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ABSTRACT
Background:  Kidney transplant recipients (KTRs) exhibit a high prevalence of cardiovascular 
disease (CVD) and adverse changes in physical fitness and body composition. Post-transplant 
management recommends being physically active and evidence in this field is growing. The aim 
of this review was to update our previous systematic review and meta-analysis of randomized 
controlled trials (RCTs) assessing the effects of physical activity and exercise training interventions 
in KTRs.
Methods:  A comprehensive literature search between March 2021 and September 2024 identified 
seven additional RCTs. Therefore, this updated review and meta-analysis includes 23 RCTs. 
Outcomes included cardiorespiratory fitness (CRF), strength, blood pressure, body composition, 
heart rate, markers of dyslipidemia and kidney function, and health-related quality of life.
Results:  Twenty-three RCTs, including 1,139 KTRs, were included. The median intervention length 
was 12  weeks with participants exercising between 2 and 7×/week. Most studies used a mixture 
of aerobic and resistance training but reporting and intervention content was highly varied. 
Significant improvements were observed in CRF (V̇O2peak; +3.87 mL/kg/min, p  =  .0004), physical 
function (sit-to-stand-60; +7.72 repetitions, p  =  .0001), and high-density lipoprotein (HDL; 
+0.13 mmol/L, p  =  .02). Isolated studies reported improvements in strength, bone health, lean 
mass, and quality of life (QoL). All studies were found to have a high or moderate risk of bias.
Conclusions:  Exercise training or increasing physical activity may confer several benefits in adult 
KTRs, especially through the improvements in CRF and HDL which have been linked to CVD risk. 
Despite new literature, there is still a need for long-term larger sampled RCTs and more detailed 
reporting of intervention details and program adherence.

Introduction

Kidney transplantation is the optimal choice of kidney replace-
ment therapy (KRT) for many patients with end-stage kidney 
disease (ESKD). It improves patient survival and quality of life 
(QoL) compared to remaining on dialysis [1]. However, meta-
bolic derangements related to ESKD persist despite transplan-
tation, and cardiovascular disease (CVD) remains a leading 
cause of morbidity, mortality, and the leading cause of reduced 
long-term graft survival (16.6%; UK Renal Registry, 2024) [2]. 
Cardiovascular-related death is the foremost cause of graft loss 

(40.8%; death with functioning transplant) [3] and clustering of 
traditional and nontraditional risk factors contribute to this ele-
vated cardiovascular risk [4]. Traditional risk factors include 
hypertension, diabetes, smoking, obesity, sedentary behavior, 
and dyslipidemia. Nontraditional (or kidney-specific) risk factors 
include renal impairment, inflammation, proteinuria, anemia, 
endothelial dysfunction, and impaired bone mineral metabo-
lism. Strategies that address both traditional and nontraditional 
risk factors that drive CVD are essential to improve outcomes 
for this unique patient population.
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Appropriate self-management and a healthy lifestyle are 
recommended for post-transplant care in kidney transplant 
recipients (KTRs). A key component of this is being suffi-
ciently active (e.g., through structured exercise). In the UK, 
clinical practice guidelines for exercise in KTRs are closely 
aligned to those of the World Health Organization for the 
general population (150 min of moderate to vigorous activity 
or 75 min of physical activity per week as well as strength 
exercise) [5]. Despite physical activity levels increasing 
post-transplant [6,7], less than one-third of KTRs meet these 
recommendations [8], and levels remain below age-matched 
healthy controls [6]. Physical limitations [9], comorbidities 
[9,10], muscle weakness and atrophy [11,12], depression [12], 
fatigue [9], and fear of injury [13,14] put KTRs at risk of 
reduced exercise tolerance as well as a lack of guidance [15] 
and reduced motivation [10,16]. There is strong epidemiolog-
ical evidence suggesting physical inactivity pre- and 
post-transplant is associated with increased cardiovascular 
and all-cause mortality [17–19]; however, programs of exer-
cise, education, and lifestyle have not been embedded into 
routine clinical care [20]. While safety concerns have been 
raised, and literature is limited, no significant adverse events 
have been associated with regular physical activity or exer-
cise training in KTR [21,22].

Our previous systematic review and meta-analysis identi-
fied 16 randomized controlled trials (RCTs) which showed 
beneficial effects of exercise training on cardiorespiratory fit-
ness (CRF), physical function, and high-density lipoprotein 
(HDL). However, the previous meta-analysis is now three 
years old and, in a fast-growing field of interest, further RCTs 
have been published. As part of efforts to update and 
develop exercise and physical activity clinical practice guide-
lines for post-transplant care in the UK, using a wider search 
strategy and an updated methodology, this review was able 
to include more RCTs and provide a comprehensive 
meta-analysis and narrative synthesis where appropriate.

Therefore, the overall aim of this review was to update 
our previous systematic review and meta-analysis of RCTs 
investigating the effects of physical activity and/or exercise 
training interventions in KTRs with the following specific 
objectives.

Primary

To assess the effects of exercise interventions on ‘hard’ clini-
cal outcomes or events such as mortality, morbidity, hospital-
ization, and complication rates (e.g., transplant graft function/
rejection rates).

Secondary

• To assess the effects of exercise interventions on 
other outcomes such as physical fitness (exercise 
capacity, strength), body composition, cardiovascular 
risk factors (lipid profile, blood pressure, diabetes), 
health-related QoL, patient reported outcome mea-
sures (e.g., symptoms, fatigue), and markers of kidney 
function, bone health, and immune function.

• To summarize intervention characteristics based on 
personnel, setting, frequency, intensity, type, dura-
tion, and adherence.

Materials and methods

A systematic literature search was undertaken per ‘The 
PRISMA Statement for Reporting Systematic Reviews and 
Meta-Analyses of Studies That Evaluate Health Care 
Interventions’ [23].

