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Reduced exercise capacity can predispose solid organ transplant (SOT) recipients
to higher risk of diabetes, cardiovascular complications, and mortality and impact
their quality of life. This systematic review and meta-analysis investigated the
effects of exercise training (versus no training) in adult SOT recipients. We con-
ducted an electronic search of randomized controlled trials reporting on exercise
interventions in SOT recipients. Primary outcomes were exercise capacity, quadri-
ceps muscle strength, and health-related quality of life (HRQoL). Twenty-nine
articles met the inclusion criteria. In 24 studies, there were either high risk of bias
or some concerns about the potential risk of bias. There was an increase in exer-
cise capacity (VO, peak) (SMD: 0.40; 95%CI 0.22-0.57; P = 0.0) and quadriceps
muscle strength (SMD: 0.38; 95%CI 0.16-0.60; P = 0.001) in the exercise vs con-
trol groups. There were also improvements in several domains of the SF-36. Dias-
tolic blood pressure improved in the exercise group compared to controls (SMD:
—0.22; 95%CI —0.41-0.03; P = 0.02). Despite the considerable variation in exer-
cise training characteristics and high risk of bias in the included studies, exercise
training improved maximal exercise capacity, quadriceps muscle strength, HRQoL,
and diastolic blood pressure and should be an essential part of the post-transplant
care.
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Although transplantation provides individuals with end-
stage diseases of the heart, lung, kidney, pancreas, or
liver with a second chance of life and the opportunity
to regain physical function and improve their health-re-
lated quality of life (HRQoL), these individuals continue
to experience impaired exercise capacity [1] and low
levels of physical activity (PA) [2,3] after transplanta-
tion. Impaired exercise capacity and low levels of PA
can predispose transplant recipients to a higher risk of
diabetes, cardiovascular complications, and mortality
[4,5], and impact their HRQoL and ability to return to
work [1,6,7].

Exercise training improves exercise capacity, muscle
strength, glycemic control, and cardiovascular risk fac-
tors across many chronic diseases [8]. In recent years,
there has been an increased number of publications on
exercise interventions following solid organ transplanta-
tion (SOT) [9,10]. Most of these studies are limited by
small sample size and were conducted on recipients of a
single transplant type (i.e., organ specific) [9]. The liter-
ature across transplant types suggests that exercise intol-
erance is not completely related to the pretransplant
condition and that many of the factors that affect exer-
cise capacity following transplant are common across
transplant types [1]. These factors include decondition-
ing, skeletal muscle dysfunction, episodes of organ rejec-
tion, effects of immunosuppressant
medications [1].

Available systematic reviews on the effects of exercise
training in SOT have generally focused on one type of
transplant [11-16]. In contrast, a 2013 systematic review
and meta-analysis by Did bury et al. [17] included 15
randomized controlled trials (RCTs) covering all SOT
recipient types and most of the relevant outcomes.
However, the authors were able to conduct meta-analy-
sis on only one outcome (maximum oxygen consump-
tion (VO, max) and subgroup analysis only in heart
transplant studies. Our preliminary search yielded at
least 10 new RCTs since Didsbury et al.’s publication
[17], suggesting it is timely to conduct an update of this
work. Our primary objective is to investigate the effects
of exercise training (versus no training) on maximal or
functional exercise capacity, quadriceps muscle strength,
and health-related quality of life (HRQoL) across the
SOT types. A secondary objective is to investigate the
effects of exercise training on cardiovascular risk factors,
body composition, bone mineral density (BMD), sys-
temic inflammation, anxiety and depression, physical
activity, physical function, activities of daily living

and side
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(ADL), return to work, healthcare utilization, adherence
to the exercise program, and adverse events. The ulti-
mate goal of our systematic review is to inform best
practice in transplant rehabilitation and future research
in the area of exercise in SOT.

The PRISMA guidelines for reporting systematic reviews
[18] were followed and fulfilled. We registered our pro-
tocol on PROSPERO (International Prospective Register
for  Systematic  Reviews)  (registration number:
CRD42016050648).

