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ABSTRACT

Background: Kidney transplant recipients (KTRs) are characterised by adverse changes in
physical fitness and body composition. Post-transplant management involves being physic-
ally active, although evidence for the effect of exercise is limited.

Objective: To assess the effects of exercise training interventions in KTRs.

Methods: NCBI PubMed (MEDLINE) and CENTRAL (EMBASE, WHO ICTRP) databases were
searched up to March 2021 to identify eligible randomized controlled trials (RCTs) that
studied exercise training in adult KTRs. Outcomes included exercise capacity, strength, blood
pressure, body composition, heart rate, markers of dyslipidaemia and renal function, and
health-related quality of life (QoL).

Results: Sixteen RCTs, containing 827 KTRs, were included. The median intervention length
was 14-weeks with participants exercising between 2-7x/week. Most studies used a mixture
of aerobic and resistance exercise. Significant improvements were observed in cardiorespira-
tory function (VO,peak) (3.21 ml/kg/min, p=0.003), 6MWT (76.3 meters, p=0.009), physical
function (STS-60, 4.8 repetitions, p=0.04), and high-density lipoprotein (HDL) (0.13 mg/dL,
p=0.03). A moderate increase in maximum heart rate was seen (p=0.06). A moderate
reduction in creatinine was also observed (0.14mg/dl, p=0.05). Isolated studies reported
improvements in strength, bone health, lean mass, and QoL. Overall, studies had high risk of
bias suggestive of publication bias.

Conclusions: Exercise training may confer several benefits in adult KTRs, particularly by
increasing cardiorespiratory function and exercise capacity, strength, HDL levels, maximum
heart rate, and improving QoL. Additional long-term large sampled RCTs, incorporating com-
plex interventions requiring both exercise and dietary behaviour change, are needed to fully
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understand the effects of exercise in KTRs.

Introduction

Kidney transplantation is the preferred form of
renal replacement therapy (RRT) for patients with
end-stage renal disease (ESRD). Kidney transplant-
ation offers patients beneficial effects on quality of
life (QoL) [1] and survival rate [2] when compared
to dialysis. Nonetheless, kidney transplant recipients
(KTRs) are burdened by high cardiovascular risk
due to the increased prevalence of traditional, but
also disease-specific post-transplant cardiovascular
risk factors [3]. Weight gain, diabetes, hypertension,
and dyslipidaemia are predominant features in these
patients and are associated with worse clinical

outcomes, including mortality and graft loss [4-6].
Cardiovascular disease (CVD) remains a leading
cause of death in KTRs and accounts for 17% [7] of
total deaths. Consequently, KTRs have a mortality
rate ~5-10-fold greater than the general population
[8]. Furthermore, immunosuppressive therapy may
contribute to aberrant changes in metabolism,
increasing the risk of sarcopenia and obesity [9,10].
Appropriate self-management and a healthy life-
style are recommended to KTRs with a core compo-
nent the attainment of sufficient physical activity (e.g.
through structured exercise). Physical inactivity is a
major risk factor for mortality [3], and increasing
exercise and physical activity levels is an attractive
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option for addressing many underlying CVD risk fac-
tors in KTRs. However, KTRs are at significant risk
of reduced exercise tolerance due to physical limita-
tions [11], comorbidity [11,12], muscle atrophy
[13,14], depression [14], fatigue [11], fear of injury
[15], and problems with motivation levels [12].
Whilst physical activity levels have been shown to
increase post-transplant [13,16], levels remain below
that of age-matched healthy controls with less than a
third of patients sufficiently physically active for
health [13,17]. There is strong epidemiological evi-
dence showing physical inactivity, both pre- and
post-transplant is associated with increased cardiovas-
cular and all-cause mortality in KTRs [18-20].

Whilst there have been previous systematic reviews
investigating the effect of exercise and/or physical
activity interventions in KTRs, many are now out-
dated [21,22] and only two meta-analyses have been
completed on the subject area [23,24]. The study con-
ducted by Oguchi et al. [23] searched databases up
until 2017, focused only on publications from NCBI
PubMed and Ichushi, a Japanese database, and is lim-
ited by only reporting outcomes of estimated glom-
erular filtration rate (eGFR), VO,peak, and QoL. A
further review by Chen et al. [24] widened outcomes
to more traditional CVD risk factors, clinical out-
comes (e.g. mortality) and other measures of body
composition; however, QoL, and physical performance
(e.g. strength, function) were not included. Databases
were also only searched until December 2018. There
remains a dearth of literature regarding the use of
exercise to ‘prepare’ awaiting transplant recipients for
surgery and better post-transplantation outcomes.
Using a wider search strategy, this review was able to
include more RCTs and a comprehensive range of
outcomes for analysis and data synthesis.

In the UK, the Renal Association (RA) has recently
commissioned the inaugural exercise and physical
activity guidelines for patients with CKD and KTRs.
As such, for preparation of these guidelines and to
capture the most up-to-date high-quality evidence, this
systematic review and meta-analysis of all RCTs was
conducted to investigate the effects of exercise training
interventions in KTRs.

Materials and methods

A systematic literature search was undertaken per
the ‘The PRISMA Statement for Reporting
Systematic Reviews and Meta-Analyses of Studies
That Evaluate Health Care Interventions’ [25].

Protocol and registration

The protocol for this review was prospectively regis-
tered (23rd January 2020) on PROSPERO
(CRD42020163687).
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Eligibility criteria

Types of studies

Randomised clinical trials studying the effect of either
physical activity or exercise intervention, either super-
vised or unsupervised, on outcomes in adult patients
with (or awaiting) a kidney transplant. Studies in those
‘awaiting’ a transplant were determined as those specific-
ally using an exercise intervention to prepare participants
for transplantation. No publication date restrictions were
imposed. Only English language studies were included.
Given the high risk of potential selective reporting,
unpublished material and abstracts were not included.