Protocol and registration

This review describes an updated review of a previously pub-
lished systematic review and meta-analysis of Wilkinson et  al. 
[24]. The protocol for this updated review was prospectively 
registered (original 23 January 2020; re-opened 6 March 
2024) on PROSPERO (CRD42020163687).

Eligibility criteria

Types of studies
Randomized clinical trials studying the effect of either physi-
cal activity or exercise intervention, either supervised or 
unsupervised, on outcomes in adult patients with a kidney 
transplant. Only English language studies were included. 
Given the high risk of potential selective reporting, unpub-
lished material and abstracts were not included. As specified 
by the United Kingdom Kidney Association (UKKA) [25], 
reports detailing protocols, letters, editorials, and conference 
communications were excluded. Observational studies and 
interventions consisting only of physical activity counseling 
were excluded. As this is an updated review, we searched 
from the last search date in Wilkinson et  al. [24] (March 2021) 
until September 2024.

Types of participants
Participants aged ≥18  years who had received a kidney trans-
plant or were awaiting a kidney transplant (including those 
receiving dialysis therapy) where any intervention com-
menced post-transplantation. All types of donors were 
included. Studies conducted in those on dialysis or with 
non-dialysis CKD were excluded.

Types of intervention and comparison
Studies investigating the effects of any form of physical 
activity and exercise intervention were included. There was 
no restriction regarding sample size, study location, or dura-
tion of the intervention. This review is restricted to studies of 
a randomized nature with a non-exercise, sham exercise, or 
guideline-directed care (usual care) control.

Types of outcome measures
Primary outcomes.  As preferred in UKKA clinical guideline 
recommendation development [25], the primary outcomes of 
interest were ‘hard’ clinical outcomes or events such as 
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mortality, morbidity, hospitalization, and complication rates 
(e.g., transplant graft function/rejection rates). These were 
defined on a per-study basis.

Secondary outcomes. 
• Physical fitness (exercise capacity, strength);
• Body composition and body mass;
• Cardiovascular risk factors (lipid profile, blood pres-

sure, diabetes);
• Health-related QoL outcomes;
• Markers of immune function;
• Markers of bone health;
• Patient reported outcome measures (e.g., symptoms, 

fatigue);
• Kidney function (creatinine, eGFR);
• Adverse events including serious and non-serious injury.

Information sources

The following electronic databases were searched from their 
date of establishment from March 2021 to September 2024: 
(1) National Centre for Biotechnology Information (NCBI) 
PubMed (which includes the Medical Literature Analysis and 
Retrieval System Online (MEDLINE)) and the (2) 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; exer-
cise; exercise therapy; and RCT. 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 were also hand-searched [26–28].

Data collection process and data items

Title and abstract screening were performed independently 
by two independent reviewers (TJW and REB) using 
Covidence. Initial data extraction was performed by one 
reviewer (TJW) with extracted data confirmed by NCB, REB, 
CJL, and SAG. Each full-text article was assessed for risk of 
bias (RoB) by two authors independently. The data items 
extracted can be seen in Table 1. Any disagreements were 
resolved by the inclusion of a third reviewer. Authors were 
contacted for raw data where data were missing or deemed 
unusable within the meta-analyses.

Risk of bias in individual studies and publication bias

Pairs of reviewers working independently assessed the RoB 
for each study. The RoB was assessed according to the 

Figure 1. PRiSMa flow diagram of a systematic search of the literature and included studies (up to September 2024).

https://doi.org/10.1080/0886022X.2025.2480246
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Cochrane Risk of Bias assessment tool and defined as high, 
low, or unclear across the five domains [52]. Overall study 
risk was determined as (i) low RoB (all criteria graded low), 
(ii) moderate RoB (one criterion graded high or two unclear); 
and (iii) high RoB (more than one criterion graded high or 
more than two unclear). There was an agreement in 64% of 
statements (κ  =  0.37). Any differences and discrepancies were 
reviewed by TJW (as a third reviewer). Funnel plots were 
used to assess the risk of publication bias if there were >10 
studies.

Summary measures

All outcomes were treated as continuous data and inter-
preted as mean differences. Analyses were primarily based 
on final values post-intervention. Where baseline imbalances 
existed between groups, analyses were based on changes 
from baseline [53]. Where appropriate, post-intervention val-
ues were calculated from available data [54]. Where studies 
had more than one relevant intervention group, means and 
standard deviation (SD) were combined using the methods 
described within the Cochrane Handbook [54].

Synthesis of results

Meta-analysis
Statistical heterogeneity was assessed using the I2 test [53]. 
Although an I2 value ≥40% is conventionally used to indicate 
moderate heterogeneity in the literature, we also took into 
account the magnitude of effects and strength of evidence 
(e.g., p value from χ2 test) in our interpretation [55]. When 
considerable heterogeneity (>50%) was identified, efforts 
were made to reduce the I2 value by removing studies at 
high RoB (studies with ≥2 criteria graded high). If I2 was 
reduced then both forest plots are displayed (both with and 
without studies removed). If the I2 value remained consider-
able then a meta-analysis was not performed and outcomes 
were narratively described (as described below). Forest plots 
of excluded meta-analyses are provided in Supplementary 
material 2. With an overall intention to generalize the results 
beyond the included studies [55], and as the effects of exer-
cise interventions were deemed to be highly variable accord-
ing to age, sex, training duration, frequency, and type 
characteristics, a random-effects model was chosen to calcu-
late the average distribution of treatment effects that can be 
expected. When the standardized mean difference (SMD) was 
used, we translated this to the units of the test to make it 
more clinically relevant by multiplying the SMD generated 
from the meta-analysis by the pooled post-intervention 
SDs [56].

Data analysis was conducted using Review Manager 
(RevMan) [Computer program]. Version 5.4.1, The Cochrane 
Collaboration, 2020.

