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ABSTRACT

Background: Exercise training programs must be described in detail
to facilitate replication and implementation. This study aimed to evalu-
ate the quality of exercise training program descriptions in randomized
controlled trials (RCTs) involving solid organ transplant (SOT) recipients.

Methods: We evaluated 21 RCTs reporting on exercise inter-
ventions in SOT recipients that were included in a recent systematic
review/meta-analysis conducted by the research team. This previous re-
view investigated the effects of exercise training (versus no training) in
adult SOT recipients. Several databases (MEDLINE, EMBASE, CINAHL,
and Cochrane Central Register of Controlled Trials) were searched from
inception to May 2019. Three reviewers independently rated the exer-
cise programs for SOT using the Consensus on Exercise Reporting Tem-
plate (CERT).

Results: Mean score of the CERT was 6/19. None of the RCTs de-
scribed all items of the CERT. Items of crucial importance, such as adher-
ence, whether the exercise was done individually or in a group, whether
there were home program or non-exercise components, and the type and
number of adverse events, were either not mentioned or not described
in detail.

Conclusion: RCTs in exercise in SOT recipients did not satisfactorily
report their exercise protocols, which can lead to difficulties in replication
by researchers and implementation by clinicians.
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1 | INTRODUCTION

Solid organ transplantation (SOT) provides a second
chance of life for people with end-stage diseases of the
kidney, heart, pancreas, liver, and lung, improving the
quality of life of patients. (1-3) Although some recip-
ients can return to work, enjoy recreational activities,
and participate in sports after a transplant, (2, 4-6) many
patients present diminished exercise capacity and low
levels of physical activity. (7-10) Regular exercise train-
ing may improve fitness in these patients, however, the
majority do not reach activity and exercise capacity lev-
els observed in healthy individuals. (2, 10, 11) As a result
of reduced physical activity levels after transplantation,
SOT recipients are at increased risk for cardiovascular
complications, diabetes, and mortality. (12, 13)

There are numerous studies that have examined the
role of exercise training post-SOT. (14, 15) Our team re-
cently conducted a systematic review and meta-analysis
on the effects of exercise (aerobic exercise, resistance
exercise, or a combination of both) in SOT recipients
(15) and showed that exercise training post-transplant
improves exercise capacity, muscle strength, and quality
of life in SOT recipients. While there have been recent
scientific advances in SOT rehabilitation and convinc-
ing evidence for the benefits of exercise post-transplant,
(14,15) the exercise programs included in published ar-
ticles are generally poorly described (14) with incom-
plete information on volume, intensity, and progression
of exercise. The lack of information on these important
variables causes difficulty in interpreting and replicat-
ing SOT exercise programs. Since exercise prescription
parameters have a direct influence on the training out-
comes, it is imperative that they are well-defined and
clearly reported to allow for interpretation, design of fu-
ture research trials, implementation into clinical practice,
and ultimately, the development of guidelines. (16, 17)
A systematic evaluation of reporting quality of exercise
interventions in SOT recipients has not been conducted.

Although guidelines such as the Template for Inter-
vention Description and Replication (TIDieR) (17) and
Consolidated Standards of Reporting Trials (CONSORT)

(16) exist to assist authors to report their interventions

with details, these guidelines are not well-tailored for
exercise interventions. Specifically, these checklists do
not require precise and complete information about
the type of exercise intervention, dosage, intensity, fre-
guency, and presence of a supervisor during exercise,
all of which are required to fully interpret and replicate
these interventions. (16, 17) Recently, a more specific
guideline - the Consensus on Exercise Reporting Tem-
plate (CERT) - has been developed to provide direction
on specific items that are necessary to report replicable
exercise programs. (18) These items should be reported
in all studies of any exercise type, identifying that sup-
plementary information may be required for individual
studies, depending on the exercise program under study.
(18)

In this systematic review, we used the CERT check-
list to evaluate the quality of the exercise training pro-
gram descriptions in randomized controlled trials (RCTs)
involving SOT recipients. (18) By systematically evalu-
ating the quality of intervention reporting, suggestions
can be made to improve future trials and the translation

of interventions into practice.