Search strategy

In collaboration with the research team, a health sciences
librarian developed a search strategy to identify random-
ized controlled trials reporting on exercise interventions
in heart, lung, kidney, liver, and pancreas transplant
recipients (supporting document). The MEDLINE
(Ovid) strategy was then adapted for Embase (Ovid),
CINAHL, and Cochrane Central Register of Controlled
Trials from inception to May 1, 2019. We did not limit
the search by language or by year of publication [19].
ClinicalTrials.gov was used to identify clinical trials that
were under way or recently completed. References of
included studies and pertinent reviews [11,17,20] were
hand-searched by one investigator, and forward searches
for older studies (prior to 2014) were performed. The
results were compiled, and duplicates removed using
EndNote X9 (EndNote, Clarivate Analytics, Boston, MA)
and Covidence systematic review software [21].

Inclusion criteria

To be eligible, published RCTs needed to meet the fol-
lowing “PICOT” criteria [22]:

1. Population: Adults recipients (> 18 years) of any
solid organ transplant (SOT) (heart, lung, kidney, pan-
creas, or liver).

2. Intervention: any inpatient, outpatient, or home-
based exercise program that lasted more than 3 weeks.
3. Comparison: Nonexercise program or a sham inter-
vention (i.e., flexibility exercises or education).

4. Outcomes: Our primary outcomes were maximal or
functional exercise capacity, quadriceps muscle strength,
and HRQoL. Any HRQoL measure used in the articles
was considered. We defined “maximal exercise capacity”
as the peak exercise capacity measured using an incre-
mental exercise test (treadmill or cycle ergometer).
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Functional exercise capacity was defined as the results
of field walking tests (e.g., six-minute walk test). Any
measure of quadriceps muscle strength was considered.

Our secondary outcomes included cardiovascular risk
factors (blood pressure, fasting glucose, cholesterol, and
triglycerides), body composition (fat mass, fat-free mass,
body mass index (BMI), and bone mineral density
(BMD)), systemic inflammation (IL-6 and TNF-alpha),
anxiety and depression, measurements of physical activ-
ity measured either with a questionnaire or an activity
monitor/pedometer, physical function, ADL, return to
work, healthcare utilization (defined as family doctor
visits, emergency visits, and hospital length of stay),
adherence to the exercise program, and adverse events.
5Time: The intervention could have been offered any
time post-transplant.

Exclusion criteria

Studies that compared two types of exercise training
programs with no nonexercise control group were
excluded. We also excluded nonrandomized trials, con-
ference abstracts, articles published in nonpeer-reviewed
journals, and in languages other than English, French,
Spanish, or Portuguese.

Screening process and data extraction

Two researchers independently screened all titles and
abstracts identified by the literature searches using Covi-
dence software [21]. The same pair of reviewers applied
the inclusion/exclusion criteria on the full text of the
potentially eligible studies. Disagreements were resolved
by consensus between the two reviewers. Reasons for
exclusion of ineligible studies were recorded. Data
extraction and verification were carried out by two
reviewers and entered onto a standardized data extrac-
tion spreadsheet in Microsoft Excel. Details about study
design, patient characteristics, details about the inter-
ventions, and primary and secondary outcomes were
recorded. Discrepancies were resolved by consensus.
When multiple articles reported different outcomes
from the same study, this was noted on the tables.
Authors of the primary studies were contacted when
additional data were needed.

Assessing the risk of bias

Two reviewers independently assessed included RCTs
for risk of bias using the criteria outlined in the RoB 2

tool, a revised Cochrane risk of bias tool for
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randomized trials [23], and includes the following

domains: randomization process, deviation from
intended interventions, missing outcome data, measure-
ment of the outcomes, and incomplete outcome data.
Disagreements on quality assessments were resolved by

consensus in consultation with a third team member.

Data analysis and synthesis

Meta-analyses were performed when data of four or
more studies were available [24]. Only data collected
before and immediately after the training period were
included in the meta-analysis. All analyses were done
using Stata 15.1 (StataCorp, Texas). The effect size for
each study was expressed as standardized mean differ-
ences (SMD) The SMD
allowed the comparison of study effect even when the
tools used to measure the outcomes were in different
units. Studies were weighted using sample size. The
meta-analyses used the fixed effects model with inverse
variance method. Heterogeneity was assessed using I*
statistic.