Narrative synthesis
When meta-analysis was not appropriate, data were narra-
tively described within the text (if two or more studies 

reported on the outcome) and a direction of effect was gen-
erated for all outcomes (in Table 1). An estimate of the pro-
portion of effects favoring the intervention (exercise) was 
calculated along with a 95% confidence interval. To assess if 
there was any evidence of an effect of exercise, summary 
outcome metrics are shown using a vote count of each effect 
direction as recommended by the Cochrane Handbook. A 
sign test was used to examine the probability of observing 
the given pattern of positive effect direction across studies if 
the null hypothesis of even distribution of positive and neg-
ative results was true. Statistical significance was recognized 
as p  <  .05.

Results

Study selection

Following a re-run of searches in September 2024, seven 
new studies were identified [45–51] and as such, in total, 23 
studies were eligible for inclusion. Due to inadequate report-
ing and a wide heterogeneity of measures, 19 of these trials 
provided information for use in meta-analyses. Figure 1 pro-
vides a PRISMA diagram of the included studies.

We found three instances of reports from the same origi-
nal study. O’Connor et  al. [41] was a 12-month follow-up of 
Greenwood et  al. [37]. Both studies were retained as they 
provided unique data on the effect of exercise and the 
longer-term effect of self-managed physical activity. Two 
studies by Painter et  al. [29,30] were identified (an initial 
study and a secondary analysis). Both reports were retained 
as they reported different data and patient sample sizes and 
may be prone to bias. A 6-month follow-up by O’Brien et  al. 
[45] was found and included in the qualitative analysis as it 
provided information on intervention maintenance. The three 
follow-on/secondary reports were not included in the sample 
size descriptions below.

Study characteristics

Table 1 provides a summary of the characteristics of the 
included trials.

In total, n  =  1,139 patients were randomized to receive 
exercise (n  =  618) or control (n  =  521) across the 20 unique 
studies. Total study sample sizes ranged from n  =  16 to 
n  =  221. The median and mean total sample sizes were 
n  =  57 and n  =  49, respectively.

Included trials were published between 2002 and 2024 in 
English and were conducted in Brazil (2), UK (2), USA (6), 
China (1) Canada (2), Greece (2), Poland (2), Spain (1), 
Netherlands (1), India (1), and Iran (3). When stated, all stud-
ies utilized a 1:1 or 1:1:1 randomization, apart from Kastelz 
et  al. (2:1) [47].

Nineteen studies reported two distinct groups (an exer-
cise group and a control group) while the ExeRT study [37,41] 
had three groups (two exercise arms – separated into resis-
tance training (RT) and aerobic training (AT)). Data from a 
third non-kidney transplant ‘healthy’ group in the study by 
Kouidi et  al. were excluded [33], and data from a third 

https://doi.org/10.1080/0886022X.2025.2480246
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combined exercise and diet intervention group in the study 
by Knobbe et  al. were excluded [51]. In the latter study, the 
15  month intervention consisted of 3  months of structured 
exercise training combine with lifestyle counseling and a fur-
ther 12 months of lifestyle counseling; included meta-analyzed 
data is at 15  months [51].

The control group was often described as a ‘usual/stan-
dard care’ group. Two studies actively instructed patients in 
this group not to exercise [33,38]. The ‘standard care’ in one 
study involving patients in acute post-transplant aftercare 
involved daily physiotherapist visits and mobility encourage-
ment [40]. In Kumar et  al., control participants received basic 
physiotherapy [42], while in both of the O’Brien et  al. reports 
[44,45], the control group received an activity tracker but no 
supplementary behavior change intervention. The usual care 
group in Zhang et  al. involved routine nursing care that con-
sisted of exercise suggestions [50].

All exercise interventions were conducted post- 
transplantation. Four studies recruited patients immediately or 
recently post-transplant [29,31,32,38]. Two studies completed 
baseline assessments before transplantation [40,50]. One study 
employed immediate daily post-operative supervised physio-
therapy for 30 min with RT introduced from day two; this was 
continued until discharge [40]. Juskowa et al. recruited patients 
2–3  days after transplantation [31] and participants in Painter 
et  al. were recruited <1  month after transplantation [29]. 
Participants in Zhang et  al. commenced exercise on 
post-operative day 3 after a safety assessment [50]. Three 
studies [37,39,49] recruited participants during the first year 
post-transplantation.

Reporting of exercise interventions

Detailed reporting of the exercise interventions was generally 
lacking in several studies and the details provided ranged 
widely (Table 2).

Risk of bias within studies

The majority of studies (19/23) were found to be at high RoB, 
four were of moderate RoB, and zero at low RoB. Selective 
reporting and incomplete outcome data were the most fre-
quent causes of bias identified. Randomization processes 
were generally well described across most studies. The RoB 
per study and a summary of the RoB can be found in Figures 
2 and 3, respectively.

Narrative synthesis

No studies reported data on mortality, morbidity, or 
hospitalization.

Body composition
Markers of lean mass and muscle mass or size.  Eight studies 
reported changes in markers of either lean or muscle mass 
(or size) following exercise [29,34,35,38,43,46,50,51]. Only 

Lima et  al. found a significant increase in fat-free mass (kg 
and %) and lean body mass when compared to control [46].

In contrast, Painter et  al. found an increased lean mass in 
both the exercise and control groups with no difference in 
the changes during the 12  months [29]. Zhang et  al. [50] 
reported no changes in fat-free mass and no change in rec-
tus femoris muscle thickness was seen following 10  weeks of 
RT by Hernández Sánchez et  al. [43]. In Tzvetanov et  al., data 
on body composition were available only for the intervention 
group [34]. Mean lean mass increased from 60.8 kg at base-
line to 62.0 kg at 6  months and 63.1 kg at 12  months, 
although this was not significant. No significant change in 
lean body mass (assessed using skinfolds) was found in Riess 
et  al. between groups (exercise 0.9  ±  3.64 kg vs. usual care: 
−0.6  ±  2.69 kg) [35]. Lean mass % was reduced by 1.5 and 
2.3% in both groups, although this was non-significant in 
Karelis et  al. [38]. Dry lean weight increased slightly during 
the 15  months in the study by Knobbe et  al. in the exercise 
group, but this change was not significantly different to con-
trol [51].