2 | METHODS

We followed the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) guidelines (19)
and used the CERT (18) to evaluate the quality of the
descriptions of the exercise training programs included

in the studies.

2.1 | Search strategy

The articles included in this review were identified in
a previous systematic review on the effects of exer-
cise in SOT recipients that was conducted by our group.
(20) The search strategy was designed to identify RCTs
on exercise in SOT recipients (heart, lung, kidney, liver
and pancreas). An example of the search strategy is
shown in Appendix 1. The following databases were
used: MEDLINE, EMBASE, CINAHL and Cochrane Cen-

tral Register of Controlled Trials. ClinicalTrials.gov was
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used to identify clinical trials that were under way or
recently completed. All clinical literature was searched
from database inception to May 1, 2019. The following
keywords were used: physical activity, exercise, physi-
cal fitness, transplant, transplantation, transplanted, or-
gan, heart, lung, liver, kidney, pancreas. Articles in En-
glish, French, Portuguese and Spanish were considered
based on the investigators’ comprehension. The refer-
ence lists of all primary studies included and pertinent
reviews were checked for additional references. Two
researchers independently screened all titles and ab-
stracts identified by the literature searches using Covi-
dence software. The same pair of reviewers applied the
inclusion/exclusion criteria on the full text of the poten-
tially eligible studies. Disagreements were resolved by

consensus between the reviewers.

2.2 | Study selection

To be eligible for the original review,(20) published stud-
ies had to: 1) be RCTs examining the effects of exer-
cise training programs in SOT recipients, 2) study adults
(> 18 years) who are recipients of heart, lung, kidney,
pancreas or liver transplant, 3) involve an inpatient, out-
patient or home-based program that included exercise
training (aerobic, resistance training, or a combination
of both) at any time post-transplant, and 4) compare
an exercise training program with a control group (no
exercise). Studies were excluded if they were editori-
als, letters to the editor, or abstracts without published
peer-reviewed manuscripts. For the current systematic
review, we screened 29 articles that were included in

the original review. (20)

2.3 | Consensus on Exercise Reporting
Template

The Consensus on Exercise Reporting Template (CERT)
is a 16-item tool and is internationally endorsed. (18,21)
It was developed using the Enhancing the QUAIity and
Transparency Of health Research (EQUATOR) Network
methodological framework and elaborates and expands

on the previously developed TIDieR checklist. (17)

Forty-nine international multidisciplinary exercise ex-
perts participated in a modified Delphi strategy to de-
velop the template. With three rounds of online com-
munications, 41 initial items were distilled to the final
16 items necessary to fully describe an exercise program.
The template includes “7 sections or domains: what (ma-
terials); who (provider); how (delivery); where (location);
when; how much (dosage); tailoring (what, how); and
how well (compliance/planned and actual).” (18) Each
CERT item is rated as O (not described or description un-
clear) or 1 (yes, well-described). The maximum score of
the CERT is 19. As of this writing, the CERT explanation
and elaboration statement has been cited 228 times.

2.4 | Data extraction strategy

One investigator (UR) independently extracted and en-
tered data regarding study characteristics into a stan-
dardized data extraction form. Two investigators (TS
and FP) double-checked the data to ensure consistent
reporting. Three investigators (UR, TS and FP) indepen-
dently applied the CERT to all of the included articles,
extracted information on the description of the exercise
training program and entered data into a standardized
form. The independent application of the CERT check-
list was done in triplicate (each article was assessed by 3
investigators). One investigator (UR) then compared the
responses and disagreements were resolved by consen-
sus with the consultation of a fourth investigator (TJF).
The template was pilot tested on one article to ensure
that all evaluators were interpreting the CERT in the

same way.
3 | RESULTS
3.1 | Studies screened

In the original review, (20) 1490 articles were identified
after duplicates were removed. Fifty-nine full text .pdfs
were assessed for eligibility and 29 articles met the in-
clusion criteria. In the current study, we have included
21 articles of the 29 that had been included in the origi-

nal systematic review. (20) Eight articles were excluded
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because they were second publications of original stud-
ies and therefore used the same intervention. We chose
to evaluate the first published article from each of these
series. The complete PRISMA diagram for the two stud-
ies is shown in Figure 1 and the characteristics of the 21
included articles are shown in Table 1.