Types of participants

Participants aged >18years who had received (or
were awaiting) a kidney transplant. All types of
donor were included. Studies conducted in those on
dialysis or with non-dialysis CKD were excluded.

Types of intervention

Studies investigating the effects of any form of phys-
ical activity and exercise intervention were included.
There was no restriction regarding sample size, study
location, or duration of the intervention. This review
is restricted to studies of a randomised nature with
either a non-intervention control or adjuvant physical
activity/exercise intervention group (e.g. aerobic vs.
aerobic plus resistance groups). As specified by the
RA [26], reports detailing protocols, letters, editorials,
and conference communications were excluded.
Observational studies and interventions consisting
only of physical activity counselling were excluded.

Types of outcome measures

Primary outcomes

As preferred in RA clinical guideline recommenda-
tion development [26], the primary outcomes of
interest were ‘hard’ clinical outcomes or events such
as mortality, morbidity, hospitalization, and compli-
cation rates (e.g. transplant graft function/rejection
rates). These were defined on a per-study basis.

Secondary outcomes

e Physical fitness (exercise capacity, strength)

e Body composition and body mass

e Cardiovascular risk factors (lipid profile, blood
pressure, diabetes)

Health-related QoL outcomes

Markers of immune function

Markers of bone health

Patient reported outcome measures (e.g. symp-
toms, fatigue)

Renal function (creatinine, eGFR)

Adverse events including serious and non-ser-
ious injury
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119 of records identified through
database searching (Pubmed
(MEDLINE), 115; CCRCT (including

0 of additional records identified
through other sources

EMBASE, ICTRP), 4)

1

!

118 of records after
duplicates removed

105 of records excluded (Review
paper, 4; Study of dialysis patients,
20; Study in non-dialysis patients,
5; Study in non kidney disease
patients, 55; Protocol paper, 6;
Non-exercise/physical activity

#118 of records screened

____ lintervention, 14; Abstract, 1)

4 of full-text articles excluded

13 of full-text articles
assessed for eligibility

(Only counselling intervention, 2;
Protocol paper, 1; Article in Czech,
1)

4 added following review
of previous review
reference lists

3 added following re-run
of search in March 2021

Total 16 of studies
included in qualitative
synthesis

13 of studies included in
quantitative synthesis
(meta-analysis)

Figure 1. Flow diagram of systematic search of literature and included studies (until March 2021).

Information sources

The following electronic databases were searched
from their date of establishment to March 2021:
National Centre for Biotechnology Information
(NCBI) PubMed (which includes the Medical
Literature Analysis and Retrieval System Online
(MEDLINE)), and the Cochrane Central Register of
Controlled Trials (CENTRAL) (includes Excerpta
Medica database (EMBASE), and the WHO
International Clinical Trials Registry
Platform (ICTRP)).

Search strategy

The following MESH search terms were used to
search all databases: kidney transplantation;

transplant recipients; exercise; exercise therapy;
randomised controlled trial. Full search strategies
can be found in Supplementary material 1. A flow
of information through the different phases of the
search can be found in Figure 1. The references of
recent reviews on exercise and physical activity in
KTRs [23,27] were also hand searched.

Data collection process and data items

Abstracts and initial data extraction were performed
independently by TJW wusing a bespoke table.
Extracted data were confirmed by NCB, REB, CJL,
and SAG. Each full text article was assessed for risk
of bias by two authors independently. The data
items extracted can be seen in Table 1.
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secondary analysis of the first. Both papers were
retained as they reported different patient sample
sizes and may be prone to bias.

Included trials were published between 2002 and
2021 in English and were conducted in Brazil (1),
UK (2), USA (4), Canada (2), Greece (1), Poland
(2), Spain (1), India (1), and Iran (2). Where stated,
all studies utilized a 1:1 randomisation. Thirteen
studies had two groups—an exercise group and a
control group—whilst two [31,37] had three groups
(two exercise arms). For these studies, where data
was included in a meta-analysis, mean difference,
standard deviation, and sample size were combined
for the two exercise arms as previously described
[41]. Data from a third non-kidney transplant
‘healthy’ group in Kouidi et al. [36] was excluded.

The control group was often described as a
‘usual/standard care’ group. Two studies actively
instructed patients in this group not to exercise
[32,36]. The ‘standard care’ in one study involving
patients in acute post-transplant aftercare [42]
involved daily physiotherapist visits and mobility
encouragement. In Kumar et al. control participants
received basic physiotherapy [38], whilst in O’Brien
et al. the control group received an activity tracker
but no supplementary behaviour change interven-
tion [39].

In total, =827 patients were randomised to
receive exercise (n=428) or control (n=399) with
sample sizes ranging from n=17 to n=122. The
median and mean total sample sizes were n=42
and n=>52.

Summary characteristics of exercise
interventions

Full reporting of the exercise interventions was lack-
ing in several studies and the details provided
ranged widely. Exercise programmes ranged from 7-
days to 12-months. The median length of the inter-
vention was 14-weeks, and the mode was 12-weeks.
No studies were conducted specifically in those
‘awaiting transplantation’. Four studies recruited
patients immediately or recently post-transplant.
One study employed immediate daily post-operative
supervised physiotherapy for 30 min with resistance
training introduced from day two; this was contin-
ued wuntil discharge [42]. Juskowa et al. [30]
recruited patients 2-3 days after transplantation, and
participants in Painter et al. [33,34] were recruited
<1month of transplantation. In three studies, exer-
cise was supervised by a physiotherapist (or assist-
ant) [30,31,42]. One study used kinesiology students
[32], whilst others used exercise physiologists
[35,40,43]. The exercise was provided by a coach in
Tzvetano et al. [44].
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Two studies involved exclusively home-based
exercise [33,34] whilst three studies used a mixture
of home and supervised components [30,32,38]. The
location was not stated in one study [29]. Patients
were instructed to exercise for different frequencies:
every day [30], 5x/week [32], 4x/week [33,34,36],
3x/week [29,31,45], and 2x/week [38,40,43,44]. In
Riess et al. [35] participants performed aerobic exer-
cise 3x/week and resistance exercise 2x/week. One
study only instructed patients to perform resistance
training [32]. Whilst no specific intervention was
provided in O’Connor et al. [37], participants were
encouraged to engage with community exercise
pathways. Participants in O’Brien et al. underwent a
physical activity intervention designed to increase
daily steps [39]. The majority of studies reported
exercise session durations between 30-60 min, with
two  studies  reporting a  duration  of
60-90 min [36,45].