Overall, there was no evidence that exercise had a favor-
able effect on markers of lean or muscle mass (or size), with 
one of eight studies favoring the intervention (13% [95%CI: 
0–35%], p  =  1.00).

Markers of fat mass and adiposity.  Seven studies reported 
changes in markers of fat mass and adiposity following 
exercise [29,34,38,44,46,50,51]. Tzvetanov et  al. found the 
mean percent of fat decreased slightly throughout the 
course of 12  months (although no data were provided in 
the study) [34]. Lima et  al. found a significant within-group 
reduction in waist circumference. They also reported a 
significant reduction in body fat% when compared to 
control [46]. Knobbe at al. found no significant between 
group difference in change in body fat% or body fat (kg) 
between exercise and control but showed a smaller 
increase in waist circumference in the exercise group at 
15  months [51].

Painter et  al. found an increased fat mass and body fat % 
in both the exercise and control groups with no difference in 
the changes during the 12 months [29]. Karelis et al. reported 
increases in fat mass % in both the exercise and control 
groups (4.8 and 6.4%, respectively) [38]. No changes in body 
fat % were found in Zhang et  al. [50]. In their initial study, 
O’Brien et  al. found no change in waist circumference [44], 
with no further changes reported at 6  months [45].

Overall, there was no evidence that exercise had a favor-
able effect on fat mass or markers of adiposity, with two of 
seven studies favoring the intervention (29% [95%CI: 4–71%], 
p  =  1.00).

Cardiovascular responses
Pulse wave velocity (PWV).  Pulse wave velocity was measured 
in three studies [34,35,37]. Greenwood et  al. found both AT 
(−2.2 [95%CI, 23.1–21.3] m/s) and RT (−2.6 [95%CI: 23.4–
21.7  m/s]) reduced PWV after 12  weeks [37]. In a 9-month 
follow-up of the ExeRT cohort, O’Connor et  al. found, 
compared to usual care, RT significantly reduced PWV by 
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−1.30  m/s (95%CI −2.44 to −0.17), while no significant 
difference was seen following AT (−1.05  m/s (95%CI: −2.11 to 
0.017) [41]. In Tzvetanov et  al., serial measures of central PWV 
were available only for the intervention group. The mean 
central PWV decreased substantially from 9.4  ±  6.3 m/s at 
baseline to 7.7  ±  1.7  m/s at 12  months [34]. The authors also 

measured carotid intima-media thickness and found a non-
significant decrease from 0.64  ±  0.2 mm at baseline to 
0.60  ±  0.0 mm at 12  months in the exercise group. Riess 
et  al. used arterial pulse waveform analysis to measure artery 
compliance [35]. They found small artery compliance and 
large artery compliance were not different between groups.

Cardiovascular disease risk assessment.  Two studies reported 
changes in CVD risk. No differences between the exercise 
and usual care groups in the Framingham CVD risk score [35] 
or 10-year coronary heart disease risk were reported [30].

Strength, physical function, and exercise capacity
Six-minute walking test (6MWT).  Five studies reported 
changes in 6MWT distance following exercise [40,42–44,50]. 
Results from these studies were not meta-analyzed due to 
high statistical heterogeneity. In Hernández Sánchez et  al., a 
significant improvement was observed in the training group 
(9% vs. 1% in the control) [43]. Kumar et  al. showed that 
after 12  weeks, while 6MWT improved in both control 
(+147.4 m) and intervention (+255.0 m) groups, the difference 
was greater in those undergoing exercise [42]. In Zhang 
et  al., patients in the intervention group had longer walking 
distances (+10.4  m) than patients in the control group 
(−14.6  m) (p  =  .008), although the difference between groups 
was modest [50].

In contrast, a pilot study by O’Brien et  al. found exercise 
did not increase 6MWT performance compared to the con-
trol group [44]. Onofre et  al. found a significant reduction in 
6MWT in both groups at discharge, and an exercise protocol 
commencing immediately after transplantation did not 
increase the distance walked [40].

Overall, there was no evidence that exercise had a favor-
able effect (defined as an increase >65  m, an estimate of the 
tests minimal detectable change [57], on 6MWT performance, 
with two of five studies favoring the intervention (40% 
[95%CI: 5–85%], p  =  1.00).

Strength. Eight studies reported changes in strength following 
exercise [29,32,35,37,38,40,42,51]. In the Exercise in Renal 
Transplant (ExeRT) study, Greenwood et  al. found isometric 
knee extensor strength was increased following RT but not 
AT, when compared to usual care [37]. Riess et  al. reported 
leg press and leg extension 1RMs were significantly greater 
in the exercising group vs. usual care; however, leg curl 1RM 
did not change [35]. Painter et  al. found the change in 
quadriceps peak torque during the 12  months was greater in 
the exercise compared with the usual care group [29]. 
Similarly, Kumar at al. found muscle strength assessed by 
isometric quadriceps strength was significantly improved 
compared to the control group [42]. A significant increase in 
muscle strength index (+29.2%) was reported by Karelis et  al. 
using a composite score of lower-body strength assessed 
using leg press machine and upper-body strength via a 
seated chest press machine [38]. Knobbe et  al. reported that 
change in overall muscle strength, assessed by the mean z-
score of four muscle groups was significantly higher in 
exercise versus control at 15  months [51].