3.2 | Quality of exercise intervention
reporting

The average CERT score of the 21 included studies was
6 points out of 19. Table 2 outlines the scores of each
study. The scores ranged from 1 to 14. Table 3 reports
on the frequency of CERT items being delineated in the
included studies. Items 1 (Type of exercise equipment;
n=15(71%)) and 13 (Detailed description of the exercise
intervention - for example: number of exercise repeti-
tions/set/sessions, session duration and program dura-
tion; n=18 (86%)) were the most commonly described
items. Conversely, Item 8 (Detailed description of each
exercise to enable replication [e.g., photographs, illustra-
tions, video, etc.]) and 16a (Description of how adher-
ence or fidelity to the exercise intervention is assessed)
were the least described (Table 3).

4 | DISCUSSION

The main finding of our systematic review is that RCTs
on exercise interventions in SOT recipients (published
before the publication of CERT) are not well described.
No study described all items on the CERT. Important as-
pects of the exercise program were not reported, such
as examples of the actual exercise, progression of the
exercise, or how the starting point for intensity was
chosen. Because there are currently no specific guide-
lines on exercise intervention in SOT, clinicians and re-
searchers are obligated to rely on individually published
RCTs and systematic reviews in this field. The lack of
specific information about the exercise interventions in
these trials may impede the appropriate implementation

of these interventions into clinical practice or research.

The authors of TIDieR, an extension of the CON-

SORT Statement, have made general recommendations
for the reporting of complex interventions in clinical tri-
als. (17) The final 16-item CERT (18) is based on the TI-
DieR domains and headings (17) but contains items that
are specifically related to the description of an exercise
protocol to help with the actual implementation.

The most well-described item related to the charac-
teristics of the exercise protocol was Item 13: “Detailed
description of the exercise intervention (e.g., number of
exercise repetitions/set/sessions, session duration and
program duration)”. However, illustrations (or detailed
written descriptions) of actual exercises to enable repli-
cation were rarely seen in the reviewed RCTs. Scientific
journals have limited the number of figures allowed for
publication and therefore providing illustrations of all ex-
ercises included in the study may not be feasible unless
the journal offers space in an online supplement. It was
also rarely mentioned in the RCTs if exercises were done
individually or in a group. The descriptions of these
items are important to allow clinicians and researchers
to replicate the exercise program as peer support canin-
fluence outcomes. (18) Items that describe whether the
exercises were generic or tailored, and how they were
tailored to the individual, were included in less than half
of the reviewed studies. Exercise programs can be a
standardized set of exercises or they may be tailored
to the individual for various reasons such as comorbidi-
ties, musculoskeletal problems, etc. A guide of decision
rules for the tailoring and implementation of time points
should be provided to enable researchers to administer

the program. (18)

Several other important areas that may help clinicians
and researchers decide to adopt a particular exercise
protocol have also been poorly described. Motivation
strategies and adherence were mentioned in only 16%
and 28% of the articles, respectively. Information about
motivation strategies can greatly help clinicians and re-
searchers determine which strategies can be used to
ensure adherence and completion rates. Furthermore,
adverse events were reported in only 12% of the arti-
cles. With safety being a basic factor affecting adher-
ence and success of exercise interventions, detailed re-

porting of these events is required to decide whether an
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exercise program should be undertaken. (18) In addition,
whether the intervention was delivered as planned was
not described in most articles. Sometimes, an interven-
tion needs adjustments and is not delivered as planned.
The level to which this occurred must be reported, as it
provides an explanation for the effect or lack of effect of
an intervention and can be used to inform future studies.
(18)

The CERT has been used in other patient popula-
tions, such as those who are mechanically ventilated
in the intensive care unit (ICU), (22) have fibromyal-
gia, (23) hypertension, (24, 25) knee osteoarthritis (26)
or osteoporosis, (27), and athletes with groin injury.
(28) Similar to our findings, all of these studies (22-28)
concluded that exercise interventions are not well de-
scribed, though most of the studies evaluated were pub-
lished prior to the publication of the CERT guidelines.
One systematic review (25) limited the studies evalu-
ated to those post 2016, but these authors also found
inadequate reporting for exercise interventions in pul-
monary hypertension patients. Since exercise and ad-
vice to stay active is recommended for the management
of many chronic conditions, (29-32) detailed descrip-

tions of these exercise interventions are essential.