For each study, all outcomes reported were treated as
separate data points; several studies provided data on
more than one outcome. Because measures from the
same study are not independent from one another, the
P-values were adjusted using Huber’s formula as avail-
able in Stata [25]. Subgroup analyses (by level of super-
vision, timing post-transplant, frequency of the training,
duration of the program, and type of training) were
conducted when three or more studies contributed to a
subgroup. Exercise training programs that lasted less
than 3 months were considered as “short duration” and
if they lasted more than 3 months as “long duration.”
Similarly, exercise training offered 3 times a week or less
were considered as “less frequent” and those offered
more than 3 times a week were considered as “more
frequent.” Exercise training programs that commenced
within 12 months of transplantation were considered
“early post-transplant” while those offered after
12 months post-transplant were considered “late post-
transplant.” None of the analysis showed significant
heterogeneity as indicated by I* with P-values > 0.05.

for continuous outcomes.

Search results

1490 unique manuscripts were identified by our search
strategy of which 29 met our inclusion criteria. (Fig. 1).
Twenty-one of the publications were unique studies.
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Figure 1 Study flow from identification to final inclusion of studies.

Eight of the publications [26-33] were reports of differ-
ent outcomes from one of the 21 unique studies.
Table 1 shows the characteristics of the studies. Seven
hundred thirty-six patients were randomized to either
an intervention exercise group or a control group where
no exercise was expressly prescribed. Eleven of the 21
unique studies included recipients of a kidney trans-
plant, six studied heart transplant recipients, two
included lung transplant recipients, and two examined
liver transplant recipients (Table 1). No study in pan-
creas transplant recipients was found.

Risk of bias assessment

Table 2 reports the risk of bias of the included RCTs.
In the domain of measurement of outcomes, most stud-
ies were judged to be of high bias, since it was not
known whether the outcome assessors were aware of
the group to which the participants were randomized.
Eight studies [26,34-40] were judged to have a high risk
of bias, and in another sixteen there were some con-
cerns about the potential for bias, usually because the
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necessary information was not included in the article.
Five studies were judged to have a low risk of bias
[29,33,41-43].

Exercise interventions

The exercise interventions varied in their delivery with
two designed for patients to carry out the exercise at
home, 17 were completely based at a central supervised
location, and two used a combination of these strategies
(Table 3). Seven programs included only aerobic train-
ing  [41,43-48], six only resistance training
[35,37,40,41,49,50], and nine used a combination of
both types of training [34,36,38,39,42,51-54]. The fre-
quency of training sessions varied between two and five
times a week and programs lasted from 8 to 52 weeks
in length. The timing of the intervention (number of
years since transplantation) also varied across studies,
ranging from one-week post-op [49] to approximately
seven years post-transplant [47]. The majority of the
studies measured outcomes immediately after the train-
ing period, and three studies also measured outcomes at
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Table 2. Risk of bias of the included studies

Exercise training in adult solid organ transplant recipients

Domain
1 2 3 4 5 | Overall bias

Study
KIDNEY
Leasure 1995 [ @ = high risk
Painter 2002 . = some concerns
Painter 2003 = some concerns
Juskowa 2006 . =some concerns
Kouidi 2013 ! = some concerns
Pooranfar 2014 ® o @ = high risk
Riess 2014 . = some concerns
Tzvetanov 2014 ® O @ = high risk
Greenwood 2015 = low risk
0'Connor 2017 = low risk
Karelis 2016 . = some concerns
Shakoor 2013 ® e @ = high risk
Eatemadololama 2017 ® O @ = high risk
HEART
Bernardi 2007 . =some concerns
Braith 2008 . =some concerns
Pierce 2008 [ @ = high risk
Haykowsky 2009 [ = some concerns
Hermann 2011 [ = some concerns
Christensen 2012 [ ] = some concerns
Monk-Hansen 2014 [ ] = some concerns
Nytrgen 2012 . = some concerns
Nytrgen 2013 = low risk
Rustad 2014 . = some concerns
Yardley 2017 . = some concerns
Pascoalino 2015 = low risk
LUNG
Mitchell 2003 [ @ - high risk
Langer 2012 = low risk
LIVER
Basha 2015 [ @ = high risk
Moya-Najera 2017 . =some concerns

1: randomization process; 2: deviation from intended interventions; 3: missing outcome data; 4:
measurement of the outcomes; 5: incomplete outcome data.

= low risk;

= some concerns; @ = high risk.

a later timepoint (one or five years) [30,33,42] to assess
maintenance of the training outcomes.