In Onofre et  al., no differences in lower limb isometric con-
traction strength at discharge between exercising and control 

Figure 2. Risk of bias per study.
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groups [40]. While no change in upper isometric contraction 
limb strength at discharge in the control group, a significant 
reduction in strength was seen in the exercising group. In con-
trast, Hernández Sánchez et  al. found no change in concentric 
isokinetic knee extension and flexion torques of the dominant 
and non-dominant legs measured at 60°/s [43]. Korabiewska 
et al. reported no significant change in upper extremities (hand-
grip) muscle strength following 6  months of rehabilitation [32].

Overall, there was no evidence that exercise had a favor-
able effect on lower limb strength, with six of eight studies 
favoring the intervention (75% [95%CI: 35–97%], p  =  .289).

Patient-reported outcome measures (PROMs)
Short-form-36 item (SF-36).  Seven studies reported changes in 
SF-36 scores following exercise [29,34,35,37,43,50,51]. Results 
were not meta-analyzed due to high statistical heterogeneity. 
Tzvetanov et  al. showed mean SF-36 score at 6  months was 
significantly higher in the intervention group compared with 
the control group (583  ±  13 vs. 436  ±  22, p  =  .008), although 
data were not presented for 12  months [34]. In Riess et  al., 
the exercise group had a significant improvement in social 
functioning, mental composite score, and overall QoL scores 
compared with usual care [35]. Hernández Sánchez et  al. 
found resistance exercise significantly increased some SF-36 
domains (role-physical and vitality) but not all [43].

Conversely, Greenwood et  al. found neither RT or AT had 
a significant effect on the physical composite or the mental 
composite score of the SF-36 questionnaire [37]. In Painter 
et  al., no changes in composite or subscale scores were 
observed between the groups [29]. No changes in any of the 
domains of the SF-36 were also reported by Zhang et  al. [50]. 
Knobbe et  al. found no significant differences in the change 
in health-related QoL subdomain physical functioning 
assessed by the SF-36 between exercise and control at 
15  months and similarly in the SF-36 physical and mental 
composite scores [51].

Overall, there was no evidence that exercise had a favor-
able effect on SF-36 scores, with three of seven studies favor-
ing the intervention (57% [95%CI: 18–90%], p  =  1.00).

Other PROMs.  Several other PROMs were reported across 
studies with mixed findings. Karelis et  al. found a significant 

increase in the WHO-5 well-being score after exercise [38], 
while Hernández Sánchez et al. showed no significant change 
in any domains of the Kidney Disease and Quality of Life 
(KDQOL-SF) [43]. Kastelz et  al. found 12  months of exercise 
resulted in a significant increase in Global Physical Health 
and Global Mental Health using the PROMIS 10, and Physical 
Function from the PROMIS 29 [47]. No changes in domains 
of anxiety, depression, fatigue, pain, or sleep were seen.

In an assessment of self-reported functional status, 
Greenwood et  al. revealed a significant mean difference in 
Duke Activity Status Index (DASI) score between RT and 
usual care groups at 12  weeks (8.8  ±  3.4 p  =  .01, 95%CI 2.0–
15.6) [37]. There was no significant difference in DASI score 
between the AT group and usual care.

Fatigue was reduced across all domains of the 20-item 
multidimensional fatigue inventory (MFI-20) scale by Zhang 
et  al. [50]. Similarly, fatigue using a Fatigue Severity Score was 
significantly reduced following exercise in Kumar et  al. [42].

Zhang et  al. reported that patients in the intervention 
group had lower Self-Rating Anxiety Scale (SAS) and 
Self-Rating Depression Scale (SDS) scores for depression and 
anxiety [50]. In Pooranfar et  al., compared to control, in the 
exercise training group, sleep quality was improved by 27% 
and the sleep quantity was increased by 30 min [36].

Clinical markers
Creatinine.  Seven studies reported changes in creatinine 
following exercise but were not meta-analyzed due to high 
statistical heterogeneity [29,31,32,34,43,46,50]. In Onofre 
et  al., while both groups showed a significant reduction in 
serum creatinine at discharge, 2.1 (±1.3) and 2.7 (±1.1) mg/
dL respectively for control and exercise, there were no 
statistical differences between groups [40]. Tzvetanov et  al. 
found no significant difference after 12  months of exercise 
between the intervention and control group (1.41  ±  0.51 vs. 
1.61  ±  0.54 mg/dL) [34]. No changes were also reported in 
three other studies [29,32,50]. Lima et  al. found reduced 
serum creatinine after 12  weeks of combined training, 
compared to a small increase in the control [46]. No between-
group analysis limits further statistical interpretation.

Overall, there was no evidence that exercise had a favor-
able effect on creatinine, with one of seven studies favoring 
the intervention (14% [95%CI: 0–58%], p  =  1.00).

Figure 3. Risk of bias summary.
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Estimated glomerular filtration rate (eGFR).  Like creatinine, 
overall, no changes were seen in eGFR. Greenwood et  al. 
found no change in eGFR in both AT or RT groups [37]. 
Tzvetanov et  al. reported a trend for an improvement in the 
intervention group compared with the control for eGFR 
(55.5  ±  18.6 vs. 38.8  ±  18.9 mL/min/1.73  m2), although this 
was non-significant [34]. In Lima et  al., those in the exercise 
group had an increase in eGFR, compared to a reduction in 
the control group [46]. No between-group analysis limits 
further statistical interpretation.

Inflammatory markers.  Only two studies reported on the effect 
of exercise on inflammatory markers [37,49]. Greenwood et  al. 
found that compared to usual care, the AT or RT intervention 
had no significant effect on high-sensitivity C-reactive protein, 
TNF-a, TNFR-1, TNFR-2, fetuin A, or interleukin (IL) 6 values [37]. 
Hemmati et  al. reported following 10  weeks of exercise, 
decreased levels of TNF-α and no significant differences in the 
IL-35, IL-31, and IL-4 levels [49]. Gene expression profiles 
showed significantly increased expression of T-bet and no 
changes in the GATA-3, RORYt, and FOXP3 levels.