Our study has some strengths and limitations. Our
review included a rigorous methodology (with an expe-
rienced librarian) and expertise of the research team in
knowledge synthesis and exercise prescription in trans-
plant patients. An important limitation is that the CERT
explanation and elaboration statement was published in
2016 (18) while all studies identified in our systematic
review were published during or before 2016. While
we could have used the CONSORT or TIDieR checklists
in our review, these guidelines are not tailored for exer-
cise interventions. In addition, even though the CERT
was not available before 2016, the evaluation of the ex-
ercise intervention reporting is still relevant. Now that
the CERT has been developed, it is hoped that more au-
thors will become acquainted with the tool and that this
will lead to the improvement in the quality of reporting

of exercise interventions.

5 | CONCLUSION

Despite the important role of exercise training in the
management of SOT recipients, RCTs of exercise in SOT
recipients did not satisfactorily report their exercise pro-
tocols. It is recommended that researchers reporting on
future clinical trials describe their exercise protocols for
SOT recipients in more detail to enable replication in re-
search and facilitate implementation of these interven-
tions in clinical practice.
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Author & year Country Organ type Type of exercise Training load Program duration
Basha et al. (2015) Egypt Liver Aerobic & resisted Three sets of 8-12 repetitions performed at 85% 12 weeks
exercise of initial 1-RM, intensity of less than 50% of HR
max.
Bernadi et al. (2007)  ltaly Heart Aerobic Exercise at 50 rpm for 30 min, 5 days a week at 6 months
60-70% of their peak oxygen consumption.
Braith et al. (2008) USA Heart Aerobic Exercised 3 days per week. 35-40 minutes of 12 weeks
exercise as tolerated.
Eatemadololama et Iran Kidney Resistance Exercise training 2 days per week. Single set of 12 weeks
al. (2017) training 10-15 repetitions. Resistance increased by 5-10
% next sessions.
Greenwood et al. UK Kidney Aerobic or Started with 1-2 sets and 10 repetitions (based on 12 weeks
(2015) resistance training 80% one repetition maximum and on tolerance)
increasing to 3 sets and 8-10 repetitions.
Haykowsky et al. Canada Heart Aerobic and For 8 weeks, treadmill and cycle exercises were 12 weeks
(2009) strength training performed at a heart rate equal to 60-80% VO2
peak for 30-45 min. In the final 4 weeks,
continuous aerobic training was performed 3
days/week (45 min/session at a heart rate equal
to 80% VO peak) and interval training was
performed 2 days/week.
Hermann et al. Denmark Heart High intensity After warming up, a 42-min high intensity exercise 2 months
(2011) aerobic exercise program followed, with interval blocks of 4 min/2
min/30 s according to 80%, 85% and 90% of VO2
peak and recovery periods of 1/2 min. Finally, 10
min of staircase running up according to 80% of
peak VO2 and recovery walking down according
to 50% peak VOo.
Juskowa et al. (2006) Poland Kidney Physical exercise 30 min per session. 4 or 5 weeks post
transplantation
Karelis et al. (2016) Canada Kidney Resistance 45-60 min in-hospital RT program. The intensity 16 weeks
training of the exercise training sessions was
approximately 80% of the 1-RM.
Kouidi et al. (2013) Greece Kidney Aerobic and 3040 min aerobic exercise programme followed 6 months
strengthening by 10-30 min of strengthening exercises. The
target intensity was scheduled to be close to the
anaerobic or ventilatory threshold (50-75% VO2
peak or 65-85% HR max).
Langer at al. (2012) Belgium Lung Resistance Session lasted for about 90 min. Patients 3 months
training performed 3 times 8 repetitions using leg press
equipment, with the initial load set at 70% of the
1-RM.
Leasure et al. (1995) USA Kidney Aerobic Completion times for the exercise sessions 12 weeks

