footnotes,
and made comments to aid readers’ understanding of the review
where necessary.

Subgroup analysis and investigation of heterogeneity
We anticipated length of follow-up to be a driver of intervention
effect, and therefore sought to stratify meta-analysis of each outcome according to the length of trial duration, that is, short-term
follow-up (6 to 12 months), medium-term follow-up (13 to 36
months), and long-term follow-up (more than 36 months). We
also aimed to undertake univariate meta-regression to explore heterogeneity and examine potential treatment effect modifiers. We
sought to test eight a priori hypotheses that there may be differences in the effect of exercise-based cardiac rehabilitation on total
mortality, cardiovascular mortality, and hospitalisations and exercise capacity across particular subgroups:
1. type of cardiac rehabilitation (exercise-only cardiac
rehabilitation versus comprehensive cardiac rehabilitation);
2. dose of exercise intervention (dose = number of weeks of
exercise training x average number of sessions/week x average
duration of session in minutes) (dose ≥ 1000 units versus dose <
1000 units);
3. follow-up period;

4. year of publication;
5. sample size;
6. setting (home- or centre-based cardiac rehabilitation);
7. study location (continent).
Given the anticipated small ratio of trials to covariates, meta-regression would be limited to univariate analysis (Higgins 2011).
However, given the small number of included studies, neither
meta-regression nor stratified meta-analysis were possible.
We aimed to extract results of subgroup analyses, including participant-level subgroup analyses, if reported by individual included
studies, for example if a trial reported whether there was a difference in the effectiveness of cardiac rehabilitation between males
and females.

Reaching conclusions
We based our conclusions only on findings from the quantitative or
narrative synthesis of included studies for this review. We avoided
making recommendations for practice, and our implications for
research suggest priorities for future research and outline what the
remaining uncertainties are in the area.

Sensitivity analysis
A sensitivity analysis was conducted to assess the robustness of
the findings of the meta-analysis to the inclusion of two studies considered to be at high risk of bias. One study reported exercise capacity as VO2P eak without the standard deviation (SD)
(Kobashigawa 1999). The author was contacted, but was unable
to provide the required SD values, and therefore a median SD calculated from the other studies, was imputed into the meta-analysis
for this study. In a second study, four participants “chose” to move
from the intervention group to the comparator group following
randomisation, leading to a high risk of selection bias (Wu 2008).
Results of sensitivity analyses are reported in Analysis 1.2; Analysis
1.3; Analysis 1.4.

RESULTS
Description of studies

Results of the search
We identified 1593 records through our electronic database search
and two records from searching the clinical trials registries. After de-duplication, 1212 abstracts were screened for inclusion, of
which 1170 were excluded. The full-text of 42 publications were
retrieved, after which 10 studies (25 publications) were identified
as meeting our inclusion criteria. We excluded 10 publications (see
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Characteristics of excluded studies); three studies (four publications) were identified as ongoing (Nytrøen 2016; NCT01760538;
NCT02602834); and three studies await classification (Braith
2008; Emmanuel 2015; Tegtbur 2005). No additional publications were identified from reviewing the reference lists of included
publications or from forward citation searching. Details of the
selection process and reasons for exclusion are summarised in a
PRISMA flow diagram (Figure 1) and in the Characteristics of
excluded studies table.

Included studies
Of the 10 included studies, eight compared an exercise-only intervention study with a no exercise comparator, while one compared an exercise plus education programme with a no-exercise
comparator (Hermann 2011) and one compared high-intensity
interval training with continued moderate-intensity training (Dall
2014). Details of included studies are listed in the Characteristics
of included studies tables.
Five studies were undertaken in Europe (Bernardi 2007; Dall
2014; Hermann 2011; Nytrøen 2012; Tegtbur 2005), two in the
USA (Braith 2008; Kobashigawa 1999a) and one each in Canada
(Haykowsky 2009), Brazil (Pascoalino 2015) and Taiwan (Wu
2008). All studies were relatively small in sample size (median: N
= 30.5, range: 16 to 52); the median length of follow up was 12
(range 8 to 52) weeks. Included study participants were generally
described as clinically stable and were excluded from the study if
they had signs or symptoms of cardiorespiratory disease (Bernardi
2007), tissue rejection (Bernardi 2007; Dall 2014; Hermann 2011;
Pascoalino 2015), severe coronary allograft vasculopathy (Dall
2014; Hermann 2011), or the need for revascularisation or other
intervention (Nytrøen 2012). The median age of study participants was 54.4 years (range 45 years to 60.6 years). When reported, all studies recruited mostly males (median: 78.4%, range:
69% to 92.7%). Ethnicity was very poorly reported; in the only
study that reported participants’ ethnicity, most (77.8%) were described as white (Kobashigawa 1999). Participants in the exercise
programmes were a median of 12 (range 0.5 to 61) months posttransplant. Six studies reported sources of study funding; four did
not report funding. None of the studies reported receiving funding from an agency with commercial interest in the results.
The exercise programmes were mostly delivered in centre-based
settings, two studies included a combination of home- and centrebased exercise sessions (Nytrøen 2012; Pascoalino 2015). Three
studies were directed in home-based settings (Bernardi 2007;
Tegtbur 2003; Wu 2008). In all the included studies, the mode
of exercise training used in the programmes was aerobic and were
most commonly in the form of static walking, running or cycling.
Two studies also reported the inclusion of resistance training in the
intervention (Haykowsky 2009; Kobashigawa 1999). The dose of
the exercise given varied considerably across the different trials, in
overall duration (range 8 to 52 weeks), frequency (1 to 5 days/

week), session length (28 to 50 minutes/session) and intensity (reported using different measurements: 85% to 95% of maximal
heart rate; 60% to 80% of maximal oxygen uptake (VO2max );
Borg rating of 11 to 14; Raw Power in Motion (RPM) of 50 rpm
to 70 rpm; respiratory compensation point (RCP) of 80%). Adherence and fidelity were poorly and inconsistently reported in the
included studies; therefore, we were unable to analyse the actual
amounts of exercise received or performed by the participants for
this review.

Excluded studies
We excluded 10 studies (see Characteristics of excluded studies).
Six studies were not RCTs (Anonymous 2014; Belardinelli 2006;
Christensen 2012; Stevinson 1999; Nytrøen 2014; Pokan 2004),
two studies had inappropriate comparators (Karapolat 2007;
Kawauchi 2013), and outcome data were not available for two
studies (Kugler 2008; Pierce 2008).

Studies awaiting classification
Three studies were identified that await classification (Braith 2005;
Emmanuel 2015; Tegtbur 2005). One study aimed to determine
the efficacy of resistance exercise in reversing skeletal muscle myopathy in heart transplant recipients, but was not included in the
meta analysis as mean VO2peak and standard deviations were not
available (Braith 2005). A second study aimed to analyse the effect
of exercise on heart rate response in heart transplant recipients
(Emmanuel 2015). Unfortunately, we were unable to trace the
authors or find the full text of this study. A final study aimed to
determine the time course of physical reconditioning and skeletal
muscle adaptation late after transplantation (Tegtbur 2005). We
were unable to contact the author to confirm if this study was a
randomised controlled trial.
We propose that further attempts should be made to obtain required data from the authors of these studies before excluding
them from future updates.

Ongoing studies
Details of ongoing studies are presented in the Characteristics
of ongoing studies table. Although two ongoing studies (
NCT01760538; NCT02602834) are small in size (randomising
30 and 19 participants respectively), Nytrøen 2016 is a large multicentre collaborative study which aims to enrol 120 participants.
However, this study could potentially contribute no data to the
analysis because it aims to explore acute response (biomarkers) after a single boost of exercise training; VO2peak and HRQoL are
measured at baseline only.
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Risk of bias in included studies
Overall, the risk of bias was assessed as low or unclear. Several
studies did not report sufficient methodological detail to enable
assessment of potential risk of bias. Details of concealment of
random allocation, blinding of outcome assessors and declaration
of conflicts of interest were the most frequent poorly reported
parameters. Risk of bias results are summarised in Figure 2 and
Figure 3.
Figure 2. Risk of bias graph: review authors’ judgements about each risk of bias item presented as
percentages across all included studies
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Figure 3. Risk of bias summary: review authors’ judgements about each risk of bias item for each included
study

Exercise-based cardiac rehabilitation in heart transplant recipients (Review)
Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

15

Allocation
Six studies (60%) were judged to provide evidence of adequate random sequence generation (Dall 2014; Haykowsky 2009;
Hermann 2011; Kobashigawa 1999; Nytrøen 2012; Pascoalino
2015); only two studies (20%) reported appropriate concealment
of allocation methods (Dall 2014; Hermann 2011).
Blinding
Due to the nature of the intervention, it was not possible to blind
those providing the intervention or study participants. Instead
we investigated whether those collecting, assessing or analysing
outcome data were blinded to group allocation. Blinding of this
nature was reported in three studies (30%) (Dall 2014; Hermann
2011; Pascoalino 2015).

reported statistically significant between-group differences in pretransplant diagnosis of Ischaemic heart failure and body mass
(Haykowsky 2009).

Groups received comparable treatment

We sought to specifically investigate the impact of exercise on
heart transplant recipients. Most studies compared an exerciseonly intervention with a non-exercise comparator, with all co-interventions (medication and immunosuppressive therapy) delivered equally across intervention and comparator groups. However,
in one study, in addition to exercise (the primary intervention),
participants also received education (Hermann 2011). As it was
unclear whether the comparator group also received education in
addition to exercise, this study was judged as being of unclear risk
of bias for this category.

Incomplete outcome data
All studies clearly stated withdrawal or numbers lost to followup, with the exception of Bernardi 2007 and Kobashigawa 1999.
Details of withdrawals are reported in Table 1. Overall 10.0% in
the intervention group and 10.6% in the control group were lost to
follow-up. None of the studies assessed participants lost to followup for systematic differences compared to those who completed
the study. Three studies (30%) were judged at high risk of bias;
these studies reported losses to follow-up greater than 20% (Braith
2008; Tegtbur 2003; Wu 2008). The remaining studies reported
a relatively few losses to follow-up, with a follow-up of 80% or
more reported, and were therefore judged at low risk of bias.
Selective reporting
We compared the reported outcomes in the results sections to the
outcomes described in the methods of the published papers, and
where possible, with the prospective clinical trial registry entry.
Trial registrations were found for Hermann 2011, Dall 2014 and
Nytrøen 2012, but no other published protocols or clinical trial
registry entries were found for the other studies. All of the included
studies fully reported on all the specified outcomes listed in study
reports’ methods sections.
Other potential sources of bias

Source of funding

Six included studies declared sources of trial funding and were
assessed at low risk of bias for this domain(Braith 2008; Dall 2014;
Haykowsky 2009; Hermann 2011; Nytrøen 2012; Pascoalino
2015). Four studies did not report sources of funding and were
assessed at unclear risk of bias for this domain (Bernardi 2007;
Kobashigawa 1999; Tegtbur 2003; Wu 2008).

Declared conflicts of interest

Four studies declared no conflicts of interest (Dall 2014; Hermann
2011; Nytrøen 2012; Pascoalino 2015). Conflicts of interest were
not reported in six studies, which were assessed at unclear risk of
bias (Bernardi 2007; Braith 2008; Haykowsky 2009; Kobashigawa
1999; Tegtbur 2003; Wu 2008).

Effects of interventions
See: Summary of findings for the main comparison Exercise
versus no exercise for post-heart transplant recipients; Summary
of findings 2 High-intensity versus moderate-intensity exercise
Nine included studies compared an exercise intervention with a no
exercise usual care comparator. Dall 2014 compared high-intensity
interval training with continued moderate-intensity training and
was reported separately.

Groups balanced at baseline

Eight studies had good balance of participants’ baseline characteristics between intervention and control groups. One study demonstrated a statistically significant imbalance between groups at baseline with between-group differences in age (Wu 2008); another

Exercise versus no exercise comparator
Nine studies compared an exercise-only intervention with a no
exercise comparator and were included in this main comparison
(Bernardi 2007; Braith 2008; Haykowsky 2009; Hermann 2011;
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Kobashigawa 1999; Nytrøen 2012; Pascoalino 2015; Tegtbur
2003; Wu 2008).

Primary outcomes

Non-cardiovascular mortality
No included study reported on non-cardiovascular mortality.

Return to work
No included study reported on return to work.