For aerobic training, the intensity was set at
either 70% [45], 80% heart rate (HR) maximum
[31], or 65-85% HR maximum [36]. In Painter
et al. [33,34], this was progressed up to 75-80% HR
maximum. Tzvetanov et al. [44] stated that partici-
pants were instructed to perform low-repetition,
weight-based exercise. For the resistance training
components, most studies utilized a mixture of
upper and lower body exercises
[29-32,36,38,40,43,45]. Reiss et al. only employed
the use of lower body exercises. The intensity of the
resistance training was only described in four stud-
ies with three [31,32,38] using 80% and another
50% [43] 1-repetition maximum (1-RM). Two stud-
ies used 3 sets of 8-10 [31,40] or 10-12 repetitions
[36]. Reiss et al. used 2 sets of 10-15 repetitions
whilst Eatemadololama et al. [43] used 1 set of
10-15 repetitions. Levels of concordance were diffi-
cult to ascertain, as only six studies reported adher-
ence level [31,32,35,36,40,44]. Where reported, mean
adherence rates were 93%.

Effect of interventions
Survival or event outcomes

No study reported the effect of exercise training on
survival or any other form of clinical event (e.g.
hospitalization rate, complications) as a pri-
mary outcome.

Physical fitness (exercise capacity, strength,
physical function)

Exercise capacity

Ten studies reported outcomes related to exercise
capacity. Six studies measured VO,peak. Six studies
including 257 participants provided VO,peak data
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VO,peak
Exercise Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Greenwood et al. 2015 16 46 26 128 3 20 318%  3.20[1.00,5.40] —
Karelis et al. 2016 253 7 10 202 35 10 6.6%  5.10[0.25,9.95]
Kouidi et al. 2013 332 34 11 276 14 12 331%  5.60(3.44,7.76] —
O'Connor et al. 2017 149 55 22 159 52 20 14.8% -1.00[-4.24,2.24] R
Painter et al. 2002 301 103 52 265 87 43 106% 3.60[-0.22,742] I
Riess et al., 2014 23 10 16 21 10 15  31% 2.00[-5.04,9.04]
Total (95% Cl) 137 120 100.0%  3.51[2.26,4.75] o
Heterogeneity: Chiz=11.72, df = 5 (P = 0.04); I = 57% _110 é i é 110
Test for overall effect: Z = 5.53 (P < 0.00001) Favours [control] ~ Favours [exercise]
6MWT
Exercise Control Mean Difference Mean Difference
Study or Subgroup Mean  SD Total Mean  SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Hernandez Sénchez et al. 2020 695 618 8 5578 463 8 27.5% 137.20(83.69, 190.71] I
Kumar et al. 2020 504 102.2 61 399 707 61 32.8% 105.00(73.81, 136.19] —
O'Brien et al. 2020 1,142 295 27 1,204 266.6 26 10.2% -62.00[-213.27,89.27]
Onofre et al. 2017 5376 837 30 5024 1009 33  29.5%  35.20[-10.43,80.83] T
Total (95% Cl) 126 128 100.0%  76.28 [19.42,133.14] il
Heterogeneity: Tau? = 2312.25; Chi2 = 13.29, df = 3 (P = 0.004); P = 77% _2('.)0 g éo . ; So 250

Test for overall effect: Z=2.63 (P = 0.009)

Favours [control] ~ Favours [exercise]

Figure 2. Forest plot comparing exercise with control on changes in VO,peak (above) and 6-minute walk test (6MWT (below)).
Post-intervention VO,peak values in Koudi et al. were calculated using the baseline values and mean change scores reported.
Post-intervention values in O'Brien et al. taken at 6 months. The SD was estimated from the 95% Cl provided.

appropriate  for meta-analysis. A  significant
improvement of 3.21ml/kg/min [95%CI: 1.11 to
5.32, Z=3.00, p =0.003, Figure 2] was observed fol-
lowing an exercise intervention compared to a con-
trol/usual care group. Statistical heterogeneity was
high (I = 57%). Four studies used the ‘six-minute
walk test’ (6MWT) including 154 participants pro-
vided 6MWT data appropriate for meta-analysis. A
significant improvement of 76.3 meters [95%CI:
19.4 to 133.1, Z=2.63, p=0.009, Figure 2] was
observed following an exercise intervention com-
pared to a control/usual care group. Statistical het-
erogeneity was high (I* = 77%).

Strength
Six studies assessed changes in strength following
exercise; however, the heterogeneity in outcomes
and data meant meta-analysis was not possible.
Greenwood et al. [31] found that isometric quadri-
ceps strength (via digital myometer) was statistically
increased in the resistance training arm only (a dif-
ference at 12-weeks of 33.8N/kg (95%CI: 10.5 to
57.1) vs. the usual care group). No significant differ-
ence was observed in the aerobic training group.
Riess et al. [35] observed significant increases in
1-RM leg press (~45kg) and leg extension (~10kg)
exercises at 12-weeks in the exercise group, although
no change was seen in leg curl strength. Using a
muscle strength index (a composite score of the
combined 1-RM of leg press and chest press

exercises), Karelis et al. [32] reported an increase of
56kg (29%) in the exercise group. Strength was not
assessed in those in the control arm. Painter et al.
[33] found that whilst both groups (exercise vs.
usual care) increased their muscle strength with
time; the change in quadriceps peak torque (ft/lbs)
at 12-months was greater in the exercise group
(70.9 £28.3 vs. 61.2 + 23.0 ft/Ibs, respectively).