Hemoglobin A1C.  No change in A1C (%) was seen by Karelis 
et  al. [38] while following 6  months of exercise, there was no 
change in glycated hemoglobin between groups reported by 
Michou et  al. [48].

Total cholesterol.  In Pooranfar et  al., total cholesterol was 
significantly decreased after 10  weeks of exercise training in 
the exercise group compared to the control group [36]. 
Conversely, no change in total cholesterol was reported in 
Karelis et  al. [38].

Meta-analysis synthesis

Body mass and body composition
Body mass.  Seven RCTs, including 392 participants, explored 
the effect of exercise on body mass and included data 
appropriate for meta-analysis. There was no significant 
change in body mass following exercise compared to control, 
with an overall MD of −1.29 kg (95%CI: −4.78 to +2.20, 
Z  =  0.73, p  =  .47, Figure 4). Statistical heterogeneity was low 
(I2  =  0%).

Body mass index (BMI).  Ten RCTs, including 534 participants, 
explored the effect of exercise on BMI and included data 
appropriate for meta-analysis. There was no significant 
change in BMI following exercise compared to control, with 
an overall MD of +0.14 kg/m2 (95%CI: −0.77 to +1.05, 
Z  =  0.30, p  =  .76, Figure 5). Statistical heterogeneity was low 
(I2  =  0%).

Bone mineral density (BMD).  Three RCTs, including 133 
participants, explored the effect of exercise on BMD and 
included data appropriate for meta-analysis. There was no 
significant change in BMD following exercise compared to 
control, with an overall SMD of 0.09 (95%CI: −0.44 to +0.61, 
Z  =  0.32, p  =  .75, Figure 6). Translation of the SMD (using a 
SD of 0.204) led to an estimated change in BMD of +0.02 g/
cm2 (95%CI: −0.09 to +0.12). Statistical heterogeneity was 
low (I2  =  37%).

Cardiovascular responses
Maximum heart rate.  Three RCTs, including 96 participants, 
explored the effect of exercise on maximum heart rate. 

Figure 4. Forest plot for body mass. 95%Ci: confidence interval (95%); SD: standard deviation.

Figure 5. Forest plot for body mass index. 95%Ci: confidence interval (95%); SD: standard deviation.
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Heterogeneity was high (I2  =  59%, Figure 7(A)) so Greenwood 
et  al. was removed as outlined in the review methodology. 
As such, two studies included data appropriate for meta-
analysis. There was no significant change in maximum heart 
rate following exercise compared to control, with an overall 
MD of +10.28  bpm (95%CI: −3.00 to +23.55, Z  =  1.52, p  =  .13, 
Figure 7(B)). Statistical heterogeneity was low (I2  =  0%).

Resting heart rate.  Four RCTs, including 227 participants, 
explored the effect of exercise on resting HR and included 
data appropriate for meta-analysis. There was no significant 
change in resting HR following exercise compared to control, 
with an overall MD of −0.47  bpm (95%CI: −2.84 to +1.90, 
Z  =  0.39, p  =  .70, Figure 8). Statistical heterogeneity was low 
(I2  =  8%).

A 6-month follow-on study by O’Brien et  al. reported no 
changes in HR [45].

Systolic blood pressure.  Six RCTs, including 381 participants, 
explored the effect of exercise on systolic blood pressure and 
included data appropriate for meta-analysis. There was no 
significant change in systolic blood pressure following exercise 
compared to control, with an overall MD of −0.24 mmHg 
(95%CI: −3.28 to +2.80, Z  =  0.15, p  =  .88, Figure 9). Statistical 
heterogeneity was low (I2  =  0%).

A 6-month follow-on study by O’Brien et  al. reported no 
changes in systolic blood pressure [45].

Diastolic blood pressure.  Six RCTs, including 379 participants, 
explored the effect of exercise on diastolic blood pressure and 
included data appropriate for meta-analysis. There was no 
significant change in diastolic blood pressure following exercise 
compared to control, with an overall MD of +0.29 mmHg 
(95%CI: −2.28 to +2.85, Z  =  0.22, p  =  .83, Figure 10). Statistical 
heterogeneity was low (I2  =  26%).

Figure 6. Forest plot for bone mineral density. 95%Ci: confidence interval (95%); SD: standard deviation.

Figure 7. Forest plot for maximum heart rate. 95%Ci: confidence interval (95%); SD: standard deviation.

Figure 8. Forest plot for resting heart rate. 95%Ci: confidence interval (95%); SD: standard deviation.
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A 6-month follow-on study by O’Brien et  al. reported no 
changes in diastolic blood pressure [45].

Strength, physical function, and exercise capacity
V̇O2peak (cardiorespiratory fitness).  Eight RCTs, including 341 
participants, explored the effect of exercise on V̇O2peak and 
included data appropriate for meta-analysis. There was a significant 
increase in V̇O2peak following exercise compared to control, with an 
overall SMD of +0.42 (95%CI: +0.19 to +0.65, Z  =  3.56, p  =  .0004, 
Figure 11). Translation of the SMD (using a SD of 9.21) led to an 
estimated increase in V̇O2peak of +3.87 mL/min/kg (95%CI: +1.75 to 
+5.99). Statistical heterogeneity was low (I2  =  7%).

Sit-to-stand-60 s test (STS-60).  Two RCTs, including 62 
participants, explored the effect of exercise on the STS-60 
and included data appropriate for meta-analysis. There was a 
significant increase in STS-60 performance following exercise 
compared to control, with an overall MD of +7.72 reps 
(95%CI: +3.78 to +11.67, Z  =  3.84, p  =  .0001, Figure 12). 
Statistical heterogeneity was low (I2  =  0%).