Cardiovascular mortality
Six studies reported no cardiovascular-related deaths in either the
intervention or the comparator groups during the follow-up period
(Bernardi 2007; Braith 2008; Haykowsky 2009; Kobashigawa
1999; Pascoalino 2015; Wu 2008). The remaining studies did not
report on this outcome (Hermann 2011; Nytrøen 2012; Tegtbur
2003).
Hospital admissions (all-cause and cardiovascular-related)
Six studies did not report data on hospital admissions. Two studies reported one cardiovascular-related hospital admission in the
intervention group, and no admissions in the comparator group
(Haykowsky 2009; Nytrøen 2012). One study (Wu 2008) reported that there were no hospital admissions of participants from
either group during the follow-up period. Due to the low number
of events, we were unable to meta-analyse these data.

Exercise capacity
All included studies in this comparison (9 studies) measured exercise capacity which was reported as peak or maximum oxygen
uptake (VO2P eak ). In the pooled analysis, there was evidence of an
improvement in the VO2peak in participants undertaking an exercise programme compared to those receiving no exercise (fixedeffect: MD 2.49 mL/kg/min, 95% CI 1.63 to 3.36, participants
= 284; studies = 9; moderate quality of evidence; Analysis 1.1).
There was no evidence of statistical heterogeneity (I² 0%; Chi²
5.56).

Sensitivity analyses

Of the secondary outcome measures, the only outcome that was
consistently reported by all studies was exercise capacity. Three
studies reported health-related quality of life (Nytrøen 2012;
Tegtbur 2003; Wu 2008). None of the studies reported all-cause
mortality, non-cardiovascular mortality, return to work, healthcare
costs, or adherence to the exercise programme.

Sensitivity analyses were conducted by repeating the meta-analysis
for exercise capacity, in the presence and absence of two studies
considered to be of high risk of bias, and therefore likely to be a
potential risk to the robustness of the analysis. One study reported
exercise capacity as VO2P eak without the standard deviation (SD)
(Kobashigawa 1999). The author was contacted, but was unable to
provide the required SD values. Therefore a median SD, calculated
from the other studies, was imputed into the meta-analysis for
this study. In a second study, four participants “chose” to move
from the intervention group to the comparator group following
randomisation, leading to a high risk of selection bias (Wu 2008).
Excluding Kobashigawa 1999 or Wu 2008 from meta-analyses did
not impact the treatment effect of participants in the intervention
group compared to the comparator group (fixed-effect: MD 2.59
mL/kg/min, 95% CI 1.69 to 3.49; participants = 257; studies =
8; Analysis 1.2; and MD 2.99 mL/kg/min, 95% CI 1.93 to 4.05;
participants = 247; studies = 8; Analysis 1.3)). However, excluding
both Kobashigawa 1999 and Wu 2008 from the meta-analysis
increased the treatment effect (fixed-effect: MD 3.20 mL/kg/min,
95% CI 2.08 to 4.33; participants = 220; studies = 7; Analysis 1.4).
There was no evidence of heterogeneity in any of these analyses
(I² = 0%).

All-cause mortality

Health-related quality of life (HRQoL)

Six studies reported that there were no deaths in either the intervention or the comparator groups, during the follow-up period (Bernardi 2007; Braith 2008; Haykowsky 2009; Kobashigawa
1999; Pascoalino 2015; Wu 2008. Three studies did not report
on this outcome (Hermann 2011; Nytrøen 2012; Tegtbur 2003).

Three studies reported HRQoL data (Nytrøen 2012; Tegtbur
2003; Wu 2008). Due to the variation in HRQoL outcomes and
methods of reporting we were unable to meta-analyse results across
studies; instead, we tabulated overall details and domain HRQoL
scores from each of the trials with particular focus on intervention-

Reported adverse events
Six studies reported no adverse events (including those related
to (i) exercise or (ii) transplantation treatments or drugs) in either intervention or comparator group participants during the follow-up period (Braith 2008; Haykowsky 2009; Hermann 2011;
Kobashigawa 1999; Pascoalino 2015; Wu 2008). Nytrøen 2012
reported one adverse event in the comparator group (a myocardial
infarction resulting in heart failure) and none in the intervention
group. Two studies (Bernardi 2007; Tegtbur 2003) did not report
if any adverse events occurred during the study follow-up.

Secondary outcomes
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control differences at follow-up. To provide some level of overall
synthesis, for each study we assessed if total and domain HRQoL
between-group differences were statistically different and, if so,
the direction of effect (Table 2).
HRQoL was poorly reported in two trials; outcome scores for
individual domains were reported in only one trial (Wu 2008). Wu
2008 reported no statistically significant difference between groups
for any of the four domains of the WHOQoL-BREF. Nytrøen
2012 reported exercise to be superior to no exercise in 1/8 domains
of the SF-36 (general health, P < 0.05); Tegtbur 2003 reported
higher levels of quality of life in the physical function (P < 0.05) and
physical well-being (P < 0.01) sub scales of the Profile of Quality of
Life in the chronically Ill (PLC). There were no other statistically
significant differences reported between groups at follow-up.

Reported adverse events
Dall 2014 reported that there were no adverse events (including
those related to (i) exercise or (ii) transplantation treatments or
drugs) in either the intervention or comparator groups during the
follow-up period.
Secondary outcomes

All-cause mortality
Dall 2014 reported no deaths during the follow-up period.
Non-cardiovascular mortality
Dall 2014 did not report on non-cardiovascular mortality.

Costs
No included study reported on cost data.

Adherence
No data were reported on adherence to the exercise programme
by any included study.

High-intensity exercise versus moderate exercise

Dall 2014 compared the effects of high-intensity interval training
with continued moderate-intensity training on vascular function
and HRQoL in stable heart transplant recipients (N = 16) in a randomised cross-over trial. Dall 2014 included a five month washout
period. All measures were performed at baseline, 12 weeks, after
five month washout, and again after the second 12-week intervention period.

Primary outcomes

Return to work
Dall 2014 did not report on return to work.
Exercise capacity
Dall 2014 reported a comparison of change from baseline for
VO2peak for participants receiving high-intensity interval training
versus continued moderate-intensity training, with a five month
washout period between cross-over phases. There was evidence of
superior exercise capacity following high-intensity interval training compared to continued moderate-intensity training in the 16
participants (fixed-effect: MD 2.30 mL/kg/min, 95% CI 0.59 to
4.01; P < 0.001; Analysis 2.1).
Health-related quality of life
Dall 2014 reported HRQoL using SF-36 (Table 2). While there
were significant improvements after both moderate exercise and
high-intensity interval training on several sub scales, no significant
between-group differences were reported.
Costs
Dall 2014 did not report any cost data.

Cardiovascular mortality
No cardiovascular-related deaths were reported in either the intervention or comparator groups during the follow-up period.

Adherence
Dall 2014 did not report adherence to the exercise programme.
Small study bias

Hospital admissions
Dall 2014 did not report hospital admissions during the followup period.

With the exception of exercise capacity, there was an insufficient
number of studies and outcome data to assess small study bias
by means of funnel plots or Egger test. There was no evidence of
funnel plot asymmetry or statistically significant Egger tests for
exercise capacity (Figure 4; P = 0.36 ).
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Figure 4. Funnel plot of comparison: 1 Exercise versus no-exercise, outcome: 1.1 Exercise capacity
(VO2peak)
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A D D I T I O N A L S U M M A R Y O F F I N D I N G S [Explanation]

High- intensity versus moderate intensity exercise
Patient or population: Post-heart transplant recipients
Settings: Physiotherapy Departm ent
Intervention: High-intensity interval training
Comparison: Continued m oderate-intensity exercise
Outcomes

Illustrative comparative risks* (95% CI)

Assumed risk

Relative effect
(95% CI)

No of Participants
(studies)

Quality of the evidence
(GRADE)

16
(1 study)

⊕⊕⊕
moderate 1

16
(1 study)

⊕⊕⊕
moderate 1

Corresponding risk

M oderate intensity exer- High- intensity exercise
cise
Exercise capacity
(VO2peak )
Follow-up: 12 weeks

The m ean exercise capacity The m ean exercise capacin the control group was 2. ity in the intervention group
6 m g/ kg/ m in (SD 2.2)
was 4.9 m g/ kg/ m in (SD 2.
7)
The m ean exercise capacity
in the intervention groups
was 2.30 higher (0.59 to 4.
01 higher)

Health- related quality of M ental com ponent score =
life
89.3 (7.4)
Follow-up: 12 weeks
Physical com ponent score
= 76.4 (11.8)

M ental com ponent score =
90.0 (6.6)
Physical com ponent score
= 77.5 (8.9)
HRQoL of patients receiving
high-intensity interval training = HRQoL of patients
receiving continued m oderate-intensity exercise
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* The basis f or the assumed risk (e.g. the m edian control group risk across studies) is provided in f ootnotes. The corresponding risk (and its 95% conf idence interval) is
based on the assum ed risk in the com parison group and the relative effect of the intervention (and its 95% CI).
CI: Conf idence interval; RR: risk ratio; RR; HRQoL: health-related quality of lif e
GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our conf idence in the estim ate of ef f ect.
M oderate quality: Further research is likely to have an im portant im pact on our conf idence in the estim ate of ef f ect and m ay change the estim ate.
Low quality: Further research is very likely to have an im portant im pact on our conf idence in the estim ate of ef f ect and is likely to change the estim ate.
Very low quality: We are very uncertain about the estim ate.
1

This evidence is based on the result of only one cross-over study with just 16 participants, resulting in a lack of precision
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DISCUSSION
Summary of main results
The main analysis in this review found moderate quality evidence
that heart transplant recipients can benefit from exercise-based rehabilitation programmes in terms of enhanced exercise capacity
in the short-term (median follow-up of 12 weeks) compared with
study participants who received no exercise training. There was
inadequate evidence to assess the efficacy or safety of exercise in
terms of cardiovascular mortality, hospital admissions or adverse
events in this patient population. Exercise training did not appear to be consistently associated with improvements in healthrelated quality of life (HRQoL) compared with no exercise training. However, all studies that reported HRQoL used generic measures that are known to lack sensitivity with cardiac treatment,
particularly in comparison with disease-specific measures. None
of the included studies reported data on return to work, costs or
adherence to exercise programmes.
Dall 2014 compared high-intensity interval training with continued moderate-intensity exercise in a cross-over study with 16 participants. Dall 2014 reported statistically significant evidence that
high-intensity interval training resulted in a greater exercise capacity than continued moderate-intensity training in the immediate
follow-up period (12 weeks). The limitations of cross-over studies
must be taken into consideration when interpreting these results.
Dall 2014 included a five month washout period, during which
time the effect of intervention was lost. Equally, it must also be
considered that participants’ health may also have deteriorated to
a lower state during this period, compared to before the washout
period.

Overall completeness and applicability of
evidence
Study participants in this review had a median age of 54.4 years
(range 45 years to 60.6 years) and were a median of 12 months
(range 0.5 months to 61 months) post-transplantation. Where
participants’ sex was reported, most (77.6%) were male. Ethnicity was very poorly reported; most (77.8%) participants were described as white in the only study that reported this characteristic. The International Society for Heart and Lung Transplantation
(ISHLT) statistics show that the median age of adults receiving a
heart transplant has not changed since 1992 (ISHLT 2015). During the period 2009 to 2014 the mean age of heart recipients was
54 years (range 25 years to 68 years) of whom 74.9% were male
and 66.2% were white. Included study participants are therefore
representative of the general heart transplant population with regard to age and gender, but less so with respect to ethnicity. This
is notable, because ISHLT data show that by year 5, post-transplant survival for blacks was 68.8% compared with 77.0% for
whites (Colvin-Adams 2015). Moreover, participants were a median of 12 months (range 0.5 months to 61 months) post-transplant, and many of the studies defined participants as stable and

healthy. They may therefore have had a higher baseline quality of
life and enhanced motivation for exercise than the general population of heart transplant recipients, making it difficult to confer
any additional measurable advantage. Caution should therefore
be taken when translating these data to the wider heart transplant
population and to de novo transplant recipients in particular. In
general, the duration of follow-up in included studies was short,
with a median of 12 weeks (range 8 weeks to 52 weeks). It was
therefore not practical to measure most review outcomes set out
in our protocol. Mortality, morbidity, hospital admissions nor return to work were reported by any of the included studies; the
only outcome that could be meta-analysed was exercise capacity.
As anticipated, we were unable to use meta-regression to explore
predictors of treatment effect.
The pooled improvement in exercise capacity with exercise-based
cardiac rehabilitation compared to no exercise in this review approached the value of one metabolic equivalent (MET) (i.e. oxygen consumption of 3.5 mL/kg/min (ACSM 2017). Epidemiological studies show that such an improvement in exercise capacity
can have important prognostic benefits. Data from long-term observational studies support an inverse relationship between fitness
status and overall and cardiovascular mortality risk in apparently
healthy people (Blair 1996; Manson 2002; Paffenbarger 1993;
Sandvik 1993) and in those with documented cardiovascular disease (CVD) (Myers 2002). Even after adjusting for potential confounding factors, reductions in mortality risk of between 8% and
20% per MET increase in exercise capacity have been observed in
men and women, with and without CVD (Gulati 2003; Kokkinos
2008; Kokkinos 2010b; Myers 2002).