Two studies reported no change in strength fol-
lowing an exercise intervention. Onofre et al. [42]
found that an exercise protocol commencing imme-
diately after transplantation did not increase the
maximum isometric strength of the peripheral
muscles (upper (elbow extensor) and lower limb
(knee extension)). Indeed, strength in both the exer-
cise and control group was reduced at discharge
compared to pre-operative values. Upper extremities
muscle strength (via handheld dynamometer) was
unchanged after 12-months in both the exercise and
control groups in Korabiewska et al. [29]. No
change in isokinetic lower limb strength was also
see in Herndandez-Sanchez et al. [40].

Other physical function assessments

Two studies [31,40] used the ‘sit-to-stand-60’ test
(STS-60) including 62 participants provided data
appropriate for meta-analysis. A  significant
improvement of 4.8 repetitions [95%CI: 0.1 to 9.5,
Z=2.01, p=0.04, Figure 3] was observed following
an exercise intervention compared to a control/usual
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Mean Difference
IV, Fixed, 95% CI

Mean Difference
IV, Fixed, 95% CI

Exercise Control
Study or Subgroup Mean SD Total Mean SD Total Weight
Greenwood et al. 2015 33 125 26 2 9 20
Hernandez Sanchez et al. 2020 2719 741 8 2675 8
Total (95% Cl) 34

Heterogeneity: Chiz=1.11, df = 1 (P = 0.29); 1= 10%
Test for overall effect: Z=2.01 (P = 0.04)

28 100.0%

57.0% 7.00[0.78, 13.22] —i—
430% 1.90[-5.26, 9.06) &
4.8110.11, 9.50] el
M b 0 5 10

Favours [control] ~ Favours [exercise]

Figure 3. Forest plot comparing exercise with control on changes in sit-to-stand-60 test performance.

care group. Statistical heterogeneity was low (I° =
10%). Improvements in handgrip strength and
‘timed-up-and-go’ (TUAG) test were seen following
resistance training by Hernandez-Sanchez et al. [40].
Greenwood et al. also revealed a significant mean
difference in the Duke Activity Status Index (DASI)
score between resistance training arm and usual
care group at 12-weeks (8.8+3.4, 95%CI 2.0 to
15.6). There was no change in DASI score in the
aerobic arm.

Health-related quality of life

Four studies [31,33,35,40,44] used the ‘Short-Form-
36’ (SF-36) to assess health-related QoL. Riess et al.
[35] reported the exercise group had a significant
improvement in ‘Social Functioning’, ‘Mental
Composite Score’, and overall QoL scores compared
with the usual care group. Changes in other compo-
nents were not reported. Greenwood et al. [31]
found neither exercise intervention arm had any
effect on the ‘Physical composite score’ or the
‘Mental composite score’. Tzetanov et al. [44] found
that at 6-months, mean SF-36 scores were signifi-
cantly higher in the exercise intervention group
compared with the control group. The exercise
intervention group also showed greater improve-
ments in the domains of Vitality’ and ‘General
health’ scales. In Painter et al. [33], the only scale
on the SF-36 that approached significance during
the 12-months was the “Physical Functioning’.
Herndandez-Sanchez et al. found resistance training
increased the ‘Role-physical’ and “Vitality ‘domains,
as well as reducing the ‘burden of kidney disease’
component on the KDQOL-SF [40]. Using the
World Health Organisation-5 Well Being Index
(WHO-5), Karelis et al. [32] found a significant
increase in well-being score of 13% in the exercise
arm compared to a reduction of 5% in the con-
trol group.

Body composition and body mass

Body mass and body mass index

Five studies including 162 participants reported
changes in body mass suitable for meta-analysis. A
non-significant increase of 1.52kg [95%CI: —2.49 to

5.54, Z=0.74, p=0.46, Figure 4] was observed.
Statistical heterogeneity was low (> = 0%).
Tzvetanov et al. [44] only reported changes in the
exercise intervention group; they found mean total
body mass increased by 5.6kg (from 111.7 +24.6kg
at baseline to 117.3+33.2kg) at 12-months. Five
studies which included 237 participants reported
data regarding changes in BMI. No change (0.25kg/
m* [95%CL: —1.12 to 1.63, Z=0.36, p=0.72, Figure
4]) in BMI was observed. Statistical heterogeneity
was low (I = 0%).

Body composition

Three studies [32,33,44] measured body composition
changes by DXA. However, heterogeneity in the var-
iables presented meant no meta-analysis could be
performed. Painter et al. [33] found an increased fat
mass, lean mass, and body fat % in both the exercise
and control group with no difference in the changes
during the 12-months. Karelis et al. [32] reported
increases in fat mass % in both the exercise and
control group (4.8 and 6.4%, respectively). Lean
mass % was reduced by 1.5 and 2.3% in both
groups, although this was non-significant. Tzvetanov
et al. [44] assessed body composition in the inter-
vention group only. They reported that mean lean
mass increased from 60.8+6.3kg at baseline to
63.1+14.1kg at 12-months, an increase of 2.3kg
(p=0.39). The mean fat mass % decreased slightly
throughout 12-months (no data provided in the
study). No change in rectus femoris muscle thick-
ness was see following 10-weeks of resistance train-
ing by Herndandez-Sanchez et al. [40].