Handgrip strength.  Three RCTs, including 95 participants, 
explored the effect of exercise on handgrip strength and 
included data appropriate for meta-analysis. There was no 
significant change in handgrip strength following exercise 
compared to control, with an overall SMD of +0.50 
(95%CI: −0.26 to +1.26, Z  =  1.29, p  =  .20, Figure 13). 
Translation of the SMD (using a SD of 7.9) led to an 
estimated change in handgrip strength of +3.95 kg 
(95%CI: −2.05 to +9.95). Statistical heterogeneity was 
moderate (I2  =  54%).

Clinical markers
Glucose.  Five RCTs, including 353 participants, explored 
the effect of exercise on glucose and included data 
appropriate for meta-analysis. There was no significant 
change in glucose following exercise compared to control, 
with an overall MD of −0.16 mmol/L (95%CI: −0.42 to +0.11, 
Z  =  1.17, p  =  .24, Figure 14). Statistical heterogeneity was low 
(I2  =  0%).

Figure 9. Forest plot for systolic blood pressure. 95%Ci: confidence interval (95%); SD: standard deviation.

Figure 10. Forest plot for diastolic blood pressure. 95%Ci: confidence interval (95%); SD: standard deviation.

Figure 11. Forest plot for V̇O2peak. 95%Ci: confidence interval (95%); SD: standard deviation.
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Hemoglobin.  g 249 participants, explored the effect of 
exercise on hemoglobin and included data appropriate 
for meta-analysis. There was no significant change in 
hemoglobin following exercise compared to control, with 
an overall MD of +0.21 g/dL (95%CI: −0.10 to +0.52, 
Z  =  1.30, p  =  .19, Figure 15). Statistical heterogeneity was 
low (I2  =  0%).

HDL.  Five RCTs, including 307 participants, explored the 
effect of exercise on HDL and included data appropriate 
for meta-analysis. There was a significant increase in HDL 
following exercise compared to control, with an overall MD 
of +0.13 mmol/L (95%CI: +0.02 to +0.23, Z  =  2.42, p  =  .02, 
Figure 16). Statistical heterogeneity was low (I2  =  0%).

LDL.  Four RCTs, including 211 participants, explored the 
effect of exercise on LDL and included data appropriate 
for meta-analysis. There was no significant change in LDL 
following exercise compared to control, with an overall MD  
of +0.03 mmol/L (95%CI: −0.26 to +0.33, Z  =  0.21, p  =  .83, 
Figure 17). Statistical heterogeneity was low (I2  =  22%).

IL-6.  Two RCTs, including 69 participants, explored the 
effect of exercise on IL-6 and included data appropriate 
for meta-analysis. There was no significant change in IL-6 
following exercise compared to control, with an overall 
MD of −0.71 pg/mL (95%CI: −1.77 to +0.34, Z  =  1.32, 
p  =  .19, Figure 18). Statistical heterogeneity was low 
(I2  =  0%).

Figure 12. Forest plot for STS-60. Due to baseline imbalances, for Hernández Sánchez et  al., the change from baseline data was used with 95%Ci converted 
to SD. 95%Ci: confidence interval (95%); SD: standard deviation.

Figure 13. Forest plot for handgrip strength. 95%Ci: confidence interval (95%); SD: standard deviation.

Figure 14. Forest plot for glucose. 95%Ci: confidence interval (95%); SD: standard deviation.

Figure 15. Forest plot for hemoglobin. 95%Ci: confidence interval (95%); SD: standard deviation.
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Triglycerides.  Five RCTs, including 315 participants, explored 
the effect of exercise on triglycerides and included data 
appropriate for meta-analysis. There was no significant 
change in triglycerides following exercise compared to 
control, with an overall MD of −0.12 mmol/L (95%CI: 
−0.25 to 0.01, Z  =  1.88, p  =  .06, Figure 19). Statistical 
heterogeneity was low (I2  =  0%).

Discussion

Increasing physical activity through appropriate intervention 
should be a key component of post-transplant rehabilitation 

and a healthy lifestyle for KTRs, especially for the prevention 
and reduction of highly prevalent CVD within this popula-
tion. However, evidence for the benefits of exercise in KTRs 
remains extremely limited. This review examined 23 RCTs 
with exercise interventions that varied in duration, frequency, 
and type, involving a diverse group of participants. The addi-
tional seven RCTs identified since our previous systematic 
review did not significantly alter the conclusions of the pre-
vious findings [24]. This updated review found favorable 
effects on CRF (V ̇O2peak), physical function (STS-60), and HDL. 
However, no significant changes were observed in body 
mass, blood pressure, or other markers of dyslipidemia and 

Figure 16. Forest plot for HDl. 95%Ci: confidence interval (95%); SD: standard deviation.

Figure 17. Forest plot for lDl. 95%Ci: confidence interval (95%); SD: standard deviation.

Figure 18. Forest plot for il-6. 95%Ci: confidence interval (95%); SD: standard deviation.

Figure 19. Forest plot for triglycerides. 95%Ci: confidence interval (95%); SD: standard deviation.
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glucose regulation. Some studies reported improvements in 
endothelial function, QoL, strength, and body composition. 
Despite these findings, the conclusions are constrained by 
small sample sizes, RoB, and statistical heterogeneity.

KTRs often exhibit diminished exercise capacity and low 
muscle function. Findings showed that exercise improved 
CRF. Peak V̇O2 (V̇O2peak) is considered the gold standard mea-
sure of cardiorespiratory function, and low V ̇O2peak consis-
tently predicts mortality. In individuals awaiting a kidney 
transplant, it can also predict future cardiac events [58]. 
Improvements in CRF were typically observed after programs 
that included an aerobic component, while increases in mus-
cle strength of upper and lower body muscle groups were 
achieved through the addition of RT. Changes in muscle 
strength are likely due to improvements in muscle mass and/
or metabolic functioning, as increases in lean tissue were 
also observed [29,34]. An encouraging recent study by 
Knobbe et  al. showed that V̇O2peak improved after a 3-month 
supervised exercise intervention and this improvement was 
maintained at 15  months following a further 12  months of 
minimally resource intensive lifestyle counseling [51].