Quality of the evidence
In general, the methods of the included RCTs were reported in
enough detail to enable assessment of the quality of the methods
and risk of bias. Six (of 10) included studies adequately reported
random sequence generation (Dall 2014; Haykowsky 2009;
Hermann 2011; Kobashigawa 1999; Nytrøen 2012; Pascoalino
2015); only two studies adequately described methods of allocation concealment (Dall 2014; Hermann 2011), introducing possible selection bias. Blinding of outcome assessors was also poorly
reported; only three studies reported that assessors were blinded to
group allocation (Dall 2014; Hermann 2011; Pascoalino 2015).
Attrition bias was detected in three studies, with losses to followup greater than 20% in two studies (Braith 2008; Tegtbur 2003),
and another study (Wu 2008) reporting that four participants in
the exercise group changed over to the control group after randomisation. Reporting bias was not an issue in any of the studies. Two studies reported that despite randomisation, comparator
and intervention groups were not balanced at baseline in terms of
participant characteristics (Haykowsky 2009; Wu 2008), and in
one study it was unclear if co-interventions were delivered equally
across both groups (Hermann 2011). Source of funding was re-
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ported in six studies (Braith 2008; Dall 2014; Haykowsky 2009;
Hermann 2011; Nytrøen 2012; Pascoalino 2015); however, conflicts of interests were reported in only four studies (Dall 2014;
Hermann 2011; Nytrøen 2012; Pascoalino 2015). Notably, reporting of sources of funding and conflicts of interest was better
in studies published after 2010 studies.
Where appropriate, we employed the GRADE approach to assess the quality of evidence for the main outcomes (Schünemann
2011). Exercise capacity and health-related quality of life
(HRQoL) in both comparisons were assessed using the five
GRADE considerations (study limitations, consistency of effect,
imprecision, indirectness, and publication bias) (see Summary of
findings for the main comparison;Summary of findings 2). The
quality of the evidence for exercise capacity and HRQoL were
downgraded in the main comparison (exercise versus no exercise)
to moderate, due to the risk of selection or detection bias in more
than 50% of the studies contributing data. Both these outcomes
were downgraded in the second comparison (high-intensity interval training versus continued moderate-intensity training) because
only one study with 16 participants (Dall 2014) contributed data.
Included studies were small in size and designed to assess surrogate measures of treatment outcomes such as exercise capacity or
cardiovascular function, and were not powered to assess treatment
group differences in mortality and morbidity outcomes.

Potential biases in the review process
There were some limitations in this review. The specific goal was
to create an up-to-date systematic review to update evidence from
previous non-Cochrane reviews (Didsbury 2013; Nytrøen 2013c),
to determine the effectiveness and safety of exercise-based rehabilitation on the mortality, hospital admissions, morbidity, exercise
capacity, HRQoL, and return to work of people after heart transplantation. However, only 10 studies met our inclusion criteria;
all were small, involved interventions over short durations, and
had relatively short follow-up periods. The studies varied in terms
of specific research questions, with objectives including the determination of the effects of exercise on exercise capacity, HRQoL,
cardiovascular control, vascular and endothelial function, skeletal
muscle function and strength, ambulatory blood pressure and arterial stiffness and coronary risk factors. Because study sample sizes
were small, they were not adequately powered to detect changes in
clinical events and HRQoL; these secondary findings must therefore be interpreted with caution. We acknowledge the limitations
of including only randomised trials in this review, which may have
constrained the collection of important outcome data.
Populations in studies also varied considerably in terms of time
since transplant, with the interventions commencing at a median
of 12 months (range 0.5 months to 61 months) post-transplant.
It has been suggested that the greatest improvement in VO2peak
is thought to occur within the first year post-transplant (Osada
1997), with less being understood about the effect of exercise train-

ing when initiated in the longer-term (≥ 5 years) after heart transplant when patients are more clinically stable. We found insufficient evidence to investigate this aspect in this review. Neither was
it possible to compare different types and intensities of exercise on
heart transplant recipients because only one included study compared different types of exercise regimens.
In a sensitivity analysis, which excluded two studies considered to
be at high risk of bias (Kobashigawa 1999; Wu 2008), the size of
effect for exercise capacity was increased (MD 3.20 mL/kg/min,
95% CI 2.08 to 4.33). While the confidence around the estimate
was increased by removing these studies from the analysis, we can
be confident that the overall direction of the result was not affected
by the inclusion of these higher risk studies in the meta-analysis.

Agreements and disagreements with other
studies or reviews
Our findings agree with a previous non-Cochrane systematic review that reported a significantly higher VO2peak in participants
who received exercise-based cardiac rehabilitation compared to
those receiving usual care (SMD 0.77, 95% CI 0.10 to 1.45; participants = 175, studies = 6, P = 0.03; I² = 77%; Didsbury 2013).
The smaller effect size found by Didsbury 2013 was driven by
inclusion of a study that compared a hospital-supervised exercise
programme with a home-based programme in heart transplant
recipients (Karapolat 2008). Because Karapolat 2008 compared
hospital- with home-based exercise, it was excluded from this current review.
Our review did not include any data from study participants who
were followed up for more than one year following completion of
their exercise-based cardiac rehabilitation programmes. Dall 2014
reported that the improvements achieved by exercise were not
maintained during the five month washout period of a cross-over
study. Similarly, unpublished five year follow-up data of a study
included in this review (Nytrøen 2012), reveal that participants
who completed 12 month high-intensity interval training were
unable to maintain their high post-exercise VO2peak levels and
muscle capacity in the long-term, with no significant differences
in VO2peak levels between the groups at the five year follow-up
despite similar levels of activity frequency and intensity being reported by both groups (Yardley 2016). These data suggest that
moderate levels of exercise and intensity are insufficient to maintain improved VO2peak levels, and that lifelong participation in
exercise may be required to maintain the positive effects on exercise capacity.
However, the authors of a retrospective study conducted in 201
participants who underwent single-organ heart transplantation at
the Mayo Clinic, Minnesota, USA between June 2000 and July
2013, claimed demonstration of an association between early exercise-based cardiac rehabilitation and improved long-term survival
after heart transplantation, despite the plateauing of VO2peak following completion of cardiac rehabilitation (Rosenbaum 2016).
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Overall survival was 98%, 88% and 82% at 1,5 and 10 years
respectively. Using multivariate Cox regression (controlling for
baseline post-transplant 6 minute walk test and early rejection
episodes), the number of cardiac rehabilitation sessions attended
in the first 90 days after transplant was found to predict survival
(HR 0.90, 95% CI 0.82 to 0.97; P = 0.007). One obvious confounder in this study was that the participants who were most
motivated and with the highest degree of adherence early after
transplantation continued to have higher adherence to exercise in
the long-term compared to those with low adherence early after
transplantation. Similarly, patients who have complications and
higher morbidity would be less likely to be able to adhere to an
exercise intervention. It is therefore not clear if the enhanced survival in participants in this study were associated with the early
exercise intervention or the continued motivation and adherence
to exercise (Rosenbaum 2016).

AUTHORS’ CONCLUSIONS
Implications for practice
The short-term gains in exercise capacity with exercise-based cardiac rehabilitation in this review support current clinical guideline
recommendations for providing cardiac rehabilitation for heart
transplant recipients. However, this review highlights some differences between every day clinical practice and research protocols
used in the included trials. For example, routine cardiopulmonary
testing undertaken across trials may not be available in many cardiac rehabilitation services, resulting in reliance on other measures
of exercise intensity prescription, such as rate of perceived exertion and heart rate. While we were unable to demonstrate consistent improvements in health-elated quality of life (HRQoL), it
is plausible that less clinically stable and de novo heart recipients
may demonstrate greater improvements in quality of life following
exercise than more clinically stable participants included in this

review. Uncertainty remains about the longer-term benefits of exercise programmes and if high-intensity interval training should
be used in routine cardiac rehabilitation settings.

Implications for research
Further good quality, well reported researchis needed to confirm
if the short-term benefits of exercise-based cardiac rehabilitation
on exercise capacity in heart transplant recipients seen in this review can be maintained in the longer-term. Ideally, future studies
should (i) be powered to measure the effects of exercise on clinical
outcomes and mortality, (ii) follow participants for a minimum
of six months post cardiac rehabilitation, and (iii) report patientrelated outcomes including validated HRQoL outcome measures
and return to work, and report adherence to exercise programmes
and healthcare costs. To better inform healthcare decision making,
future research should also consider the use of resistance training
as well as high-intensity interval training, and determine the optimum time post-transplant to start training, as well as the optimum
frequency and total duration of exercise training. We suggest that
studies consider incorporating rate of perceived exertion (RPE)
scales and the suitability of training heart rate calculations for the
denervated heart in study designs. To deliver optimum exercise
regimens to future heart transplant recipients, further comparative studies are needed that assess the benefits of different types
and intensity of exercise and address the ethical issue of omitting
exercise from control group participants’ post-transplant care.
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CHARACTERISTICS OF STUDIES
Characteristics of included studies [ordered by study ID]
Bernardi 2007
Methods

Study design: RCT
Country: Italy
Dates participants recruited: NR
Maximum follow up: 6 months

Participants

Inclusion criteria: 6 months after heart transplantation. No signs or symptoms of active
cardiorespiratory disease (apart from controlled hypertension)
Exclusion criteria: NR
N randomised: total: 24; intervention: 13; comparator: 11
Age (mean ± SD): intervention: 50 ± 3 years; comparator: 53 ± 4 years
Percentage male: NR
Ethnicity: NR

Interventions

Interventions: Exercising on a training bicycle at 50 rpm for 30 minutes, 5 days a week,
at 60% to 70% of their peak oxygen consumption (first exercise session measured the
peak oxygen consumption and familiarised the patients with the intervention). Exercise
test to exhaustion performed after 3 months. A new training load was calculated.
Components: Exercise only
Setting: Home
Aerobic exercise: Cycling
Time of start after transplant: Randomised 6 months post-transplantation
Length of session: 30 minutes
Frequency: 5 days a week
Intensity: 50 rpm 60% to 70% of their peak oxygen consumption. (measured at first
exercise session)
Resistance training included? No
Total duration: 6 months (a new exercise test to exhaustion was performed at 3 months)
Co-interventions: Medication
Comparator: Patients were told to “avoid exercise above their normal pre-study routine
and specifically to avoid exercise that would lead to feelings of dyspnoea or exhaustion”
Co-interventions: Medication

Outcomes

Exercise capacity (VO2peak )

Notes
Risk of bias
Bias

Authors’ judgement

Random sequence generation (selection Unclear risk
bias)
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Method of random sequence generation
was not described. “The subjects were randomly assigned to the training or to the
control group”
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Bernardi 2007

(Continued)

Allocation concealment (selection bias)

Unclear risk

Allocation concealment was not described

Blinding of outcome assessment (detection Unclear risk
bias)
All outcomes

Blinding of outcome assessment was not
described

Incomplete outcome data (attrition bias)
All outcomes

Low risk

No patients were reported as being lost to
follow-up in either group

Selective reporting (reporting bias)

Low risk

All variables described in the methods section were reported in the results section

Were groups balanced at baseline?

Low risk

The groups were balanced at baseline; no
significant differences found in any participants’ characteristics at the time of their
first observation

Did both groups receive comparable care?