Clinical measures

Endothelial function

Three studies measured pulse wave velocity (PWYV),
a marker of arterial stiffness. Due to the heterogen-
eity of data, a meta-analysis was not possible.
Greenwood et al. [31]. found a significant reduction
in PWV of 22+04 m/s (95%CI: —23.1 to 21.3)
between the aerobic training and usual care groups,
and a significant reduction of 2.6 0.4 m/s (95%CI:
—23.4 to 21.7) between the resistance training and
usual care groups, at 12-weeks. In a 9-month follow
up, O’Connor et al. [37] reported there were no
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Body mass

Exercise Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Greenwood et al. 2015 79 156 26 769 12.1 20 251%  2.10]-5.90, 10.10] ¥
Karelis et al. 2016 718 14 12 73 14 12 12.8% -1.20[-12.40,10.00] bl
O'Brien et al. 2020 848 171 27 875 164 26 198% -2.70[-11.72,6.32] &
O'Connor et al. 2017 798 138 22 725 159 20 197%  7.30[-1.74, 16.34] =
Painter et al. 2002 781 22 54 77 204 43 225% 1.10[-7.36, 9.56] &
Total (95% Cl) 141 121 100.0%  1.52[-2.49,5.54] ’
Heterogeneity: Chiz = 2.67, df = 4 (P = 0.62); 12= 0% f l T i ;
Test i Il effect: 2= 0.74 (P = 0.46 L. U > W
est for overall effect: 2= 0.74 (P = 0.46) Favours [exercise] ~ Favours [control]
BMI

Exercise Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Greenwood et al. 2015 217 46 26 272 36 20 335% 050[-1.87,2.87] ——
Karelis et al. 2016 246 4 12 255 46 12 15.8% -0.90[-4.35, 2.55] A
O'Brien et al. 2020 307 64 27 295 46 26 21.0%  120[-1.79,4.19] —T
Painter et al. 2002 217 74 54 2711 61 43 261%  0.60[-2.09,3.29] —
Tzvetanov et al. 2014 411 54 9 463 93 8  35% -5.20[-12.55, 2.15]
Total (95% CI) 128 109 100.0%  0.25[-1.12,1.63] ?
Heterogeneity: Chi? = 3.04, df = 4 (P = 0.55); = 0% _150 é . 5I 1I0

Test for overall effect: Z=0.36 (P =0.72)

Favours [exercise] ~ Favours [control]

Figure 4. Forest plot comparing exercise with control on changes in body mass (above) and BMI (below). Changes in BMI in
Tzvetanov et al. were calculated using mean change and baseline values. Body mass in O'Brien et al. transformed into kg

from pounds.

significant within-group changes in PWV in the fol-
low-up period. As such, PWV remained significantly
reduced in the resistance training arm vs. the usual
care group (—1.30m/sec, 95%Cl: —2.44 to —0.17)).
When comparing aerobic and usual care groups at 9-
months, the mean difference was —1.05m/sec
(95%CI: —2.11 to 0.017). Tzvetanov et al. [44] found
that mean PWYV decreased substantially from
9.4+6.3 m/s at baseline to 7.7+ 1.7 m/s at 12-months
in the exercise group (a reduction of 1.7 m/s) (PWV
was not measured in the control group). Tzvetanov
et al. [44] also measured carotid intima-media thick-
ness and found a non-significant decrease from
0.64+0.2mm at baseline to 0.60+0 at 12-months in
the exercise group. Riess et al. [35]. used arterial
pulse waveform analysis to measure artery compli-
ance. They found small artery compliance and large
artery compliance were not different between groups.

Heart rate

Three studies including 96 participants reported
maximum HR taken from a cardiorespiratory exer-
cise test and provided data suitable for meta-analysis.
An increase of 524 bpm [95%CL: —0.20 to 10.68,
Z=1.89, p=0.06, Figure 5] was observed following
an exercise intervention compared to a control/usual
care group. Statistical heterogeneity was high (I* =
81%). Three studies, which included 123 participants,

reported resting HR. A non-significant reduction of
1.42 bpm [95% CI: —3.80 to 0.95, Z=1.18, p=0.24,
Figure 5] was observed following exercise. Statistical
heterogeneity was high (I* = 57%).

Renal function

Five studies, including 264 participants, reported on
changes in creatinine and provided data suitable for
meta-analysis. A non-significant reduction of
0.14mg/dl [95% CI: —0.28 to 0.00, Z=1.94,
p=0.05, Figure 6] was observed following exercise
compared to the control/usual care group. Statistical
heterogeneity was moderate (I° = 26%). It is
important to note that exercise did not augment
reductions in creatinine post-transplant with two
studies reporting reductions of creatinine in both
exercise and control/usual care groups. Juskowa
et al. [30] reported that creatinine decreased signifi-
cantly in both groups by 4.41 mg/dL in the exercise
group and 5.23mg/dL in the control group.
Similarly, Korabiewska et al. [29] found a reduction
in creatinine of 0.55mg/dL in the exercise group
and 1.02 mg/dL in the control group.

Conversely, Painter et al. [33] found a non-sig-
nificant decrease in creatinine of 0.2mg/dL in the
exercise group with an increase of 0.2 mg/dL in the
control group at 12-months. Tzvetanov et al. [44]
observed that mean serum creatinine was reduced
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Exercise Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
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Experimental Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Greenwood et al. 2015 83.2 13 26 881 87 20 14.3% -4.90[-11.19,1.39] = I

Kouidi et al. 2013 724 39 11 718 34 12 62.7%  0.60[-2.40, 3.60]

O'Brien et al. 2020 528 82 27 -048 101 26 229% -4.80[-9.76,0.16]
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Figure 5. Forest plot comparing exercise with control on changes in maximum (above) and resting (below) heart rate (HR).
Post-intervention HR values in Kouidi et al. were calculated using the baseline values and mean change scores reported. The
SD was estimated from the 95% Cl provided.