Primary outcomes

Maximal exercise capacity (VO, peak)

Thirteen studies [41-48,50-54] assessed maximal exercise
capacity (VO, peak) immediately after the training per-
iod. All of these studies had a component of aerobic
training in their program except the study by Karelis
et al. [50] which only included resistance training. Two
studies [30,33] measured VO, peak at 9-month and 5-

Transplant International 2021; 34: 801-824
© 2021 Steunstichting ESOT. Published by John Wiley & Sons Ltd

year follow-up. To reduce clinical heterogeneity, only
studies that measured VO, peak immediately after the
training period were included in the meta-analysis.
There was an increase in VO, peak after the training
period (SMD: 0.40; 95%CI 0.22-0.57; P = 0.0; n = 521;
13 trials (Fig. 2).

Subgroup analysis with VO, peak data

Type of training

Only studies that offered aerobic exercise alone (SMD:
0.47; 95%CI 0.22-0.71; P < 0.001; n = 283; 7 trials) and
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Exercise training in adult solid organ transplant recipients
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Figure 2 Effects of exercise training on peak exercise capacity (VO, peak).

a combination of aerobic with resistance training (SMD:
0.32; 95%CI 0.03-0.61; P = 0.03; n = 185; 5 trials)
showed improvements in VO, peak (Fig. 3a).

Duration

Exercise training programs with both short (less than
3 months) (SMD: 0.37; 95%CI 0.12-0.62; P = 0.004;
n=261; 7 trials) and long durations (more than
3 months) (SMD: 0.43; 95%CI 0.18-0.67; P = 0.001;
n = 260; 6 trials) were associated with improvements in
VO, peak (Fig. 3b).

Frequency

Exercise training programs that were both less frequent
(3 times a week or less) (SMD: 0.36; 95%CI 0.12-0.59;
P =0.002; n = 305; 8 trials) and more frequent (more
than 3 times a week) (SMD: 0.45; 95%CI 0.18-0.72;
P =0.001; n=216; 5 trials) were significantly associ-
ated with improvements in VO, peak (Fig. 3c).

Transplant International 2021; 34: 801-824
© 2021 Steunstichting ESOT. Published by John Wiley & Sons Ltd

Time post-transplant

Exercise training programs that commenced early
(within 12 months) (SMD: 0.34; 95%CI 0.11-0.56;
P =0.003; n=2309; 7 trials) and late (more than
12 months) (SMD: 0.49; 95%CI 0.21-0.77; P = 0.001;
n = 212; 6 trials) post-transplant were significantly asso-
ciated with improvements in VO, peak (Fig. 3d).

Level of supervision

Only supervised exercise programs were effective in
improving VO2 peak (SMD: 0.39; 95%CI 0.21-0.57;
P =0.000; n = 497; 12 trials). However, only one study
[45] offered an unsupervised program (Fig. 3e).

Functional exercise capacity

Only one study included a measure of functional exercise
capacity [42]. Langer ef al. observed a statistically signifi-
cant difference between groups in 6-minute-walk
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Figure 3 (a) Subgroup analyses of the VO, peak by type of training. (b) Subgroup analyses of the VO, peak by duration of the program. (c)
Subgroup analyses of the VO, peak by frequency of the training. (d) Subgroup analyses of the VO, peak by timing post-transplant. (e) Sub-

group analyses of the VO, peak by level of supervision.

distance (mean difference of 9 meters (% predicted))
immediately following the exercise training intervention
(3 months after hospital discharge from lung transplan-
tation), and this improvement was maintained at the 12-
month follow-up (mean difference of 12 meters (% pre-
dicted)) despite no further formal exercise program [42].

Quadriceps muscle strength

Seven studies [36,41,42,44,48,53,54] assessed quadriceps
muscle strength after the training period. Overall, there
was an increase in quadriceps muscle strength after the
training period (SMD: 0.38; 95%CI 0.16-0.60;
P =0.001; n = 329; 7 trials) (Fig. 4a). Subgroup analy-
sis showed that quadriceps muscle strength improved
significantly in the groups that received a combination
of aerobic and resistance training (SMD: 0.54; 95%CI
0.17-0.91; P = 0.04; n = 120; 4 trials) but not in the
groups that received aerobic and/or resistance training
alone (Fig. 4b).