Low risk

All participants in both groups received the
same co-intervention (drug therapy)

Source of funding

Unclear risk

NR

Declared conflicts of Interest

Unclear risk

NR

Braith 2008
Methods

Study design: RCT
Country: USA
Dates participants recruited: Participants were randomised before their heart transplantation. Exercise was initiated 8 weeks after transplantation
Maximum follow up: 12 weeks

Participants

Inclusion criteria: NR (participants were recruited while on the waiting list for a heart
transplant)
Exclusion criteria: NR
N randomised: Total: 20; intervention:10; comparator: 10
Age (mean ± SD): intervention: 54.4 ± 13.1 years; comparator: 54.3 ± 9.5 years
Percentage male: intervention: 78%; comparator: 86%
Ethnicity: NR

Interventions

Interventions: Each session consisted of a 5 minute warm up, 30 minutes of continuous
treadmill walking and a 5 minute cool down. Exercised progressed to 35 to 40 minutes
as tolerated. Intensity was measured using a Borg RPE scale to maintain intensity in the
range of 11 and 13, and progressed to 12 to 14 range.
Components: Exercise only
Setting: The Living Well Centre at the University of Gainesville, Florida
Aerobic exercise: walking on a treadmill
Time of start after transplant: 8 weeks
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Braith 2008

(Continued)
Length of session: 40 minutes (progressed to 45 to 50 minutes after 4 weeks if exercise
was well tolerated)
Frequency: 3 days a week
Intensity: Range 11 to 13 on Borg RPE scale, and progressed to 12 to 14 range
Total duration: 12 weeks
Resistance training included?: No
Co-interventions: Medication - immunosuppressive therapy
Comparator: The control group received the usual post-transplant medical care but did
not participate in any supervised exercise
Co-interventions: “Continue to receive standard medical care for HTRs from their
transplant physician, including encouragement to engage in regular walking, but did not
participate in supervised exercise”

Outcomes

Exercise capacity (VO2peak )

Notes
Risk of bias
Bias

Authors’ judgement

Support for judgement

Random sequence generation (selection Unclear risk
bias)

Randomisation method not described

Allocation concealment (selection bias)

Allocation concealment not described

Unclear risk

Blinding of outcome assessment (detection Unclear risk
bias)
All outcomes

“All FMD procedures were performed by
the same blinded technician”. However,
blinding was not described for assessment
of other outcomes

Incomplete outcome data (attrition bias)
All outcomes

High risk

Intervention: 1/10 (10%) lost to follow-up;
control: 3/10 (30%) lost to follow-up

Selective reporting (reporting bias)

Low risk

All outcomes described in the methods
were reported in the results

Were groups balanced at baseline?

Low risk

No significant difference was found in
the baseline characteristics between both
groups

Did both groups receive comparable care?

Low risk

All participants within the groups received
the same co-intervention (drug therapy)

Source of funding

Low risk

American Heart Association

Declared conflicts of Interest

Unclear risk

NR
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Dall 2014
Methods

Study design: Cross-over RCT
Country: Denmark
Dates participants recruited: NR
Maximum follow up: 12 weeks

Participants

Inclusion criteria: Clinically stable heart transplant recipients (12 months or more after
transplantation) aged > 18 years. From the Heart Centre, Rigshospitalet, University of
Copenhagen, physically capable of participating in high-intensity interval training.
Exclusion criteria: Unstable condition defined as recent moderate or severe rejection
episodes (> H1R < 3 months); severe coronary allograft vasculopathy or malignant
disease; and retransplantation or multi-organ transplantation
N randomised: Total: 17 (only 16 completed the study and whom the analysis was based
on); intervention: 9; comparator: 8
(Note: As this was a cross-over study, both groups swapped after the 5 months washout
period)
Age (mean ± SD): Mean = 51.9 years (range: 33 years to 70 years)
Percentage male: 75%
Ethnicity: NR

Interventions

Interventions: High-intensity training session consisted of 16 minutes interval training
of 4-, 2 and 1-minute duration at > 80% of VO2peak , separated by a 2-min active rest
period (approximately 60% of VO2peak ). Each session lasted 32 minutes
The > 80% of VO2peak was used as a minimum exercise effort in the 4-, 2-, and 1-min
interval blocks. If the heart transplant recipients were able to work at an even higher
exercise intensity in the shorter time frames (e.g. in the 2- or 1-min interval blocks) they
were told to do so. high-intensity interval training protocol (10-minute warm up, 16minutes of high-intensity interval training + recovery and 10-minute cool down)
Components: Exercise only
Setting: Heart Centre
Aerobic exercise: Cycling
Time of start after transplant: Minimum of 12 months
Length of session: 32 minutes
Frequency: 3 times a week
Intensity: 16 minutes interval training of 4-,2 and 1-minute duration at >80% of
VO2peak , separated by a 2-minute active rest period (approximately 60% of VO2peak ).
> 80% of VO2peak was used as a minimum exercise effort in the 4-, 2-, and 1-min
interval blocks
Total duration: 12 weeks
Resistance training included?: No
Co-interventions: Medication
Comparator: Continued moderate exercise
Co-interventions: Supervised sessions three times a week for 12 weeks.
“The CON sessions consisted of biking for 45 min with an intensity corresponding to
60-70% of VO2peak . All sessions began with a 10- min warm-up and ended with a 10min cool down”

Outcomes

Exercise capacity (VO2peak )
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Dall 2014

(Continued)

Notes

Data were analysed as a 2 x 2 cross-over design using the pkcross command in STATA
with a formal test for period and carryover effects

Risk of bias
Bias

Authors’ judgement

Support for judgement

Random sequence generation (selection Low risk
bias)

“After baseline testing, a person not involved in the study randomised patients
(envelope randomisation) into two groups:
high-intensity interval training-washoutCON or CON-washout-high-intensity interval training”

Allocation concealment (selection bias)

Low risk

“After baseline testing, a person not involved in the study randomised patients”

Blinding of outcome assessment (detection Low risk
bias)
All outcomes

“The outcome assessors were blinded to the
intervention allocation, and the patients
were asked not to discuss exercise habits
with the test staff ”

Incomplete outcome data (attrition bias)
All outcomes

Low risk

1/17 total (6%) drop-out

Selective reporting (reporting bias)

Low risk

All outcomes stated that were going to be
recorded were reported

Were groups balanced at baseline?

Low risk

As it was a cross-over study, baseline characteristics given were for all participants recruited

Did both groups receive comparable care?

Low risk

In this cross-over trial, each group either
received high-intensity interval training or
continued moderate-intensity exercise for
12 weeks, and then after a month washout
period, the group was allocated to the alternative intervention

Source of funding

Low risk

Danish Physiotherapy Research Foundation and the Danish Health Foundation

Declared conflicts of Interest

Low risk

“The authors of this manuscript have no
conflicts of interest to disclose as described
by the American Journal of Transplantation”
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Haykowsky 2009
Methods

Study design: RCT
Country: Canada
Dates participants recruited: NR
Maximum follow up: 12 weeks

Participants

Inclusion criteria: Clinically stable HTR > 0.5 years post surgery
Exclusion criteria: NR
N randomised: Total: 43; intervention: 22; comparator: 21
Age (mean ± SD): intervention: 57 ± 10 years; comparator: 59 ± 11 years
Percentage male: intervention: 77%; comparator: 86%
Ethnicity: NR

Interventions

Interventions: The supervised aerobic and strength training (SET) program consisted
of aerobic training (5 days/week) and strength training (2 days/week). During the first
8 weeks, treadmill and cycle exercise were performed at a heart rate equal to 60% to
80% VO2peak for 30 to 45 minutes. In the final 4 weeks, continuous aerobic training
was performed 3 days/week (45 min/session at a heart rate equal to 80% VO2peak )
and interval training was performed 2 days/week. Specifically, participants cycled for 30
seconds at 90% to 100% of baseline peak power output followed by 60 seconds rest. Ten
repetitions (1 rep = 30 sec exercise followed by 60 seconds rest) were initially performed
and gradually increased until 25 repetitions were completed. Upper extremity (chest
press, latissimus dorsi pull down, arm curls) and lower extremity (leg press) strength
training (1 to 2 sets of 10 to 15 repetitions) was performed 2 days/week at 50% of
maximal strength.
Components: Exercise only
Setting: Centre (No details reported)
Aerobic exercise: Running (treadmill) and cycling
Time of start after transplant: 6 months
Length of session: First 8 weeks: 30 to 45 minutes; final 4 weeks: 45 minutes; interval
training: 15 minutes (30 seconds followed by 60 seconds rest x 10)
Frequency: First 8 weeks: 5 days a week; final 4 weeks: 3 days a week; interval training:
2 days a week
Intensity: First 8 weeks: 60% to 80% VO2peak ; Final 4 weeks: 80% VO2peak ; interval
training: 90% to 100% of baseline peak power output
Total duration: 12 weeks
Resistance training included?: Yes
“Ten repetitions (1 rep = 30 sec exercise followed by 60 sec rest) were initially performed
and gradually increased until 25 repetitions were completed. Upper extremity (chest
press, latissimus dorsi pull down, arm curls) and lower extremity (leg press) strength
training (1-2 sets of 10-15 repetitions) was performed 2 days/week at 50% of maximal
strength”
Strength training = (1 to 2 sets of 10 to 15 repetitions) performed 2 days/week at 50%
of maximal strength
Co-interventions: Medication
Comparator: No training (NT) control
Co-interventions: “Not provided with exercise guidelines and continued with their
usual activities of daily living”

Outcomes

Exercise capacity (VO2peak )
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(Continued)

Notes
Risk of bias
Bias

Authors’ judgement

Support for judgement

Random sequence generation (selection Low risk
bias)

“Randomly assigned, using computer generated randomisation sequences (blocks of
8 with variable blocks of 2 and 4; www.epicore.ualberta.ca)”

Allocation concealment (selection bias)

Allocation concealment not described

Unclear risk

Blinding of outcome assessment (detection Unclear risk
bias)
All outcomes

Blinding of outcome assessment not described

Incomplete outcome data (attrition bias)
All outcomes

Low risk

Intervention: 2/21 (10%) lost to follow-up;
comparator: 1/22 (5%) lost to follow-up

Selective reporting (reporting bias)

Low risk

All selected measurements were reported in
the results

Were groups balanced at baseline?

High risk

“A lower number of participants in the SET
group had a pretransplant diagnosis of ischemic heart failure (SET: 45% vs. NT:
76%, P = 0.04). Body mass was lower in
the SET (80 ± 22 kg) compared to the NT
group (93 ± 14 kg, P = 0.03).”

Did both groups receive comparable care?

Low risk

All participants within the groups received
the same co-intervention (drug therapy)

Source of funding

Low risk

Heart and Stroke Foundation of Alberta,
NWT & Nunavut

Declared conflicts of Interest

Unclear risk

NR

Hermann 2011
Methods

Study design: RCT
Country: Denmark
Dates participants recruited: At least 12 months after transplantation
Maximum follow up: 8 weeks

Participants

Inclusion criteria: “Above 18 years of age, and were included at least 12 months after
transplantation. All subjects were capable of performing aerobic exercise training”.
Exclusion criteria: “Subjects were excluded if they had plasma creatinine greater than
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(Continued)
2.3 mg/dL or were on dialysis treatment, or if they had significant rejection (greater than
grade 1R) in the previous 3 months, severe coronary allograft vasculopathy or malignant
disease. Patients who had undergone retransplantation or multi-organ transplantation
were also excluded”.
N randomised: Total: 30; intervention: 15; comparator: 15
Age (mean ± SD): intervention: 53 ± 11 years; comparator: 47 ± 18 years
Percentage male: intervention: 86%; comparator: 77%
Ethnicity: NR

Interventions

Interventions: All completed an 8-week training period with three supervised sessions
weekly. The exercise intervention protocol was designed as aerobic interval training on bicycles and staircase running, with interval blocks, approximately 80% of VO2peak which
equals approximately 85% of maximal heart rate. Each exercise session was introduced
by a warming up period above 50% of VO2peak . After initial warming up, a 42 minute
high-intensity exercise program followed, with interval blocks of 4 minutes/2 minutes/
30 seconds according to 80%, 85% and 90% of VO2peak and recovery periods of half a
minute. Finally 10 minutes of staircase running up corresponding to 80% of peak VO
and recovery walking down according to 50% peak VO . The intensity of the interval
blocks was kept above 80% of VO2peak corresponding to level 18 to 19 on the Borg
scale.
Components: Exercise plus education (education about the benefits of exercise training
together with information on nutrition generally and especially before and after training
sessions)
Setting: Cardiac Rehabilitation Clinic
Aerobic exercise: Cycling and staircase running
Time of start after transplant: 12 months
Length of session: 42 minutes
Frequency: 3 times a week
Intensity: Each exercise session was introduced by a warming period above 50% of
VO2peak . Each session’s intensity was set at 80% of VO2peak (approximately 85% of
maximal heart rate)
Total duration: 8 weeks
Resistance training included?: No
Co-interventions: Medication and education
Comparator: No exercise
Co-interventions: Medication

Outcomes

Exercise capacity (VO2peak )

Notes

Specific intervention for the control group was not mentioned. The only thing mentioned
was that they were the “no exercise” group

Risk of bias
Bias

Authors’ judgement

Random sequence generation (selection Low risk
bias)
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Support for judgement
“Randomisation was performed as an envelope randomisation after stratification by
gender”
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Hermann 2011

(Continued)

Allocation concealment (selection bias)

Low risk

An impartial person drew the envelopes to
the exercise group or the control group

Blinding of outcome assessment (detection Low risk
bias)
All outcomes

“All measurements were performed with
the operator blinded to the intervention
group allocation”

Incomplete outcome data (attrition bias)
All outcomes

Low risk

Intervention: 1/15 (7%) lost to follow-up;
comparator: 2/15 (13%) lost to follow-up

Selective reporting (reporting bias)

Low risk

All data stated to be recorded was presented
in the results

Were groups balanced at baseline?