Exercise Control Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Hernandez Séanchez et al. 2020 13 04 8 15 05 8 6.0% -042[-141,058]
Juskowa et |. 2006 15 06 32 19 06 37 252% -0.66[-1.15,-0.17] L
Korabiewska et al. 2007 15 04 35 1504 32 259% 0.00[-0.48, 0.48] —_—
Painter et al. 2002 15 7 52 18 15 43 365%  -0.06[-0.46,0.35] e
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Figure 6. Forest plot comparing exercise with control on changes in creatinine.

in the exercise group at 12-months (—0.27 mg/dL)
but increased in the control group (+0.09 mg/dL).
Greenwood et al. [31] reported changes in creatin-
ine-based eGFR. Compared to usual care, the exer-
cise intervention had no significant effect with all
groups showing increases (between 0.3 and 4.2ml/
min/1.73m?) over the 12-week intervention.

Blood pressure

Seven studies including 306 participants reported on
changes in systolic and diastolic blood pressure suit-
able for meta-analysis. Non-significant increases of

0.04 mmHg [95%CI: —0.18 to 0.27, Z=0.35,
p=0.72, Figure 7] in systolic blood pressure and
0.04 mmHg [95%CI: —0.18 to 0.27, Z=0.36,

p=0.72, Figure 7] in diastolic blood pressure was
observed following exercise. There was no evidence
of statistical heterogeneity for the systolic (I*=0%)
and diastolic values (I> =11%). Tzvetanov et al. [44]
did not present any data although stated that there

was no significant difference in blood pressure con-
trol measured between groups.

Haemoglobin

Three studies of 235 participants reported on
changes in haemoglobin and provided data suitable
for meta-analysis. A non-significant improvement of
0.22mg/dL  [95% CI. —0.09 to 0.53, Z=1.37,
p=0.17, Figure 8] was observed following exercise.
Statistical heterogeneity was low (I* = 0%).

Markers of dyslipidemia

Lipoproteins
Three studies reported on changes in high-density
lipoprotein (HDL) and provided data for 185 partic-
ipants suitable for meta-analysis. A significant
improvement of 0.13mg/dL [95%CI: 0.01 to 0.26,
Z=2.15, p=0.03, Figure 9] was observed following
an exercise intervention compared to a control/usual
care group. Statistical heterogeneity was low (I*
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Systolic blood pressure

Exercise Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% ClI
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Riess etal., 2014 57 69 14 15 128 13 8.7% 0.40[-0.36, 1.16]
Total (95% CI) 161 146  100.0% 0.04[-0.18, 0.27]
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Figure 7. Forest plot comparing exercise with control on changes in systolic (above) and diastolic (below) blood pressure.

Data from Riess et al. inputted as change from baseline.

Exercise Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Juskowa et I. 2006 997 09 32 98 065 37 69.8% 0.17[-0.21,0.55] —
Korabiewska et al. 2007 1325 145 35 1321 234 32 11.1% 0.04[-0.90,0.98] .
Painter et al. 2002 136 17 54 131 19 45 192% 050[-0.22,1.22] =
Total (95% Cl) 121 114 100.0% 0.22 [-0.09, 0.53] ’
1 l 1 l

Heterogeneity: Chi? = 0.79, df = 2 (P = 0.67); I*= 0%
Test for overall effect: Z=1.37 (P = 0.17)
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Figure 8. Forest plot comparing exercise with control on changes in haemoglobin.

0%). Sensitivity analysis (Supplementary material 2)
revealed a large effect of Karelis et al. [32] in this
analysis. Two studies including a total of 89 partici-
pants reported on changes in low-density lipopro-
tein (LDL) suitable for meta-analysis. A non-
significant increase of 0.22 mg/dL [95%CI: —0.29 to
0.73, Z=10.84, p=10.40, Figure 9] was observed fol-
lowing exercise. Statistical heterogeneity was high
(I* = 66%). Tzvetanov et al. [44] stated that there
were no differences between groups in LDL or HDL
although data were not presented.

Triglycerides
Two studies including 89 participants reported on
changes in triglycerides. A non-significant increase

of 0.05mg/dL [95%CL: —0.31 to 0.40, Z=0.26,
p=0.80, Figure 9] was observed following exercise.
Statistical heterogeneity was low (> = 0%).
Tzvetanov et al. [44] stated that there were no dif-
ferences between groups in triglycerides although
data were not presented.

Glucose (fasting)

Two studies reported on changes in fasting glucose
and provided data suitable for meta-analysis for 89
participants. Data from Juskowa et al. [30] was
transformed into mmol/L. A non-significant
decrease of 0.01 mmol/L [95%CI: —0.20 to 0.18,
Z=0.10, p=0.92, Figure 9] was observed following
exercise. Statistical heterogeneity was low (I* = 0%).
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HDL
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Fasting glucose

Exercise Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Juskowa et |. 2006 214 03 32 215 05 37  96.9% -0.01[-0.20,0.18]
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Test for overall effect: Z=0.10 (P = 0.92)
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Figure 9. Forest plot comparing exercise with control on changes in lipid profile (HDL, LDL, triglycerides, and fasting glucose).

Tzvetanov et al. [44] stated that there were no dif-
ferences between groups in fasting glucose. Karelis
et al. [32] also observed no change in glucose from
an oral glucose tolerance test.

Other reported effects

Inflammation

Compared to usual care, aerobic training or resist-
ance training had no significant effect on high-sensi-
tivity C-reactive protein, TNF-a, TNFR-1, TNFR-2,
fetuin-A, or IL-6 values [31].

Bone health

Two studies reported changes in markers of bone
health. Eatemadololama et al. [43] reported a small
increase (1.4%) in femur bone mineral density

(BMD), although no change in lumbar spine BMD.
Painter et al. [34] found no change in total BMD
following exercise.

Cardiovascular disease risk assessment

Two studies reported changes in cardiovascular dis-
ease risk. No differences between the exercise and
usual care groups in the Framingham CVD risk
score [35] or 10-year coronary heart disease risk
[34] were reported.