Dyslipidemia is common in KTRs [59], potentially partly 
due to immunosuppressive medication [60], and increases 
the risk of CVD. Apart from HDL, no significant effects on 
lipoproteins were observed. Exercise, when of sufficient 
intensity, is widely recognized to raise HDL levels [61], and 
the findings of this review align with the Pei et  al. 
meta-analysis in patients with non-dialysis CKD [62]. Given 
that low HDL levels are associated with graft failure in KTRs, 
exercise may be a beneficial strategy to increase HDL and 
potentially maintain graft function [63]. The reasons for the 
lack of effect on many traditional CVD risk factors are unclear 
and likely confounded by the multiple pathological factors 
contributing to high CVD risk in these patients. It is import-
ant to note that many of the interventions were of short 
duration, which may not be sufficient to have an effect on 
these factors.

The majority of studies included in this review recruited 
patients with an established transplant, but some studies 
recruited participants immediately post-transplant. Onofre 
et  al. implemented a daily supervised physiotherapy program 
that included both walking and RT immediately 
post-transplantation [40], while Juskowa et  al. recruited 
patients 2–3  days post-transplant and had them participate 
in daily supervised and unsupervised strengthening exercises 
[31]. Neither study reported significant benefits from exer-
cise. In Onofre et  al., intensive physiotherapy did not miti-
gate the reductions in exercise capacity or peripheral muscle 
strength compared to standard care, which included simple 
mobility encouragement. Conversely, Zhang et  al. reported 
significant improvements in fatigue, motivation, 30 s chair 
stands, and 6MWT result after an immediate post-transplant 
program of exercise that was continued remotely after dis-
charge [50]. Therefore, there is conflicting evidence of the 
benefits of immediate post-transplant exercise programs 
compared to usual care.

Our updated methodology to explore statistical heteroge-
neity more thoroughly resulted in some outcomes previously 
meta-analyzed being deemed unsuitable in this updated 
review. For example, the 6MWT (previously statistically signif-
icant with an I2 of 77%), with the addition of one further 
study, remained highly heterogeneous and revealed no indi-
cation of a positive result through our new narrative synthe-
sis. While the review of Zhang et  al. concludes positive 
effects of exercise training on kidney function [28], our data 
do not support this due to the high statistical heterogeneity. 
Decreased kidney function is a risk factor for CVD [64]. 
Increased eGFR (through improved creatinine clearance) is 
expected post-transplantation and is used as a surrogate 
marker for allograft survival [65]. Although evidence for the 
additive effects of exercise on kidney function in KTRs is 
mixed, in non-dialysis CKD, meta-analyses have found favor-
able effects, likely through reductions in blood pressure and 
BMI [66]. As well as the variation between studies, the varia-
tion in transplant vintage and the changes in kidney function 
that occur naturally due to transplantation may have con-
founded exercise effects. Complex physiological and meta-
bolic changes occur post-transplantation, without the 
presence of any significant intervention [67–69], which could 
influence studies that recruit within the first year after 
surgery.

There are no studies included within the review which 
examine the use of digital health interventions or virtual 
reality exercise as a method of engagement and improving 
adherence to physical activity and exercise. Virtual reality 
training has been shown to be promising in patients receiv-
ing hemodialysis for reductions in anxiety and depression 
and improvements in self-efficacy [70]. Digital health inter-
ventions such as Kidney BEAM have been shown to improve 
mental health-related QoL, patient activation, and physical 
function in patients with CKD (including KTRs) [71].

Several limitations of the methodology of the original 
review were addressed in this updated review. Random 
effects meta-analyses were deemed most appropriate as the 
variation between interventions was large. A rigorous process 
was followed to determine whether meta-analysis was appro-
priate by exploring the sources of heterogeneity following 
more closely the advice in the Cochrane Handbook [52–54]. 
And finally, a more detailed narrative synthesis of results 
unsuitable for meta-analysis with a direction of effect was 
included. Nonetheless, this review has some limitations. 
Although the search was restricted to only RCTs, which 
reduced some bias, the trial designs were inconsistent. 
Additionally, certain study designs and methods, including 
randomization, were not clearly described. While the review 
aimed to capture as many outcomes as possible, the numer-
ous and heterogeneous quality of the reported outcomes 
limited data synthesis. Overall, sample sizes were small, with 
the exception of the recent study by Knobbe at al. (overall 
n  =  221). The review revealed that basic training principles, 
such as exercise modality, intensity, and frequency, were 
poorly described, making replication of these interventions 
difficult. Most studies included interventions of relatively 
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short duration, preventing conclusions about long-term 
effects. None of the studies reported the impact of exercise 
training on ‘hard’ clinical outcomes such as mortality or graft 
function, often relying on surrogate markers instead.

Conclusions

The results of the meta-analysis demonstrate a mixed impact 
of physical activity and/or exercise training interventions on 
outcomes. There was a positive effect on CRF (V̇O2peak), phys-
ical function (STS-60), and some markers of dyslipidemia. 
Given the links between CRF and CVD risk, these data are 
encouraging to suggest interventions may have a positive 
impact on cardio-metabolic health. However, there were no 
effects on factors such as body mass and composition or gly-
cemic control. The studies were highly heterogeneous in 
sample size, duration, intervention content, outcome mea-
sure choice, and collection method. Exercise protocols were 
poorly reported, leading to difficulties in study replication 
and clinical implementation, which is synonymous with the 
findings in a review of exercise trials in solid organ transplant 
recipients [72]. Further long-term, thoroughly reported, large 
sample RCTs are needed to fully understand the effects of 
increasing physical activity levels and exercise in KTRs.
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