Low risk

There were no differences in between
groups at baseline

Did both groups receive comparable care?

Unclear risk

Unsure if the comparator group received
education as well as the exercise group

Source of funding

Low risk

Research Fund for the Danish Physiotherapists Organisation and the Danish Medical
Association Research Fund

Declared conflicts of Interest

Low risk

“The authors of this article have no conflict
of interest to disclose as described by the
American Journal of Transplantation”

Kobashigawa 1999
Methods

Study design: RCT
Country: USA
Dates participants recruited: August 1992 to June 1993
Maximum follow up: 6 months

Participants

Inclusion criteria: Patients who underwent heart transplantation by the mid atrial-cuff
technique between August 1992 and June 1993
Exclusion criteria: Multiple medical limitations after prolonged hospitalisation
N randomised: Total: 27; intervention: 14; comparator: 13
Age (mean ± SD): intervention: 55 ± 8 years; comparator: 50 ± 12 years
Percentage male: intervention: 79%; comparator: 62%
Ethnicity (percentage white): intervention: 71%; comparator: 85%

Interventions

Interventions: At the time of entry, participants were evaluated for overall muscle
strength, joint flexibility, and aerobic endurance. A supervised program of exercise was
developed according to each participant’s specific needs, including strengthening, flexibility and aerobic exercises. The duration and intensity of aerobic exercise sessions were
increased to meet the participant’s tolerance, with a goal of at least 30 minutes of contin-

Exercise-based cardiac rehabilitation in heart transplant recipients (Review)
Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

39

Kobashigawa 1999

(Continued)
uous exercise at a moderate intensity. The frequency of cardiac rehabilitation sessions was
gradually reduced to once every two weeks as participants became more independently
involved in their home exercise programs.
Components: Exercise only
Setting: Cardiac Rehabilitation Clinic, but some participants were given specific instructions for exercising at home due to transport difficulties
Aerobic exercise: Walking on a treadmill or pedaling on a bicycle ergometer
Time of start after transplant: Within two weeks after transplantation
Length of session: 30 minutes
Frequency: Supervised specialised training: 1 to 3 times a week. Then reduced to once
every 2 weeks; Cardiopulmonary exercise training: 1 month after transplantation and
again 6 months after transplantation
Intensity: Supervised specialised training: increased to meet the patients tolerance; Cardiopulmonary exercise training: 50 to 70 rpm
Total duration: 6 months
Resistance training included?: Yes. “Strengthening exercises consisted primarily of
closed-chain resistive activities (e.g. bridging half-squats, and toe raises) and abdominal
exercises (curl-ups and pelvic tilts)”
Co-interventions: Medication. “Before discharge from the hospital, patients in both
groups received written guidelines with specific instructions to follow certain exercises
at home”.
Comparator: “The control group received written guidelines for exercise but participated
in no formal, supervised exercise sessions after discharge from the hospital”
Co-interventions: Medication. “Before discharge from the hospital, patients in both
groups received written guidelines with specific instructions to follow certain exercises
at home”

Outcomes

Exercise capacity (VO2peak )

Notes
Risk of bias
Bias

Authors’ judgement

Support for judgement

Random sequence generation (selection Low risk
bias)

“Randomly assigned (by selection of sealed
envelopes)”

Allocation concealment (selection bias)

Allocation concealment not described

Unclear risk

Blinding of outcome assessment (detection Unclear risk
bias)
All outcomes

Blinding of outcome assessment not described

Incomplete outcome data (attrition bias)
All outcomes

Low risk

No participants were reported as being lost
to follow-up in either group

Selective reporting (reporting bias)

Low risk

All selected measurements were reported in
the results
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(Continued)

Were groups balanced at baseline?

Low risk

Both groups were balanced at baseline, with
no significant differences reported

Did both groups receive comparable care?

Low risk

Participants in both groups received written guidance on exercise, but the control
group not participate in any formal exercise
training

Source of funding

Unclear risk

NR

Declared conflicts of Interest

Unclear risk

NR

Nytrøen 2012
Methods

Study design: RCT
Country: Norway
Dates participants recruited: Between 2009 and 2010
Maximum follow up: 12 months

Participants

Inclusion criteria: “Age > 18 years; 1-8 years after HT; optimal medical treatment; stable
clinical condition; ability to perform maximal exercise test on a tread- mill; willingness
and ability to perform a 1-year high-intensity interval training-program; and provision
of written informed consent.”
Exclusion criteria: “Unstable condition; need for revascularization or other intervention;
infection; physical disability preventing participation and exercise capacity limited by
other disease or illness”.
N randomised: Total: 52; intervention: 26; comparator: 26
Age (mean ± SD): intervention: 48 ± 17 years; comparator: 53 ± 14 years
Percentage male: intervention: 67%; comparator: 71%
Ethnicity: NR

Interventions

Interventions: High-intensity interval training was performed on a treadmill. Each participant was assigned to a local, co-operating physiotherapist for individual supervision
of high-intensity interval training-sessions. The intervention was divided into three 8week periods of exercise with three sessions every week. Participants were also encouraged
to continue any physical activity on their own
“The HIIT-sessions consisted of 10 min warm-up, followed by four 4 min exercise
bouts at 85-95% of maximum heart rate (HRmax), interposed by 3 min active recovery
periods corresponding to 11-13 on the Borg, 6-20 rated perceived exertion (RPE), scale.
HRmax, recorded during the maximal exercise test at baseline, was used to determine
each patient’s training zone. Speed and/or increased inclination of the treadmill were
adjusted individually to reach the desired HR.”
Components: Exercise only
Setting: Both (participants were assigned to a local physiotherapist and were also encouraged to continue any physical activity on their own)
Aerobic exercise: Running on a treadmill
Time of start after transplant: 1 to 8 years
Length of session: 10 minute warm ups, followed by four 4-minute exercise bouts,
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(Continued)
interposed by 3-minute active recovery periods
Frequency: 3 sessions weekly in 3 different 8-week periods
Intensity: 85% to 95% of maximum heart rate
Total duration: 3 different 8 week periods over a year
Resistance training included?: No
Co-interventions: Medication
Comparator: “No intervention was given to the control group other than basic, general
care given to all HT [heart transplant] patients”.
Co-interventions: Medication

Outcomes

Exercise capacity (VO2peak )

Notes
Risk of bias
Bias

Authors’ judgement

Support for judgement

Random sequence generation (selection Low risk
bias)

“patients...were randomised, using computer generated randomisation sequences,
to either intervention group (HIIT) or control group (usual care)”

Allocation concealment (selection bias)

Allocation concealment not described

Unclear risk

Blinding of outcome assessment (detection Unclear risk
bias)
All outcomes

Blinding of outcome assessment not described

Incomplete outcome data (attrition bias)
All outcomes

Low risk

Intervention: 2/26 (7.7%) lost to followup; control: 2/26 (7.7%) lost to follow-up

Selective reporting (reporting bias)

Low risk

All outcomes described in the methods
were reported on in the results

Were groups balanced at baseline?

Low risk

“Baseline characteristics are given in Table
1 with no significant differences
between the exercise group (EG) and the
control group (CG)”.

Did both groups receive comparable care?

Low risk

“No intervention was given to the control
group other than basic, general care given
to all HT [heart transplant] patients.”

Source of funding

Low risk

South-East Health Region in Norway
(Helse Sør-Øst)
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Declared conflicts of Interest

Low risk

“The authors of this manuscript have no
conflicts of interest to disclose as described
by the American Journal of Transplantation”

Pascoalino 2015
Methods

Study design: RCT
Country: Brazil
Dates participants recruited: 2 May 2008 to 30 August 2010
Maximum follow up: 12 weeks

Participants

Inclusion criteria: Heart transplantT= recipients aged 20 to 60 years. Heart transplant
at least 12 months prior “sedentary lifestyle (noninvolvement in regular physical activity
or exercise training during the previous 6 months), optimised and unchanged therapy
during the previous 6 months, office BP ≤ 140/90 mmHg, and no musculoskeletal,
cardiovascular and metabolic contraindications to training.”
Exclusion criteria: “Patients with evidence of graft rejection during the previous 6
months, psychological disorders, neuromuscular disease, chronic obstructive pulmonary
disease, evidence of target organ damage (i.e. heart, eye, kidney, and brain), complex
ventricular arrhythmia, atrial fibrillation, and alcoholism were also not included in the
study. Patients who changed their medication during the study were excluded from the
final analysis.”
N randomised: Total: 42; intervention: 33; comparator: 9
Age (mean ± SD): intervention: 45 ± 3 years; comparator: 45 ± 6 years
Percentage male: intervention: 74.2%; comparator: 55.6%
Ethnicity: NR

Interventions

Interventions: Two supervised and one unsupervised sessions a week.
Supervised: 5 minute warm up, 40 minute endurance exercise (walking/jogging on a
treadmill) at intensity 80% of RCP heart rate, and 5 minute cool down. Endurance
exercise intensity was adjusted continuously.
Unsupervised: Instructed to follow the same protocol as the supervised session.
Components: Exercise only
Setting: Home and centre (no details reported)
Aerobic exercise: Walking and jogging on a motorised treadmill
Time of start after transplant: At least 12 months
Length of session: 50 minutes
Frequency: 3 times a week
Intensity: 80% of RCP
Total duration: 12 weeks
Resistance training included?: No
Comparator: “Maintain daily activities without exercise training during the 12 weeks”
Co-interventions: Medication

Outcomes

Exercise capacity (VO2peak ), HRQoL

Notes
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(Continued)

Risk of bias
Bias

Authors’ judgement

Support for judgement

Random sequence generation (selection Low risk
bias)

Computer generated randomisation list
generated by statistician

Allocation concealment (selection bias)

Unclear if the statistician was independent
from the study or not

Unclear risk

Blinding of outcome assessment (detection Low risk
bias)
All outcomes

Outcome assessors were blinded to group
assignments

Incomplete outcome data (attrition bias)
All outcomes

Low risk

Intervention: 2/33 (6%) lost to follow-up;
comparator: 0/9 (0%) lost to follow-up

Selective reporting (reporting bias)

Low risk

All outcomes recorded are reported on

Were groups balanced at baseline?

Low risk

There was no significant difference between the groups at baseline

Did both groups receive comparable care?

Low risk

All participants with the groups received
the same co-intervention (drug therapy)

Source of funding

Low risk

Fundação de Amparo à Pesquisa do Estado
de São Paulo

Declared conflicts of Interest

Low risk

“No conflicts to declare”

Tegtbur 2003
Methods

Study design: RCT
Country: Germany
Dates participants recruited: NR
Maximum follow up: 12 months

Participants

Inclusion criteria: Heart transplant patients in the follow-up program at Hannover
Medical School
Exclusion criteria: NR
N randomised: Total: 31; intervention: 16; comparator: 15
Age (mean ± SD): intervention: 55 ± 7 years; comparator: 54 ± 8 years
Percentage male: intervention: 95%; comparator: 91.6%
Ethnicity: NR

Interventions

Interventions: Every 2 days home training on bicycle ergometer at an intensity of 10%
below the anaerobic threshold.
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(Continued)
Total session around 28 min (6 min warm up and 2 min cool down) programmed as a
preset workout on a smart card.
Data from each home exercise (heart rate, performance and rating of perceived exertion)
were stored on the chip card and analysed at the clinic appointment when they also
underwent a supervised ergometer endurance test with ECG,
Components: Exercise only
Setting: Home
Aerobic exercise: Cycling on an ergometer
Time of start after transplant: Mean 5.1 ± 2.2 years after transplantation
Length of session: 28 minutes (6 minute warm up and 2 minute cool down)
Frequency: Every 2 days
Intensity: 10% below the anaerobic threshold
Total duration: 12 months
Resistance training included?: No
Comparator: Usual medical care given to heart transplant recipients
Co-interventions: Medication and standard medical follow-up

Outcomes

Exercise capacity (VO2peak ), HRQoL

Notes
Risk of bias
Bias

Authors’ judgement

Support for judgement

Random sequence generation (selection Unclear risk
bias)

Unclear how participants were randomised

Allocation concealment (selection bias)

Allocation concealment was not described

Unclear risk

Blinding of outcome assessment (detection Unclear risk
bias)
All outcomes

Blinding of outcomes was not described

Incomplete outcome data (attrition bias)
All outcomes

High risk

Intervention: 8/20 (40%) lost to follow-up;
control: 7/15 (47%) lost to follow-up

Selective reporting (reporting bias)

Low risk

All outcomes described in the methods section were reported in the results

Were groups balanced at baseline?

