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ABSTRACT

Background. Kidney transplant has become the preferred therapy for end-stage renal disease. However, kidney
transplant recipients (KTRs) still face several challenges, such as physical inactivity. The purpose of this study was to
explore the effects of a nurse-led physical exercise program in Chinese KTRs.
Methods. A total of 106 participants were enrolled from the Third Xiangya Hospital of Central South University between
July 2021 and June 2022 and randomly assigned to the control or intervention groups. Participants in the control group
were provided with routine nursing care and participants in the intervention group received a nurse-led rigorous
physical exercise program that was divided into two stages: the pre-discharge stage and the post-discharge stage. The
pre-discharge stage included the non-ambulatory and ambulatory stages. The Chinese traditional exercise Baduanjin
was incorporated into the physical exercise during the ambulatory stage. The post-discharge stage continued the same
exercise as the ambulatory stage at home. After 3 months of intervention, both groups received the same follow-up for
3 months. The primary and secondary outcomes of all participants were collected. The data were analysed with
repeated measures analysis of variance to examine the effectiveness of the intervention.
Results. Compared with the control group, the intervention group had less fatigue and more motivation to be active in
primary outcomes. Moreover, patients in the intervention group had a higher phase angle, a longer 6-minute walk
distance, more 30-second chair stand times and decreased anxiety and depression levels in secondary outcomes. No
adverse events were observed during the intervention. There were no significant differences in all dimensions of the
quality-of-life questionnaire between the intervention and the control group.
Conclusion. Chinese KTRs could benefit from the nurse-led physical exercise program post-operatively.
Trial registration. ChiCTR2100048755
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LAY SUMMARY

Kidney transplant has become the preferred therapy for end-stage renal disease. However, in real life, patients
undergoing kidney transplantation were typically reported to have less physical activity and more barriers to
exercise, including low energy and fatigue. The knowledge and evidence of effective physical exercise programs in
Chinese kidney transplant recipients (KTRs) are limited. Our study initiated the first and largest sample study to
explore the effect of a physical exercise program in Chinese KTRs. Our results indicated that Chinese KTRs could
benefit from the physical exercise program, showing less fatigue, more motivation to be active, a higher phase angle,
a longer 6-minute walk distance, more 30-second chair stand times and decreased anxiety and depression levels in
the intervention group. More importantly, no adverse events were observed during the intervention period in KTRs.

GRAPHICAL ABSTRACT

Keywords: fatigue, kidney transplant, physical exercise program, randomized controlled trial, sport motivation

INTRODUCTION

Kidney transplant has become the preferred therapy for end-
stage renal disease. A series of advancements, including refined
surgical techniques, improved immunosuppressive protocols
and optimised perioperative management of transplant pa-
tients, have been used to improve recipient and graft survival
rates and quality of life [1–4]. The guideline for the care of
kidney transplant recipients (KTRs) recommends adopting a
healthy lifestyle with regular physical activity [5]. However,
in reality, this is not the case for patients undergoing kidney
transplant, who typically report having less physical activity
[6] and more barriers to exercise, including low energy and
fatigue [7].

Physical inactivity is strongly associated with an increased
risk of cardiovascular and all-cause mortality in KTRs [8]. KTRs
receive multiple immunosuppressive medications, including
antimetabolite agents, which can cause the development of
metabolic syndrome [9]. KTRs have a higher risk of muscle loss
and osteoporosis because of corticosteroid use [10]. In addi-
tion, transplant recipients exhibit various psychological disor-
ders, including depression and anxiety, because of long periods
of physical and psychosocial stress from pre-transplant to post-
transplant [11, 12]. Physical activity provides numerous physio-
logical and psychosocial benefits [13–15]. Fatigue is a frequent
and underestimated symptom of KTRs and leads to significant
functional impairment, poor adherence to immunosuppressive
therapy and a serious deterioration in quality of life [16, 17].
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Physical inactivity is associated with fatigue in KTRs [18]. There-
fore, physical exercise for KTRs may be particularly important.

Physical exercise helps with the rehabilitation of KTRs [6,
19]. Several studies have indicated that resistance training could
increase exercise capacity, muscular strength, cardiorespiratory
fitness and health-related quality of life [20–23]. A recent study
indicated that moderate exercise, including aerobic and resis-
tance training, could inhibit inflammatory cytokines and have
beneficial effects on the immune system [24], which are closely
associated with outcomes in kidney transplant [25, 26]. Barroso
et al. [27] reported that KTRs with exercise training had better
sleep quality and lower anxiety and depression levels than those
without exercise training. Furthermore, a recent systematic re-
view summarised that the adult KTRs benefited from a struc-
tured physical exercise program, showing improved aerobic ca-
pacity and better muscle performance [28]. No study has ex-
plored the impact of physical exercise in Chinese KTRs. In addi-
tion, in most studies the intervention primarily focussed on the
post-discharge timeframe, so there is a scarcity of evidence re-
garding physical exercise in the pre-discharge stage after a kid-
ney transplant.