Sleep

One study assessed changes in sleep following exer-
cise [45]. Exercise training resulted in improved
sleep quality (Pittsburg Sleep Quality Index (PSQI))
and quantity (self-reported).
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Adverse events and injuries

The explicit occurrence (or lack of occurrence) in
adverse events or injuries were not stated in 11
studies. Three studies explicitly stated that no
adverse events occurred as part of the intervention
[31,32,40]. O’Connor et al. [37] reported that from
baseline until 12-months (i.e. encompassing the
exercise period reported in Greenwood et al. [31]),
15.4% of patients in the exercise groups were hospi-
talized, this was compared to 40% of patients in the
control arm. They reported no difference in rejec-
tion rates between groups. No deaths were observed
in the study. A higher incidence (30.8%) in of ‘new-
onset diabetes after transplantation’ (NODAT) was
seen in both exercising groups compared to 10% in
the control group.

‘Leave-one-out’ sensitivity analysis

A leave-one-out sensitivity analysis revealed that
6MWT test changes would become insignificant
with either the exclusion of Hernandez-Sanchez
et al. and Kumar et al. Excluding Greenwood et al.
would make changes in the STS-60 insignificant,
although would make increases in maximum heart
rate significant. With Karelis et al. removed, HDL is
no longer significant, and removal of Kouidi et al.
makes the reduction in resting heart rate significant
(Supplementary material 2).

Risk of bias assessment and publication bias

Risk of bias summaries for all included studies is
provided in Figure 10. All studies were rated as
moderate to high risk of bias, primarily due to
insufficient reporting. Funnel plots were analysed
for evidence of publication bias. Funnel plots for
significant outcomes (VO,peak, 6MWT, STS-60,
HDL) are shown in Figure 11. Overall, publication
bias was observed for HDL, creatinine, glucose, and
maximum HR.

Discussion

Increasing physical activity through appropriate
exercise training should form an important part of
post-transplant rehabilitation and a healthy lifestyle
[3]. However, evidence for the beneficial effects of
exercise in KTRs remains scarce. In this review, in
16 RCTs, exercise interventions varied by duration,
frequency, and type, with a large heterogeneity of
participants. The review found favorable effects on
exercise capacity (VO,peak and 6MWT), physical
function, HDL, renal function, and HR, however, no
changes were seen in body mass, blood pressure, or
other markers of dyslipidemia. Isolated studies
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Figure 11. Funnel plots for significant variables. SE = Standard error, MD = Mean difference.

reported improvements in endothelial health, QoL,
strength, and body composition. Nevertheless, the
conclusions are limited by small samples, risk of
bias, and statistical heterogeneity.

KTRs are often characterised by diminished exer-
cise capacity and low muscle function. Findings
showed exercise improved physical and exercise cap-
acity (VOjpeak of 3.21 ml/kg/min and 6MWT of
76.3 meters). VO,peak is the ‘gold standard’ meas-
ure of cardiorespiratory function. Low VO,peak is a
consistent predictor of mortality, and in those await-
ing a kidney transplant can predict future cardiac
events [46]. The findings support that of a recent
meta-analysis of aerobic exercise training in non-
dialysis CKD [47] which found an increase of
2.08 ml/kg/min. The 6MWT is also a predictor of
mortality in CKD [40] and the increase of 76.3
meters surpasses the minimal clinical important dif-
ference (MCID) for this test [48]. Whereas the
improvement of exercise capacity was typically
observed after programmes incorporating an aerobic
component, increases in muscle strength of upper-
and lower-body muscle groups were supplemented
through the inclusion of resistance training.
Changes in muscle strength are likely due to
improvements in muscle mass and/or metabolic
functioning, and increases in lean tissue were
observed [33,44].

Obesity, and weight gain, is frequently observed
in KTRs post-transplantation [4,49]. Increased obes-
ity is an important CVD risk factor exacerbating
metabolic syndrome and inflammatory status [50],
leading to increased mortality and graft failure [4].
Controlling, or limiting, weight gain is a key com-
ponent of post-transplant management [49]. The
review found exercise did not alter body mass or
BM]I, even in a study targeted at obese patients [44].
In studies that concurrently assessed body compos-
ition by DXA [32,33], increases in fat mass were
seen. Increases in body/fat mass in KTRs have been
linked with changes in appetite, depletion of uremic
status after transplantation, and the effect of
immunosuppressive medications. In the majority of
studies increases in body mass (and/or fat mass)
were observed in both the exercise and control
groups; consequently, the weight gain is likely due
to recognised post-transplant changes. Whilst exer-
cise may attenuate increases in body mass [32], the
transplantation process may confound any beneficial
effects of short-term exercise. Complex interventions
encompassing physical activity and dietary behav-
iour change warrant further investigation.

Other CVD risk factors include hypertension and
dyslipidemia [6,51]. There is well-defined evidence
suggesting that exercise has favorable effects on
blood pressure, possibly via reductions in insulin
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resistance [52]. No change in blood pressure was
seen supporting findings in non-dialysis CKD [47].
This may be explained by generally well-controlled
blood pressure through the use of anti-hypertensive
drugs. Characterised by elevated fasting blood glu-
cose, NODAT is common in KTRs [53] and may
severely impact graft and patient survival [54,55].
Whilst interventions to improve glucose control are
lacking [13], it is generally considered that exercise
can improve glucose control [54] and is recom-
mended as a possible means to control NODAT
[53]. However, the analysis showed no effect of
exercise on resting glucose levels, although this evi-
dence comes from only two studies of short dur-
ation. O’Connor et al. reported a higher incidence
of NODAT in both exercising groups compared to
the control group. The supports the need for weight
loss counselling and/or diet modification, as shown
in Sharif et al. [56], to manage diabetes risk.