Low risk

There were no differences between the intervention and control group

Did both groups receive comparable care?

Low risk

“The control group received the established
aftercare program”. No other co-interventions were described

Source of funding

Unclear risk

NR
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Declared conflicts of Interest

Unclear risk

NR

Wu 2008
Methods

Study design: RCT
Country: Taiwan
Dates participants recruited: July 2005 to July 2006
Maximum follow up: 8 weeks

Participants

Inclusion criteria: “All subjects were clinically stable and free from acute rejection detected from endomyocardial biopsy and allograft vasculopathy on coronary angiography
in the recent 2 months, infection or any other major illnesses that could have interfered
with the assessment or participation in the study. Medical clearance was con- firmed by
the transplantation team of the National Taiwan University Hospital”.
Exclusion criteria: NR
N randomised: Total: 37; intervention: 14; comparator: 23
Age (mean ± SD): Intervention: 60.6 ± 6.2 years; comparator: 51.6 ± 12.8 years
Percentage male: intervention: 78.5%; comparator: 78.2%
Ethnicity: NR

Interventions

Interventions: “Exercise group subjects were instructed to conduct an 8-week structured
home-based exercise program that included a 5-min warm-up, upper and lower extremity
light-weight strengthening exercises, 15-20 min walking at a prescribed intensity with
60- 70% peak VO , 10 min of stepping exercise with a stool and a 5 min cool down at
least 3 times a week. Exercises for the upper and lower extremities included arms curls,
triceps extension in shoulder elevation, chest press and standing shoulder press, as well
as half squats, toe raises, bridging exercise and bridging exercise with 1 straight leg rising.
The speed of walking was 60-70% peak VO of the baseline measurements“.
Components: Exercise only
Setting: Home
Aerobic exercise: Walking, stepping exercises and stationary bike training
Time of start after transplant: Minimum of 12 months
Length of session: 30 minutes
Frequency: 3 times a week
Intensity: Speed walking was 60% to 70% peak VO2peak
Total duration: 8 weeks
Resistance training included?: No
Comparator: Control group “was asked to keep the usual activity lifestyle during the
study period.”
Co-interventions: Medical therapy

Outcomes

Exercise capacity (VO2peak ), Brief version of the World Health Organization Questionnaire on Quality of Life (WHOQoL-BREF)

Notes

After original randomisation, 4 participants chose to change from the intervention to
the control group, due to time restraints

Risk of bias
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Bias

Authors’ judgement

Support for judgement

Random sequence generation (selection Unclear risk
bias)

Method of randomisation was not described. Also 4 patients “chose” to change
from the intervention to the control group
due to time restraints

Allocation concealment (selection bias)

Unclear risk

The allocation concealment was not described

Blinding of outcome assessment (detection Unclear risk
bias)
All outcomes

The blinding of outcomes was not described

Incomplete outcome data (attrition bias)
All outcomes

High risk

Intervention: 2/14 (14.3%) lost to followup; control: 4/23 (17.4%) lost to followup
In addition 4 participants in the exercise
group changed over to the control group after randomisation. Analyses were done using the latter group allocation and not original randomised groups

Selective reporting (reporting bias)

Low risk

All outcomes described in the methods are
reported in the results section

Were groups balanced at baseline?

High risk

The exercise group was significantly older
than the control group

Did both groups receive comparable care?

Low risk

Both groups received the same co-interventions (medical therapy)

Source of funding

Unclear risk

NR

Declared conflicts of Interest

Unclear risk

NR

BP - blood pressure; CON - continued moderate exercise; ECG - electrocardiogram; HIIT - high-intensity interval training; HR - heart
rate; HRQoL - health-related quality of life; HT - heart transplant; NR - not reported; RCP - respiratory compensation point; RCT
- randomised controlled trial; RPE - rated perceived exertion; rpm - revolutions per minute; VO2peak/ VO2max - peak/maximal
oxygen uptake
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Characteristics of excluded studies [ordered by study ID]

Study

Reason for exclusion

Anonymous 2014

Not an RCT

Belardinelli 2006

Not an RCT

Christensen 2012

Not an RCT

Karapolat 2007

Home- versus centre-based rehabilitation

Kawauchi 2013

Comparison of two different training regimes of same exercise intensity

Kugler 2008

Authors contacted but full paper was not published and no data were available

Nytrøen 2014

Not an RCT

Pierce 2008

Authors were contacted but no data on outcomes of interest was received

Pokan 2004

Not an RCT

Stevinson 1999

Not an RCT

RCT - randomised controlled trial

Characteristics of studies awaiting assessment [ordered by study ID]
Braith 2005
Methods

The purpose of this study was to determine the efficacy of resistance exercise in reversing skeletal muscle myopathy
in heart transplant recipients

Participants

Heart transplant recipients
Intervention group: N = 8
Comparator group: N = 7

Interventions

6 months of resistance exercise

Outcomes

Exercise capacity (VO2peak )

Notes

VO2peak is reported graphically for individual patients. The authors were contacted and asked to supply a mean ±
SD. Despite initial positive reply, no data were supplied
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Emmanuel 2015
Methods

The purpose of present study was to analyse the effect of ET on HR response to exercise in HT patients

Participants

48 sedentary heart transplant recipients (age = 47 ± 3 years)
Randomised in a 2:1 ratio to exercise training and control

Interventions

3 x weekly aerobic (30 min) and resistance training program (5 exercises) at intensity between 11 to 13 on the 6 to
20 rating of perceived effort scale

Outcomes

No outcomes of interest were reported in the abstract

Notes

Every effort was made to find full text, but no further publications were found

Tegtbur 2005
Methods

To determine the time course of physical reconditioning and skeletal muscle adaptation late after transplantation
“We analysed time course of physical reconditioning data for each home-training session (N = 2396). Constant-load
tests with consistent blood lactate concentrations were performed quarterly (n = 105) to estimate the time course of
skeletal muscle adaptation. Nine heart transplant recipients served as a control group (CG)”

Participants

Intervention group: 21 heart transplant recipients, 5.2 ± 2.1 years after transplantation; comparator group: 9 heart
transplant recipients

Interventions

1 year of an individually tailored home ergometer-training program (2.1 ± 0.7 sessions weekly with matched heart
rates, intensity at 10% below anaerobic threshold)

Outcomes

Exercise capacity (VO2peak )

Notes

Identified from Nytrøen 2013c. Author was emailed (twice) to ask if participants were randomised (“Nine of 15 HT
recipients, who were assigned prospectively to the control group (CG)”

Characteristics of ongoing studies [ordered by study ID]
NCT01760538
Trial name or title

Study on Heart Rate Variability in Cardiac Transplant Recipients with Exercise and After Exercise Training

Methods

RCT

Participants

Enrolment: 30
Inclusion criteria:
• Heart transplant recipients with stable post operation condition
• Age between 20-70 years
• No acute or severe chronic rejection
Exclusion criteria:
• Any condition that might affect exercise performance
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(Continued)

Interventions

Exercise training versus usual care

Outcomes

Primary outcome measures:
• Heart rate variability
• R-R interval difference
Secondary outcome measures:
• Exercise capacity
• Oxygen consumption
• Quality of life

Starting date

August 2001

Contact information

Ying-Tai Wu, National Taiwan University Hospital

Notes

Study has been completed, but no publications have been found

NCT02602834
Trial name or title

Imminently Effect of Interval Training With High Intensity (HIT) After Heart Transplantation

Methods

Randomised cross-over assignment, open label

Participants

Enrolment: 19
Inclusion criteria (heart transplant):
• 1to 10 years after heart transplantation
• Lives in or near Oslo
• Stable health condition
• Optimal medical treatment/medication
• No limiting physical handicap
• Written consent
Inclusion healthy control:
• No verified heart disease
• Willing to perform the study
• Over 18 years
• Written consent
Exclusion criteria:
• Under 1 year or over 10 year since heart transplant
• Lives far from Oslo
• Unstable health condition
• Not optimal medical treatment and/ or medication
• Limiting physical handicap
• Under 18 years
• Not written consent

Interventions

Interval training vs moderate exercise
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(Continued)

Outcomes

Primary outcome measures:
• Changes in CRP with interval training compared to moderate training
• Changes in interleukin levels with interval training compared to moderate training
• Changes in ICAM levels with interval training compared to moderate training
• Changes in MiRNA levels with interval training compared to moderate training
Secondary outcome measures:
• HRQoL
• Oxygen uptake
• VO2peak
• Questionnaire of physical activity

Starting date

May 2015

Contact information

Lars LG Gullestad, Professor OUS-Oslo University Hospital Rikshospitalet, Cardiology Department

Notes
Nytrøen 2016
Trial name or title

High Intensity Training in de Novo Heart Transplant Recipients in Scandinavia (HITTS)

Methods

Open label RCT

Participants

Estimated enrolment: 120
Inclusion criteria:
• Clinically stable HT recipients approximately 8 to 12 weeks after HT.
• Age > 18 years, both sexes
• Received immunosuppressive therapy as per local protocol.
• Patient willing and capable of giving written informed consent for study participation and anticipated
to be able to participate in the study for 9 to 12 months.
Exclusion criteria:
• Unstable condition or postoperative complications
• Recent severe rejection episodes
• Physical disabilities which prevent participation
• Other diseases or disabilities that contradict/refrain from exercise.

Interventions

Intervention: High-intensity interval training
9 months of high intensity interval based aerobic exercise (3 times/week)
Comparator: Moderate training
Regular exercise training offered to all heart transplant recipients

Outcomes

Exercise capacity (VO2peak ), HRQoL

Starting date

February 18, 2013

Contact information

Kari Nytrøen, PhD, Sahlgrenska University Hospital, Gothenburg, Sweden kari.nytroen@medisin.uio.no
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Notes

(Continued)

ClinicalTrials.gov Identifier: NCT01796379
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DATA AND ANALYSES

Comparison 1. Exercise versus no-exercise

No. of
studies

No. of
participants

1 Exercise capacity (VO2peak )

9

284

Mean Difference (IV, Fixed, 95% CI)

2.49 [1.63, 3.36]

2 Sensitivity analysis (excluding
Kobashigawa 1999)
3 Sensitivity analysis (excluding
Wu 2008)
4 Sensitivity analysis (excluding
Kobashigawa 1999 and Wu
2008)

8

257

Mean Difference (IV, Fixed, 95% CI)

2.59 [1.69, 3.49]

8

247

Mean Difference (IV, Fixed, 95% CI)

2.99 [1.93, 4.05]

7

220

Mean Difference (IV, Fixed, 95% CI)

3.20 [2.08, 4.33]

Outcome or subgroup title

Statistical method

Effect size

Comparison 2. High-intensity interval training versus continued moderate-intensity exercise

Outcome or subgroup title
1 Exercise capacity (VO2peak )

No. of
studies

No. of
participants

1

32

Statistical method
Mean Difference (IV, Fixed, 95% CI)
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2.30 [0.59, 4.01]
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Analysis 1.1. Comparison 1 Exercise versus no-exercise, Outcome 1 Exercise capacity (VO2peak).
Review:

Exercise-based cardiac rehabilitation in heart transplant recipients

Comparison: 1 Exercise versus no-exercise
Outcome: 1 Exercise capacity (VO2peak )

Study or subgroup

Experimental
(mL/kg/min)

Mean
Difference

Control (mL/kg/min)

Weight

N

Mean(SD)

N

Mean(SD)

13

19.61 (2.34)

11

15.6 (5.84)

5.5 %

4.01 [ 0.33, 7.69 ]

9

19.4 (5.5)

7

16.8 (2.8)

4.4 %

2.60 [ -1.55, 6.75 ]

Haykowsky 2009

22

3.43 (3.3)

21

0.04 (2.2)

26.9 %

3.39 [ 1.72, 5.06 ]

Hermann 2011

14

28.3 (6.1)

13

23.4 (5.7)

3.8 %

4.90 [ 0.45, 9.35 ]

Kobashigawa 1999

14

13.6 (4.75)

13

12.3 (3.65)

7.4 %

1.30 [ -1.88, 4.48 ]

Nytr en 2012

24

30.9 (5.3)

24

28 (6.7)

6.4 %

2.90 [ -0.52, 6.32 ]

Pascoalino 2015

33

23.2 (6.68)