Health-related quality of life

Of the 10 studies reporting HRQoL, nine [27,30,40-
42,44,48,53,54] used the SF-36™, and one used the
WHO-5 Well-being Index [50]. Meta-analysis was
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performed with the SF-36 data that were collected
immediately after the training program. Yardley et al.
[30] reported data only from 5 years after the training
program and was not included in the meta-analysis.
There were improvements in the physical function
(SMD: 0.27; 95%CI 0.05-0.48; P = 0.015; n = 345; 7
trials), physical role functioning (SMD: 0.26; 95%CI
0.005-0.51; P = 0.046; n = 248; 6 trials), general health
(SMD: 0.43; 95%CI 0.17-0.69; P = 0.001; n = 248; 6
trials), social role functioning (SMD: 0.26; 95%CI
0.005-0.69; P = 0.045; n = 248; 6 trials), and mental
health (SMD: 0.30; 95%CI 0.046-0.56; P = 0.021;
n = 248; 6 trials) domains of the SF-36 after the train-
ing period (Fig. 5a—e). There were no improvements in
the bodily pain, vitality, or emotional role functioning
domains (Fig. 5f-g). Four studies [41,44,48,54] reported
the composite scores for physical and mental function-
ing, but no significant improvement was seen in these
composites scores after the training period.

Secondary outcomes

Cardiovascular risk factors

A meta-analysis including 11 articles (7 in kidney
[33,39,41,44,50,52,54] and 4 in heart [26,43,47,48])

Transplant International 2021; 34: 801-824
© 2021 Steunstichting ESOT. Published by John Wiley & Sons Ltd
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Figure 4 (a) Effects of exercise training on quadriceps muscle strength. (b) Subgroup analyses of quadriceps muscle strength by type of train-

ing.
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Figure 5 (a) Effects of exercise training on the physical function domain of the SF-36. (b) Effects of exercise training on the physical role func-
tioning domain of the SF-36. (c) Effects of exercise training on the general health domain of the SF-36. (d) Effects of exercise training on the
social role functioning domain of the SF-36. (e) Effects of exercise training on the mental health domain of the SF-36. (f) Effects of exercise
training on the bodily pain domain of the SF-36. (g) Effects of exercise training on the vitality domain of the SF-36. (h) Effects of exercise train-

ing on the emotional role functioning of the SF-36.

showed no significant difference between groups in sys-
tolic blood pressure (SMD: —0.11; 95%CI —0.30-0.08;
P=0.25; n=483; 11 trials) but showed an overall
improvement in diastolic blood pressure (SMD: —0.22;
95%CI —0.41-0.03; P = 0.02; n = 552; 11 trials) in the
exercise group compared to the control group. Five
studies (two in kidney [49,50] and three in heart [46-
48]) measured fasting glucose immediately after the
training period but showed no significant difference
between groups (SMD: 0.13; 95%CI —0.16-0.43;
P = 0.37; n = 175; 5 trials). Pooled data from 8 trials (4
in kidney [32,38,49,50], 1 in liver [34] and 3 in heart
[26,46,47]) showed no significant difference between
groups in total cholesterol (SMD: —0.09; 95%CI —0.32—

Transplant International 2021; 34: 801-824
© 2021 Steunstichting ESOT. Published by John Wiley & Sons Ltd

0.13; P = 0.39; n = 316; 8 trials) at the end of the exer-
cise training period.

Adbverse events

Adverse events were explicitly reported in only eight
studies (4 in heart [31,47,48,51], 3 in kidney [41,50,54],
and 1 in lung [37]). Six studies [31,41,47,50,51,54]
reported no adverse events during the period of the
study. Nytreen et al. [48] reported that one of their
patients in the control group had a myocardial infarc-
tion and Mitchell et al. [37] reported an increase in
rejection episodes in the exercise group, although this
was not statistically significant.
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Table 4 presents a summary of the findings of the
primary outcomes of this systematic review. Data on
adherence to exercise, body composition, inflammatory
markers, physical function, depression and anxiety,
ADL, PA, return to work, and healthcare utilization are
presented in the supporting document.

Our systematic review showed that exercise training
improves maximal exercise capacity, HRQoL, quadri-
ceps muscle strength, and diastolic blood pressure in
SOT recipients when compared to a control group who
received no exercise. It also revealed that there is limited
evidence that exercise training improves other cardio-
vascular risk factors, body composition, inflammatory
markers, physical activity, physical function, return to
work or depression, and anxiety in this population.
However, these results must be interpreted with caution
as there were fewer studies reporting these secondary
outcomes. In addition, these outcomes were often not
the primary endpoint in the articles reviewed and there-
fore the studies were likely not powered to show an
effect. In 24 studies, there were either high risk of bias
or some concerns about the potential risk of bias.