TABLE 1 (Continued on next page)

progressed from 30 to 60 minutes: 5-min warm-up
and a cool-down, an aerobic portion, and a
strengthening portion.
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Mitchell et al. (2003)  USA

Moya-Najera et al. Spain
(2017)

Nytroen et al. (2012)  Norway

Painter et al. (2002) USA

Pascoalino et al. Brazil
(2015)

Pooranfar et al. Iran
(2014)

Riess et al. (2014) Canada

Shakoor et al. (2016) Iran

Tzvetanov et al. USA
(2014)

Lung

Liver

Heart

Kidney

Heart

Kidney

Kidney

Kidney

Kidney

Resistance
training

Aerobic and
resistance training

HIT

Cardiovascular
exercise (walking
or cycling)

Exercise training

Aerobic and
resistive
exercises

Endurance and
strength training

Aerobic and
anaerobic

Resistance
training

One set of variable resistance lumbar extensions
through a 72-degree ROM with a weight load that
allowed 15-20 repetitions to volitional muscle
fatigue.

During the first 3 months, patients had to perform
3 sets of 25 repetitions at a velocity of 2 seconds
for each concentric and eccentric contraction.
During the second 3-month period, patients had to
perform 3 sets of 15 repetitions at a velocity of 2
seconds for each concentric and eccentric
contraction.

The HIIT-sessions consisted of 10 min warm-up,
followed by four 4-min exercise bouts at 85-95%
of maximum heart rate (HR max), interposed by 3
min active recovery. periods (Figure 2)
corresponding to ~11-13 on the Borg, 6-20 rated
perceived exertion (RPE) scale.

Frequency of at least 4 times per week; duration
that worked up to at least 30 min per session; and
an intensity that was initially 60-65% of maximal
heart rate, which was gradually (approximately
every 2 weeks) increased to 75-80% of maximal
heart rate.

Thrice-weekly exercise training program.
Supervised sessions consisted of 5 min of warm-
up, 40 min of endurance exercise at an intensity
of 80% of the respiratory compensation point and
5 min of cool-down.

Three 60-90-min sessions per week. Aerobic

exercise on fixed bicycle or treadmill with 40%—
70% maximum heart rate intensity and resistive
exercise with 45%—-65% of maximum frequency.

Endurance (3 days/week) and strength training (2
days/week). Endurance training was performed on
a cycle ergometer and treadmill at 60%—-80% VO2
peak for 30—60 min/session. Lower extremity
strength training was performed at 50% 1-RM for
2 sets of 10—15 repetitions. The intensity
increased by 5%—10% when 2 sets of 15
repetitions were performed.

Three sessions per week for 60-90 min. Each
session included a 15-min warm-up, 20 min of
aerobic exercise, 20 min of resistance exercise,
and a 10-min cool-down including running with a
slow pace followed by stretching and light
exercises.

Individual physical training using low-impact, low-
repetition, resistance-based weight training with
two 1-hour sessions each week.

6 months

24 weeks

24 weeks

1 year

12 weeks

10 weeks

12 weeks

10 weeks

1 year

1-RM: one-repetition maximum, HR: heart rate, VO2 peak: highest value of VO; attained on a particular exercise test, RT: resistance training, ROM: range of motion, HIIT: high-