9

20.1 (4.5)

5.4 %

3.10 [ -0.62, 6.82 ]

8

20.1 (4.2)

12

18.5 (2.8)

6.8 %

1.60 [ -1.71, 4.91 ]

14

1 (2.5)

23

-0.5 (1.8)

33.3 %

1.50 [ 0.00, 3.00 ]

Bernardi 2007
Braith 2008

Tegtbur 2003
Wu 2008

Total (95% CI)

151

IV,Fixed,95% CI

Mean
Difference
IV,Fixed,95% CI

133

100.0 % 2.49 [ 1.63, 3.36 ]

Heterogeneity: Chi2 = 5.54, df = 8 (P = 0.70); I2 =0.0%
Test for overall effect: Z = 5.64 (P < 0.00001)
Test for subgroup differences: Not applicable
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Analysis 1.2. Comparison 1 Exercise versus no-exercise, Outcome 2 Sensitivity analysis (excluding
Kobashigawa 1999).
Review:

Exercise-based cardiac rehabilitation in heart transplant recipients

Comparison: 1 Exercise versus no-exercise
Outcome: 2 Sensitivity analysis (excluding Kobashigawa 1999)

Study or subgroup

Experimental
(mL/kg/min)

Mean
Difference

Control (mL/kg/min)

Weight

N

Mean(SD)

N

Mean(SD)

13

19.61 (2.34)

11

15.6 (5.84)

6.0 %

4.01 [ 0.33, 7.69 ]

9

19.4 (5.5)

7

16.8 (2.8)

4.7 %

2.60 [ -1.55, 6.75 ]

Haykowsky 2009

22

3.43 (3.3)

21

0.04 (2.2)

29.1 %

3.39 [ 1.72, 5.06 ]

Hermann 2011

14

28.3 (6.1)

13

23.4 (5.7)

4.1 %

4.90 [ 0.45, 9.35 ]

Nytr en 2012

24

30.9 (5.3)

24

28 (6.7)

6.9 %

2.90 [ -0.52, 6.32 ]

Pascoalino 2015

33

23.2 (6.68)

9

20.1 (4.5)

5.9 %

3.10 [ -0.62, 6.82 ]

8

20.1 (4.2)

12

18.5 (2.8)

7.4 %

1.60 [ -1.71, 4.91 ]

14

1 (2.5)

23

-0.5 (1.8)

35.9 %

1.50 [ 0.00, 3.00 ]

Bernardi 2007
Braith 2008

Tegtbur 2003
Wu 2008

Total (95% CI)

137

IV,Fixed,95% CI

Mean
Difference
IV,Fixed,95% CI

100.0 % 2.59 [ 1.69, 3.49 ]

120

Heterogeneity: Chi2 = 4.96, df = 7 (P = 0.66); I2 =0.0%
Test for overall effect: Z = 5.64 (P < 0.00001)
Test for subgroup differences: Not applicable
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Analysis 1.3. Comparison 1 Exercise versus no-exercise, Outcome 3 Sensitivity analysis (excluding Wu
2008).
Review:

Exercise-based cardiac rehabilitation in heart transplant recipients

Comparison: 1 Exercise versus no-exercise
Outcome: 3 Sensitivity analysis (excluding Wu 2008)

Study or subgroup

Experimental
(mL/kg/min)

Mean
Difference

Control (mL/kg/min)

Weight

N

Mean(SD)

N

Mean(SD)

13

19.61 (2.34)

11

15.6 (5.84)

8.3 %

4.01 [ 0.33, 7.69 ]

9

19.4 (5.5)

7

16.8 (2.8)

6.5 %

2.60 [ -1.55, 6.75 ]

Haykowsky 2009

22

3.43 (3.3)

21

0.04 (2.2)

40.4 %

3.39 [ 1.72, 5.06 ]

Hermann 2011

14

28.3 (6.1)

13

23.4 (5.7)

5.7 %

4.90 [ 0.45, 9.35 ]

Kobashigawa 1999

14

13.6 (4.75)

13

12.3 (3.65)

11.1 %

1.30 [ -1.88, 4.48 ]

Nytr en 2012

24

30.9 (5.3)

24

28 (6.7)

9.6 %

2.90 [ -0.52, 6.32 ]

Pascoalino 2015

33

23.2 (6.68)

9

20.1 (4.5)

8.1 %

3.10 [ -0.62, 6.82 ]

8

20.1 (4.2)

12

18.5 (2.8)

10.2 %

1.60 [ -1.71, 4.91 ]

Bernardi 2007
Braith 2008

Tegtbur 2003

Total (95% CI)

137

IV,Fixed,95% CI

Mean
Difference
IV,Fixed,95% CI

100.0 % 2.99 [ 1.93, 4.05 ]

110

Heterogeneity: Chi2 = 3.02, df = 7 (P = 0.88); I2 =0.0%
Test for overall effect: Z = 5.52 (P < 0.00001)
Test for subgroup differences: Not applicable
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Analysis 1.4. Comparison 1 Exercise versus no-exercise, Outcome 4 Sensitivity analysis (excluding
Kobashigawa 1999 and Wu 2008).
Review:

Exercise-based cardiac rehabilitation in heart transplant recipients

Comparison: 1 Exercise versus no-exercise
Outcome: 4 Sensitivity analysis (excluding Kobashigawa 1999 and Wu 2008)

Study or subgroup

Experimental
(mL/kg/min)

Mean
Difference

Control (mL/kg/min)

Weight

N

Mean(SD)

N

Mean(SD)

13

19.61 (2.34)

11

15.6 (5.84)

9.4 %

4.01 [ 0.33, 7.69 ]

9

19.4 (5.5)

7

16.8 (2.8)

7.4 %

2.60 [ -1.55, 6.75 ]

Haykowsky 2009

22

3.43 (3.3)

21

0.04 (2.2)

45.4 %

3.39 [ 1.72, 5.06 ]

Hermann 2011

14

28.3 (6.1)

13

23.4 (5.7)

6.4 %

4.90 [ 0.45, 9.35 ]

Nytr en 2012

24

30.9 (5.3)

24

28 (6.7)

10.8 %

2.90 [ -0.52, 6.32 ]

Pascoalino 2015

33

23.2 (6.68)

9

20.1 (4.5)

9.1 %

3.10 [ -0.62, 6.82 ]

8

20.1 (4.2)

12

18.5 (2.8)

11.5 %

1.60 [ -1.71, 4.91 ]

Bernardi 2007
Braith 2008

Tegtbur 2003

Total (95% CI)

123

IV,Fixed,95% CI

Mean
Difference
IV,Fixed,95% CI

97

100.0 % 3.20 [ 2.08, 4.33 ]

Heterogeneity: Chi2 = 1.80, df = 6 (P = 0.94); I2 =0.0%
Test for overall effect: Z = 5.58 (P < 0.00001)
Test for subgroup differences: Not applicable
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Analysis 2.1. Comparison 2 High-intensity interval training versus continued moderate-intensity exercise,
Outcome 1 Exercise capacity (VO2peak).
Review:

Exercise-based cardiac rehabilitation in heart transplant recipients

Comparison: 2 High-intensity interval training versus continued moderate-intensity exercise
Outcome: 1 Exercise capacity (VO2peak )

Study or subgroup

Experimental
(mL/kg/min)

Dall 2014

Total (95% CI)

Mean
Difference

Control (mL/kg/min)

N

Mean(SD)

N

Mean(SD)

16

4.9 (2.7)

16

2.6 (2.2)

16

Mean
Difference

Weight

IV,Fixed,95% CI

IV,Fixed,95% CI
100.0 %

16

2.30 [ 0.59, 4.01 ]

100.0 % 2.30 [ 0.59, 4.01 ]

Heterogeneity: not applicable
Test for overall effect: Z = 2.64 (P = 0.0083)
Test for subgroup differences: Not applicable
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ADDITIONAL TABLES
Table 1. All-cause withdrawal/drops out at follow-up

Study
Bernardi 2007

Braith 2008

Dall 2014

Haykowsky 2009

Number randomised

Number lost at follow-up*

Notes

Intervention

13

NR

NR

Control

11

NR

NR

Intervention

10

1

1 withdrew due to illness

Control

10

3

3 participants not included in the final analysis due to non-compliance
with testing regimen

Intervention

17

1

Control

17

1

1 participant had insufficient exercise testing (respiratory exchange ratio (RER) < 0.85) and was an outlier
on several parameters, and thus excluded from the main analyses (crossover design)

Intervention

22

1

1 participant withdrew due to illness
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Table 1. All-cause withdrawal/drops out at follow-up

Hermann 2011

Kobashigawa 1999

Nytrøen 2012

Pascoalino 2015

Tegtbur 2003

Wu 2008

(Continued)

Control

21

2

2 participants requested not to perform the post-intervention assessments

Intervention

15

1

1 participant withdrew due to illness
(1 additional participant lost to echo
follow-up)

Control

15

2

1 participant withdrew due to illness; 1 withdrew consent (3 additional participants lost to echo follow-up)

Intervention

14

NR

NR

Control

13

NR

NR

Intervention

26

2

2 participants withdrew due to illness

Control

26

2

1 participant withdrew due to illness;
1 lost to follow-up (missing exercise
capacity test)

Intervention

33

2

1 participant withdrew consent; 1
lost to follow-up

Control

9

0

0 participants were lost to follow-up

Intervention

16

8

2 participants declined participation
due to personal reasons; 2 were excluded due to illness; 4 dropped out
during the intervention due to personal reasons (N = 3) or orthopaedic
impairment (N = 1)

Control

15

3

2 participants declined participation
due to personal reasons; 1 excluded
due to illness

Intervention

14

2

2 participants dropped out after evaluation. In addition, 4 participants in
the exercise group changed over to
the control group after randomisation. Analyses conducted using the
latter group allocation and not original randomised groups
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Table 1. All-cause withdrawal/drops out at follow-up

Combined results

(Continued)

Control

23

4

4 participants dropped out: 2 due
to renal problem/anaemia; 2 for personal reasons

Intervention

180

18

10.0%

Control

160

17

10.6%

* All causes of drop out from follow-up included (including mortality)
NR = not reported

Table 2. Summary of health-related quality of life (HRQoL) scores at follow-up

Measure of HRQoL

Mean (SD) outcome values at follow-up

P value

Difference between groups

High-intensity interval Continued moderatetraining
intensity training
Dall 2014
SF-36 at 3 months follow-up
Physical functioning

83.1 (15.9)

83.1 (15.5)

NS

HIIT = CON

Physical performance

84.4 (25.6)

83.1 (15.5)

NS

HIIT = CON

Bodily pain

85.2 (17.0)

83.1 (18.2)

NS

HIIT = CON

General health

65.6 (16.4)

65.5 (12.7)

NS

HIIT = CON

Vitality

77.2 (15.5)

78.4 (12.6)

NS

HIIT = CON

Social functioning

95.3 (11.1)

96.1 (7.5)

NS

HIIT = CON

Emotional performance

89.6 (20.1)

91.7 (22.8)

NS

HIIT = CON

Mental health

89.3 (7.4)

89.3 (5.8)

NS

HIIT = CON

Mental component

89.3 (7.4)

90.0 (6.6)

NS

HIIT = CON

Physical component

76.4 (11.8)

77.5 (8.9)

NS

HIIT = CON

Measure of HRQoL

Mean (SD) outcome values at follow-up

P value

Difference between groups

Exercise

Usual care
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Table 2. Summary of health-related quality of life (HRQoL) scores at follow-up

(Continued)

Nytrøen 2012
SF-36 at 6 months follow-up
Physical functioning

NR

NR

*NS

Exercise = Comparator

Physical performance

NR

NR

*NS

Exercise = Comparator

Bodily pain

NR

NR

*NS

Exercise = Comparator

General health

54

49

P < 0.05

Exercise > Comparator

Vitality

NR

NR

*NS

Exercise = Comparator

Social functioning

NR

NR

*NS

Exercise = Comparator

Emotional performance

NR

NR

*NS

Exercise = Comparator

Mental health

NR

NR

*NS

Exercise = Comparator

Mental component

NR

NR

*NS

Exercise = Comparator

Physical component

NR

NR

*NS

Exercise = Comparator

Tegtbur 2003
**Profile of quality of life in the chronically ill (PLC)
Physical function

NR

NR

P < 0.05

Exercise > Comparator

Psychological function

NR

NR

NS

Exercise = Comparator

Positive mood

NR

NR

NS

Exercise = Comparator

Negative mood

NR

NR

NS

Exercise = Comparator

Social function

NR

NR

NS

Exercise = Comparator

Social well being

NR

NR

NS

Exercise = Comparator

Physical well being

NR

NR

P < 0.01

Exercise > Comparator

NS

Exercise = Usual care

Wu 2008
World Health Organization Quality of Life (WHOQoL) - BREF
Physical domain