Our meta-analysis showed an overall improvement in
exercise capacity (VO, peak) in SOT recipients as did
Didsbury et al. [17].
improvements in VO, peak in several single organ
groups [11-16,20,55], but none of them conducted
meta-analyses including lung transplant

Other reviews have shown

liver and

Table 4. Summary of the findings of the primary outcomes

recipients. Low VO, peak has been associated with
higher risk for cardiovascular disease and is a predictor
of mortality in chronic disease populations [8] and SOT
recipients [1] so an improvement in VO, peak may
improve prognosis and reduce risk for cardiovascular
Indeed, our meta-analysis
showed an improvement in diastolic blood pressure in

disease post-transplant.
the exercise group compared to the control group. The
lack of significant difference in other cardiovascular risk
factors may be related to the small number of studies
that reported these outcomes, the short-term follow-up,
and that the studies were not adequately powered to
detect differences in these outcomes. In addition, we
noted that the mean cholesterol and fasting glucose val-
ues at outset (pre-intervention) were normal in most of
the studies which may explain the lack of change. Our
findings related to cardiovascular risk factors are in con-
trast with the review by Li et al. [56] which showed sig-
nificant fasting  blood  glucose,
triglycerides, and body mass index in SOT recipients
after exercise training. However, we noticed that Li et
al. [56] included studies that did not meet our inclusion
criteria (e.g., randomization was not respected [57] and
Chinese language). Finally, it is important to note that
most of the studies included in our meta-analysis of the
VO, data included heart and kidney recipients; there-
fore, more studies including lung and liver groups are

reductions in

needed.

In contrast to the previous meta-analysis in SOT by
Didsbury et al. [17], which showed that only exercise
programs longer than 3 months in duration and

Primary Outcomes Results of the meta-analysis

Number of
participants

(studies) Comments

Maximal Exercise Capacity
(VO, peak)

Quadriceps Muscle Strength SMD: 0.38; 95%CI 0.16-0.60; P = 0.001

HRQL

Physical Function
Physical Role Functioning
General Health

Social Role Functioning
Mental Health

SMD: 0.40; 95%Cl 0.22-0.57; P=.0

521 (13 studies) Significant increase in VO, peak
after the training period

Significant increase in leg extension
force after the training period

There were no improvements in the
bodily pain, vitality or emotional
role functioning domains

319 (7 studies)

SMD: 0.27; 95%Cl 0.05-0.48; P = 0.015 345 (7 studies)
SMD: 0.26; 95%Cl 0.005-0.51; P = 0.046 248 (6 studies)
SMD: 0.43; 95%Cl 0.17-0.69; P = 0.001 248 (6 studies)
SMD: 0.26; 95%Cl 0.005-0.69; P = 0.045 248 (6 studies)
SMD: 0.30; 95%Cl 0.046-0.56; P = 0.021 248 (6 studies)

HRQoL: Health-related quality of life; VO, peak: peak oxygen consumption; SMD: standardized mean difference; Cl: confi-

dence interval.
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commenced within one year after the transplant were
effective in improving VO, peak in heart transplant
recipients, results of our subgroup analysis showed that
exercise training improved VO, peak regardless of dura-
tion, frequency, and timing of commencement in SOT
recipients. The results are likely different because Dids-
bury et al. [17] included only heart transplant recipients
in their subgroup analysis. In addition, in this review,
the majority of the studies classified as offering a
shorter and less frequent exercise program provided ses-
sions at least 3 times a week for 8 weeks which is con-
sidered the optimal minimum frequency and duration
of an exercise program to confer benefits to SOT recipi-
ents [9]. The fact that there was improvement in VO,
peak regardless of timing of commencement of the pro-
gram shows that exercise limitation in SOT recipients
can persist years post-transplant and is amenable to
improvement with exercise [1,9]. We did observe, how-
ever, that the exercise program needs to offer aerobic
training (either alone or in combination with resistance
training) to increase VO, peak.

Our meta-analysis showed improvements in several
domains of the SF-36. Although other reviews have
shown similar improvements in HRQoL in kidney
transplant recipients [14-16], our study is the first to
include all SOT types in a meta-analysis. So far, other
authors reporting on other organ groups have not been
able to conduct meta-analysis with data from HRQoL
tools due to the paucity of studies evaluating this out-
come [11,17,55]. One of the primary goals of transplant
is to improve HRQoL, so these findings support the
importance of exercise in post-transplant management.