intensity interval training, RPE: rating of perceived exertion

TABLE 1 Characteristics of the included studies



MIM | ,,

Raje

Study 1 2 3 4 5 6 7a 7o 8 9 10 11 12 13 14a 14b 15 16a 16b Score
Basha et al. (2015) ©® © 6 @ © ® © © © © @ ® B © 6 ® © 6 ® 919
Bernadi et al. (2007) © ® @8 ® © ® ® © ® © ® ® © © 6 B B B 6 619
Braith et al. (2008) ©® 6 @ ® ® ® ® ® ® ® ® ® 6 © 6 ® ® O ® 4119
Eatemadololama et al. (2017) ® © @ © ® ® ® © ® ® ® ® ® © ® B B B 6 419
Greenwood et al. (2015) © © @ © © © © © 6 ® © © © © © © ® 6 © 1419
Haykowsky et al. (2009) ® ® 6 B ® B ® © ® 6 ® © B © ® B B 6 © 419
Hermann et al. (2011) © &6 6@ @ ® ® ® @ @ ® ® © © © © ® © 06 ® 6/19
Juskowa et al. (2006) ® © 6 @ @@ 6 6 B ® ® 6 6 B® B® 6 ® ® 6 ® 119
Karelis et al. (2016) ® © 6 © © @ © 6 6 © @ ® © © © ® © O © 1219
Kouidi et al. (2013) ® ® ® © ® B © @ ® ® ® ® © © © © © 6 6 M9
Langer at al. (2012) © ® 8 ® ® ® © © ® ® © 8 ® © © © © B o6 819
Leasure et al. (1995) © ® @ ® ® © 6@ ® ® @ ® @ © 6 © B B B 6 419
Mitchell et al. (2003) ®© © 8 ® ® ® © ® © ® ® ® ® © ® B B B O 519
Moya-Najera et al. (2017) ©® © 6 © © @ © © 6 ® ® ® © © © B 6 6 6 919
Nytroen et al. (2012) ® © © © @ ® @ 6 6 @ ® ® B © © ® & 6 ® 719
Painter et al. (2002) ® ® © 8 © © @ © ® ® ® ® © © © © © © 6 1M
Pascoalino et al. (2015) © & 6@ ® ® ® ® ® ® © ® ® ® © B® B 6 6 6 319
Pooranfar et al. (2014) ©® 6 6 @ ® ® ® 6 @ ® © ® B © © ®© ® 6 ® 519
Riess et al. (2014) ®© © ® ® ® ® © © ® ® ® ® ® © © © 6 B 6 M9
Shakoor et al. (2016) © ® @ ® ® ® ® ® ® ® ® ® ® © 6 ® ® 6 ® 3119
Tzvetanov et al. (2014) ® ® © © @@ @ ® ® ® ® ©®© ® © B © ® ® 6 ® 5/19
Average score 6.0

Yes: ©, No: ®

TABLE 2 Consensus on exercise reporting template items of articles examining the effects of exercise training
programs in SOT recipients

# Question n (%)
1 Type of exercise equipment 15(71)
2 Qualifications 9 (43)
3 Individually/in a group 3(14)
4 Supervised/unsupervised 14 (67)
5 Adherence to exercise 6(29)
6 Motivation strategies 3(14)
7a Decision rules for exercise progression 8(38)
7b Description of exercise progression 9 (43)
8 Description of each exercise to enable replication 2(10)
9 Home program component 4(19)
10 Non-exercise components 4(19)
11 Type and number of adverse events 3(14)
12 Setting in which the exercises are performed 10 (48)
13 Detailed description of the exercise intervention 18 (86)
14a Generic/tailored 12 (57)
14b Detailed description of how exercises are tailored 9 (43)
15 Decision rule for determining the starting level 6(29)
16a Description of how adherence is measured 2(10)
16b Intervention delivered as planned 3(14)

TABLE 3 Percentage of articles that describe items of Consensus on Exercise Reporting Template
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8.1 | Ovid Medline (All) Search Strategy

NO A WODN R

8.
9.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.

. Physical activity.ti,ab,kf.

. exercise.ti,ab,kf.

. exp Exercise/ or exp Exercise Therapy/

. Physical Fitness/

. physical fitness.ti,ab,kf.

. exp Organ Transplantation/

. ((organ or heart or kidney or pancreas or liver or lung) adj (transplant or transplantation or transplanted or trans-

plants)).ti,ab,kf.

6or7

lor2or3ordor5
8and 9
randomized controlled trial.pt.
controlled clinical trial.pt.
randomi?ed.ab.
placebo.ab.
drug therapy.fs.
randomly.ab.
trial.ab.
groups.ab.
or/11-18
exp animals/ not humans.sh.
19 not 20
8 and 21 and 9</li>