13.84 (1.78)

13.64 (2.11)
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Table 2. Summary of health-related quality of life (HRQoL) scores at follow-up

Psychological domain

(Continued)

13.33 (1.85)

14.00 (2.45)

NS

Exercise = Usual care

Social relationship do- 13.90 (2.49)
main

14.55 (1.88)

NS

Exercise = Usual care

Environment domain

14.30 (2.10)

NS

Exercise = Usual care

14.00 (2.30)

CON = continued moderate-intensity exercise
HIIT = high-intensity interval training
NR = not reported
NS = Not significant
* There were no significant changes in any of the sum-scores (data not shown)
** Values reported graphically, with higher values indicating a better self-assessment of quality of life

APPENDICES
Appendix 1. Search strategies
Cochrane Library
#1 MeSH descriptor: [Exercise Therapy] explode all trees
#2 MeSH descriptor: [Sports] explode all trees
#3 MeSH descriptor: [Physical Exertion] explode all trees
#4 rehabilitat*
#5 (physical* near (fit* or train* or therap* or activit*))
#6 MeSH descriptor: [Exercise] explode all trees
#7 (train*) near (strength* or aerobic* or exercise*)
#8 ((exercise* or fitness) near/3 (treatment or intervent* or program*))
#9 MeSH descriptor: [Rehabilitation] explode all trees
#10 kinesiotherap*
#11 MeSH descriptor: [Physical Education and Training] explode all trees
#12 (run* or walk* or jog* or danc*)
#13 ((lifestyle or life-style) near/5 (interven* or program* or treatment*))
#14 MeSH descriptor: [Dance Therapy] this term only
#15 MeSH descriptor: [Patient Education as Topic] this term only
#16 (patient* near/5 educat*)
#17 ((lifestyle or life-style) near/5 (interven* or program* or treatment*))
#18 MeSH descriptor: [Self Care] this term only
#19 (self near/5 (manag* or care or motivate*))
#20 MeSH descriptor: [Psychotherapy] explode all trees
#21 psychotherap*
#22 (psycholog* near/5 intervent*)
#23 MeSH descriptor: [Counseling] this term only
#24 (counselling or counseling)
#25 ((behavior* or behaviour*) near/5 (modify or modificat* or therap* or change))
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#26 (psycho-educat* or psychoeducat*)
#27 (motivat* near/5 (intervention or interv*))
#28 MeSH descriptor: [Health Education] this term only
#29 (health near/5 educat*)
#30 (psychosocial or psycho-social)
#31 (cognitive near/2 behav*)
#32 #1 or #2 or #3 or #4 or #5 or #6 or #7 or #8 or #9 or #10 or #11 or #15 or #16 or #17 or #18 or #19 or #20 or #21 or #22 or #
23 or #24 or #25 or #26 or #27 or #28 or #29 or #30 or #31
#33 MeSH descriptor: [Heart Transplantation] explode all trees
#34 (heart near/2 transplant*)
#35 (cardiac near/2 transplant*)
#36 heart next graft*
#37 #33 or #34 or #35 or #36
#38 #32 and #37

MEDLINE Ovid
1. exp Exercise Therapy/
2. Sports/
3. Physical Exertion/
4. rehabilitat*.mp.
5. (physical* adj5 (fit* or train* or therap* or activit*)).mp.
6. exp Exercise/
7. (train* adj5 (strength* or aerobic* or exercise*)).tw.
8. ((exercise* or fitness) adj3 (treatment or intervent* or program*)).tw.
9. exp Rehabilitation/
10. kinesiotherap*.tw.
11. “Physical Education and Training”/
12. (run* or walk* or jog* or danc*).tw.
13. ((“lifestyle” or life-style) adj5 (physical* or activ*)).tw.
14. Dance Therapy/
15. Patient Education as Topic/
16. (patient* adj5 educat*).tw.
17. ((lifestyle or life-style) adj5 (interven* or program* or treatment*)).tw.
18. Self Care/
19. (self adj5 (manag* or care or motivate*)).tw.
20. exp Psychotherapy/
21. psychotherap*.tw.
22. (psycholog* adj5 intervent*).tw.
23. Counseling/
24. (counselling or counseling).tw.
25. ((behavior* or behaviour*) adj5 (modify or modificat* or therap* or change)).tw.
26. (psycho-educat* or psychoeducat*).tw.
27. (motivat* adj5 (intervention or interv*)).tw.
28. Health Education/
29. (health adj5 educat*).tw.
30. (psychosocial or psycho-social).tw.
31. (cognitive adj2 behav*).tw.
32. or/1-31
33. exp Heart Transplantation/
34. (heart adj2 transplant*).tw.
35. (cardiac adj2 transplant*).tw.
36. heart graft*.tw.
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37. or/33-36
38. 32 and 37
39. randomized controlled trial.pt.
40. controlled clinical trial.pt.
41. randomized.ab.
42. placebo.ab.
43. drug therapy.fs.
44. randomly.ab.
45. trial.ab.
46. groups.ab.
47. 39 or 40 or 41 or 42 or 43 or 44 or 45 or 46
48. exp animals/ not humans.sh.
49. 47 not 48
50. 38 and 49

Embase Ovid
1. exp kinesiotherapy/
2. exp sport/
3. exp exercise/
4. rehabilitat*.tw.
5. (physical* adj5 (fit* or train* or therap* or activit*)).tw.
6. (train* adj5 (strength* or aerobic* or exercise*)).tw.
7. ((exercise* or fitness) adj3 (treatment or intervent* or program*)).tw.
8. exp rehabilitation/
9. kinesiotherap*.tw.
10. (run* or walk* or jog* or danc*).tw.
11. ((“lifestyle” or life-style) adj5 (physical* or activ*)).tw.
12. dance therapy/
13. patient education/
14. (patient* adj5 educat*).tw.
15. ((lifestyle or life-style) adj5 (interven* or program* or treatment*)).tw.
16. self care/
17. (self adj5 (manag* or care or motivate*)).tw.
18. exp psychotherapy/
19. psychotherap*.tw.
20. (psycholog* adj5 intervent*).tw.
21. counseling/
22. (counselling or counseling).tw.
23. ((behavior* or behaviour*) adj5 (modify or modificat* or therap* or change)).tw.
24. (psycho-educat* or psychoeducat*).tw.
25. (motivat* adj5 (intervention or interv*)).tw.
26. health education/
27. (health adj5 educat*).tw.
28. (psychosocial or psycho-social).tw.
29. (cognitive adj2 behav*).tw.
30. or/1-29
31. exp heart transplantation/
32. (heart adj2 transplant*).tw.
33. (cardiac adj2 transplant*).tw.
34. heart graft*.tw.
35. or/31-34
36. 30 and 35
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37. random$.tw.
38. factorial$.tw.
39. crossover$.tw.
40. cross over$.tw.
41. cross-over$.tw.
42. placebo$.tw.
43. (doubl$ adj blind$).tw.
44. (singl$ adj blind$).tw.
45. assign$.tw.
46. allocat$.tw.
47. volunteer$.tw.
48. crossover procedure/
49. double blind procedure/
50. randomized controlled trial/
51. single blind procedure/
52. 37 or 38 or 39 or 40 or 41 or 42 or 43 or 44 or 45 or 46 or 47 or 48 or 49 or 50 or 51
53. (animal/ or nonhuman/) not human/
54. 52 not 53
55. 36 and 54

CINAHL
S55 S36 AND S54
S54 S37 or S38 or S39 or S40 or S41 or S42 or S43 or S44 or S45 or S46 or S47 or S48 or S49 or S50 or S51 or S52 or S53
S53 TX cross-over*
S52 TX crossover*
S51 TX volunteer*
S50 (MH “Crossover Design”)
S49 TX allocat*
S48 TX control*
S47 TX assign*
S46 TX placebo*
S45 (MH “Placebos”)
S44 TX random*
S43 TX (doubl* N1 mask*)
S42 TX (singl* N1 mask*)
S41 TX (doubl* N1 blind*)
S40 TX (singl* N1 blind*)
S39 TX (clinic* N1 trial?)
S38 PT clinical trial
S37 (MH “Clinical Trials+”)
S36 S30 AND S35
S35 S31 OR S32 OR S33 OR S34
S34 “heart graft*”
S33 cardiac N2 transplant*
S32 heart N2 transplant*
S31 (MH “Heart Transplantation+”)
S30 S1 OR S2 OR S3 OR S4 OR S5 OR S6 OR S7 OR S8 OR S9 OR S10 OR S11 OR S12 OR S13 OR S14 OR S15 OR S16 OR
S17 OR S18 OR S19 OR S20 OR S21 OR S22 OR S23 OR S24 OR S25 OR S26 OR S27 OR S28 OR S29
S29 (cognitive N2 behav*)
S28 (psychosocial or psycho-social)
S27 (health N5 educat*)
S26 (MH “Health Education”)
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S25 (motivat* N5 (intervention or interv*))
S24 psycho-educat* or psychoeducat*
S23 ((behavior* or behaviour*) N5 (modify or modificat* or therap* or change))
S22 counselling or counseling
S21 (MH “Counseling+”)
S20 (psycholog* N5 intervent*)
S19 psychotherap*
S18 (MH “Psychotherapy+”)
S17 (self N5 (manag* or care or motivate*))
S16 (MH “Self Care+”)
S15 ((lifestyle or life-style) N5 (interven* or program* or treatment*))
S14 patient* N5 educat*
S13 (MH “Dance Therapy”)
S12 ((“lifestyle” or life-style) N5 (physical* or activ*))
S11 (run* or walk* or jog* or danc*)
S10 kinesiotherap*
S9 (MH “Rehabilitation+”)
S8 ((exercise* or fitness) N3 (treatment or intervent* or program*))
S7 (train* N5 (strength* or aerobic* or exercise*))
S6 physical* N5 (fit* or train* or therap* or activit*)
S5 rehabilitat*
S4 (MH “Exertion+”)
S3 (MH “Physical Activity”)
S2 (MH “Sports+”)
S1 (MH “Therapeutic Exercise+”)
Web of Science
# 8 #7 AND #6
# 7 TS=(random* or blind* or allocat* or assign* or trial* or placebo* or crossover* or cross-over*)
# 6 #5 AND #4
# 5 TS=(“heart transplant*” or “cardiac transplant*” or “heart graft*”)
# 4 #3 OR #2 OR #1
# 3 TS=(psychotherap* or psycholog* or counselling or counseling or behavior* or behaviour* or psycho-educat* or psychoeducat* or
motivat* or psychosocial or psycho-social or cognitive)
# 2 TS=(“self manag*” or “self car*” or “self motivat*”)
# 1 TS=(rehabilitat* or physical* or fit* or train* or exercise* or fitness or kinesiotherap* or run* or walk* or jog* or danc* or “lifestyle”
or life-style or sport*)
WHO ICTRP
exercise AND “heart transplant”
training AND “heart transplant”
Clinicaltrials.gov
exercise AND “heart transplant”
training AND “heart transplant”
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DIFFERENCES BETWEEN PROTOCOL AND REVIEW
We conducted this systematic review according to the published protocol (Anderson 2016a).
However, the objectives of this review differ from those described in the protocol. In the review ‘morbidity’ was replaced by ‘adverse
events’ and ‘costs’ was added, in order to better reflect the outcome measures being collected.
Also, due to the small number of included studies, we were unable to stratify meta-analysis of outcomes according to the length of trial
duration, or to undertake univariate meta-regression to explore heterogeneity and examine potential treatment effect modifiers.
In addition to searching CPCI-S on the Web of Science, as described in the protocol, the search was expanded to the core collection
for the purposes of this review.
The protocol states that we would assess the risk of bias of blinding of participants and personnel. However, do to the nature of the
intervention, this review assessed blinding of outcome assessors instead.
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The protocol states that we would extract data on funding and notable conflicts of interest of trial authors. Instead, we assessed the risk
of bias due to funding or conflicts of interest for each study and reported our assessment in the risk of bias tables.

INDEX TERMS
Medical Subject Headings (MeSH)
∗ Exercise; ∗ Exercise

Tolerance; Cardiac Rehabilitation [∗ methods]; Heart Transplantation [∗ rehabilitation]; High-Intensity Interval
Training; Physical Conditioning, Human [∗ methods]; Quality of Life; Randomized Controlled Trials as Topic

MeSH check words
Female; Humans; Male; Middle Aged
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