Of the eight [31,37,41,47,48,50,51,54] studies that
included data on adverse events, two [37,48] reported
some adverse events during the period of the study
which do not appear to be related to the exercise. More
information can perhaps be gleaned from the discus-
sions of dropout rates (Table 1). For example, Langer
et al. [42] had five patients lost to follow-up (3 in exer-
cise group and 2 in the control group) due to “severe
medical complications.” It was not stated what these
complications were or whether the authors thought that
they were related to exercise. Braith et al. [46] reported
that one patient withdrew from the exercise group
because of a complication that was not related to the
study. The study by Painter ef al. [44] reported 70 drop-
outs, many for medical reasons (6 in the exercise group,
15 in the control group). These data suggest that SOT
recipients’ early post-transplant may be prone to many
complications post-transplant. In fact, a study by Patcai
et al. [58] showed that SOT recipients attending an

Transplant International 2021; 34: 801-824
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inpatient rehabilitation program early post-transplant
were ten times more likely to be readmitted to an acute
hospital compared to other inpatient rehabilitation popu-
lations (e.g., cardiac, neurological, and amputee patients).
Both in Langer et al.’s [42] and Painter et al.’s [32] stud-
ies, exercise training was offered quite early post-trans-
plant (4-8 weeks in Painter et al. and 1-2 week in Langer
et al.) which may explain the higher dropout rates. These
findings have implications for the interaction between
rehabilitation programs offering programs early post-
transplant and the transplant programs.

Our review has some strengths and limitations.
Strengths include a rigorous methodology (with an
experienced librarian and statistician conducting the
searches and statistical analysis) and expertise of the
research team in knowledge synthesis and exercise in
transplantation [9,10,59,60]. Another strength is the
novel contributions of our study compared to previous
reviews. Prior reviews were conducted on recipients of a
single transplant type (i.e., organ specific) and included
a smaller number of studies [11-16,20,55] preventing
the pooling of results or were focused on a narrower list
of outcome measures [56]. We have included 20 new
studies [26,28-36,38-41,43,48,50,52-54] not included in
Didsbury’s review [17]. Interestingly, 11 of the newer
studies involved kidney transplant recipients. In addi-
tion, Didsbury et al. were only able to conduct meta-
analysis with data of VO, peak while we had enough
data to conduct meta-analysis using data of VO, peak,
SF-36, quadriceps muscle strength, and several addi-
tional secondary outcomes. Limitations of our review
include the limited number of RCTs studying liver and
lung transplant recipients (none in pancreas), as well as
the small number of studies including our secondary
outcomes of interest and long-term evaluation of the
effects of exercise in this population. Eight studies were
deemed to have high risk of bias, and the risk of bias of
many other studies was unclear (Table 2).

Implications for clinical practice and research

Most of the exercise programs offered in the studies
included in this review were supervised and hospital-
based (only three studies offered a home-based exercise
program). This mode of delivery is usually costly and
recommended only for the early post-transplant phase
[1-6months] and/or in case of medical instability [9].
Alternative ways of delivery such as home or commu-
nity-based programs as well as tele-rehabilitation pro-
grams should be considered to increase access and keep
the costs low, especially late post-transplant

821



Janaudis-Ferreira et al.

(>6 months) [9]. Future research should investigate
whether the effects of exercise on VO, peak, muscle
strength, HRQoL, and diastolic blood pressure in SOT
recipients can be maintained in the long term. Exercise
training studies should also focus on outcomes such as
cardiovascular risk factors, immune and graft function,
healthcare utilization, and survival. These studies will
need to include a long-term follow-up and likely be
multi-centric to be statistically powered for these out-
comes. Finally, more studies in liver, lung, and pancreas
transplant recipients are needed.

In conclusion, despite the considerable variation in
exercise training characteristics and high risk of bias in
the included studies, this systematic review revealed that
exercise training improves VO, peak, quadriceps muscle
strength, HRQoL, and diastolic blood pressure in SOT
recipients. Despite the underreporting of adverse events,
exercise training should be considered as an essential
part of the post-transplant care. SOT recipients early
post-transplant may be more prone to complications
post-transplant. To date, there is insufficient evidence
that exercise training improves other cardiovascular risk
factors, inflammatory markers, and healthcare utiliza-
tion in SOT recipients. However, these findings must be
interpreted with caution as there are few studies report-
ing these secondary outcomes which were likely not
powered to show an effect.
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