Dyslipidemia (abnormal lipid profile) is common
in KTRs [51,57] and increases the risk for CVD.
Increases in total cholesterol and triglycerides may
partly be due to the use of immunosuppressant
medication [51]. Apart from HDL, no effect on lipo-
proteins was observed. Exercise, of sufficient stimu-
lus, is widely recognized to raise HDL levels [58]
and the findings support that of the Pei et al. meta-
analysis in non-dialysis CKD patients. With low
HDL levels associated with graft failure in KTRs,
exercise may be an attractive means to increase
HDL and may confer positive effects on graft func-
tion [59]. The reasons for the lack of effect on many
traditional CVD risk factors are unknown and are
likely confounded by the multiple pathological fac-
tors that contribute to high CVD risk in these
patients. It is important to state that many of the
interventions were of short duration and may not
be sufficient enough to overcome these factors.
Indeed, some of these risk factors may also be
resistant to exercise alone and may require a com-
binatorial lifestyle approach [24].

Exercise appeared to have beneficial effects on
endothelial function, especially arterial stiffness—an
important marker of cardiovascular health and pre-
dictive of outcome in haemodialysis and CKD [60].
Exercise reduced PWV between 1.7 and 2.2m/s.
These findings are clinically important as increases
in PWV of 1 m/s are associated with a 36% increase
in mortality in KTRs [61]. O’Connor et al. [37]
found that the reduction of PWV from just 12-
weeks of exercise can be sustained through self-
managed physical activity. The review found a mod-
erate, albeit non-significant, increase in maximum
HR (5.24 bpm). This supports previous findings in
non-dialysis CKD whereby a mean difference of
5.69 bpm was observed [47]. The absence of

adequate procedural details of measuring maximum
HR or the short duration of training may explain
this finding.

Decreased level of kidney function is an inde-
pendent CVD risk factor [62]. Increased eGFR
(through improved creatinine clearance) is expected
post-transplantation with allograft kidney function
(eGFR) used as a surrogate marker for allograft sur-
vival [23]. Although evidence on the additive effect
of exercise on eGFR in KTRs is limited, in non-dia-
lysis CKD, a recent meta-analysis found exercise has
favorable effects on eGFR, likely mediated by reduc-
tions in blood pressure and BMI [63]. Exercise
training resulted in a moderate (0.14 mg/dl) reduc-
tion in creatinine. Differences in transplant vintage
and the natural ‘recovery’ of renal function after
transplantation may have confounded any exer-
cise effects.

The majority of studies included in this review
recruited patients with an established transplant,
however, patients with ‘new’ transplant were investi-
gated in two studies. Onofre et al. [42] employed a
daily supervised physiotherapy programme that
included both walking and resistance training,
immediately post-transplantation, whilst Juskowa
et al. [30] recruited patients after 2-3 days where
they underwent daily supervised and unsupervised
strengthening exercises. In both studies, no benefits
of exercise were reported, and in Onofre et al. [42],
intensive physiotherapy did not attenuate the reduc-
tions in exercise capacity or peripheral muscle
strength when compared to standard care (e.g. sim-
ple mobility encouragement). As such, exercise
training immediately post-transplantation may not
offer any additional benefits above that of stand-
ard care.

There are limitations to this review. No study
reported the effect of exercise training on ‘hard’
clinical outcomes such as mortality or graft func-
tion, often relying on surrogate markers. O’Connor
et al. did report hospitalizations under adverse
events although this was not specifically reported as
an effect of exercise. Although the search was lim-
ited to only RCTs, which reduced bias to a certain
extent, the designs of these trials were not consist-
ent. Further, some study designs and methods, such
as randomization, were not clearly described. Whilst
the review set out to capture as many outcomes as
possible, those reported were numerous and of het-
erogeneous quality meaning data-synthesis were lim-
ited. Overall, sample sizes were small with the
largest study including <150 participants. The
review showed that basic training principles such as
exercise modality, intensity, and frequency were
poorly described, and make replication of these
interventions difficult. The majority of studies



included interventions of relatively short duration
and thus, conclusions of the long-term effects can-
not be made. In future research, where possible,
exercise principles (e.g. type, frequency, and inten-
sity) should be reported in detail, and only validated
and established outcome measures should be used.

Conclusion

This meta-analysis demonstrates that exercise train-
ing interventions in KTRs have a mixed impact on
outcomes. Whilst exercise improves exercise cap-
acity, some markers of dyslipidemia, renal function,
arterial stiffness, and QoL. No effects were seen on
other factors such as body mass or glycemic control.
The effects of exercise are confounded by complex
changes post-transplant and the majority of studies
were of a small sample and short duration with a
high risk of bias. Data from this review were used
to inform the ‘Exercise and Lifestyle in Chronic
Kidney Disease’ Clinical Practice Guidelines [64]
and whilst the variability in interventions cannot
conclude which exercise modality is best, the major-
ity of the efficacious studies described here prescribe
exercise at least 3x/week for a duration of between
30-60 min for 3-6 months. As such, it is realistic to
propose an exercise intervention of at least this
length may be beneficial and that exercise, where
possible, should be tailored to the comorbidities and
the individual’s own goals and capacity. Based on
the findings of this review, we recommend that aer-
obic exercise should be performed at an intensity of
>60% of maximum (either based on HR or
VO,peak). The addition of resistance training is
important for improving muscle function and
should be performed at an intensity of >60% 1-RM
at least 2x/week. Overall, the attainment of
>150min of total physical activity, including struc-
tured exercise, is recommended in CKD [64], and
this could consist of ~3-4 sessions progressing to
~30-60 min Whilst exercise immediately post-trans-
plantation does not appear to have any additive
effects, mobility should be encouraged as per stand-
ard care. To better address the effect of exercise in
KTRs, it is recommended that further studies are
needed that include more participants and which
evaluate long-term effects.
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