In particular, the Chinese traditional exercise Baduanjin,
which originated from the North Song dynasty and has a history
of 800 years in China, was part of our exercise program. Baduan-
jin, which is similar to Tai Chi, has been documented to have
positive effects on cognitive and physical functions in a wide
range of populations [29]. In reviewing the literature, no study
has explored the relationship between Baduanjin and physical
performance in KTRs.

The present randomised controlled trial (RCT) attempted to
investigate the feasibility and effectiveness of a nurse-led phys-
ical exercise program in Chinese KTRs in both the pre-discharge
and post-discharge stage.

MATERIALS AND METHODS

Study design and ethics approval

This RCT was conducted between July 2021 and June 2022 and
has been registered with the Chinese Clinical Trial Registry Cen-
tre (ChiCTR2100048755). This study was conducted in a sin-
gle centre and approved by the Ethics Committee of the Third
Xiangya Hospital Central South University (R21033). Written
informed consent was obtained from all the study participants.
This report follows the Consolidated Standards of Reporting Tri-
als (CONSORT) guidelines for randomised studies [30].

Participants

Participants were recruited from the Third Xiangya Hospital of
Central South University and were eligible for inclusion in the
study if they met the following criteria: age >18 years, were
undergoing their first kidney transplant, could use a smart-
phone, had no experience in resistance training before the kid-
ney transplant, were not participating in other research projects
and agreed to participate in the study and sign the informed
consent form. Participants were excluded if they presented one
or more of the following conditions: cognitive or mental dis-
abilities, immediately transferred to another medical facility af-
ter discharge, had skeletal muscle problems that hindered their
performance of the tests and exercises, had severe rejection
shown on biopsy and had haemodynamic instability after kid-
ney transplant (defined as systolic blood pressure <90 mmHg or

>140 mmHg without using vasoactive drugs intravenously, such
as dopamine, aramine or sodium nitroprusside).

Randomisation

All participants were informed about the outline of the study
and signed the informed consent. After completion of a base-
line evaluation (before the kidney transplant surgery), we di-
vided the participants into intervention and control groups us-
ing a computer-generated random number. Each randomised
number was placed in a sealed opaque envelope that was given
to the participants by an independent research assistant. After
randomisation, participants were not blinded to the allocation
owing to the pragmatic nature of the trial. Nevertheless, the re-
search assistant was unaware of the specific grouping of the par-
ticipants when collecting data after 3 months of intervention
and 3 months of follow-up. During the study, the research as-
sistant could stop the test immediately if adverse events were
observed.

Sample size

With consideration of the study intentions and the importance
of fatigue outcomes, sample size was calculated from a similar
study using exercise intervention in cancer patients, which
indicated that exercise significantly reduced cancer-related fa-
tigue by a mean effect size of 0.32 and 0.38 during and following
cancer treatment, respectively [31]. Given α = 0.05, power = 0.9
and effect size = 0.35, the required sample size was 43 in each
group according to the calculation results of G*Power statistical
software (https://www.psychologie.hhu.de/arbeitsgruppen/
allgemeine-psychologie-und-arbeitspsychologie/gpower) [32].
Allowing for a possible dropout rate of 20%, a total of 53
participants were recruited for each group.

Intervention

Participants in the control group were provided with routine
nursing care and management, including oral health educa-
tion at the admission and hospitalisation phase, and a written
discharge summary (including the diagnosis, treatment record,
medications, diet and exercise suggestions etc). The exercise
suggestions included routine daily activities after discharge,
such as moderate walking and climbing, but did not refer to the
items of the physical exercise program in our study.

Participants in the intervention group underwent a physi-
cal exercise program, except for routine nursing care and man-
agement. The physical exercise program was developed by the
research team based on a literature review and related guide-
lines and revised by five experts (two kidney transplant spe-
cialists, two kidney transplant nursing specialists and one ex-
ercise rehabilitation specialist). The intervention group received
a nurse-led standard physical exercise program for 3 months
and then a follow-up for 3 months before data collection (a
total of 6 months), which is shown in Table 1 and Fig. 1. The
physical exercise training of the intervention group started on
post-operative day 3 after a safety assessment by the two kid-
ney transplant specialists and one rehabilitation specialist. The
physical exercise program was divided into two stages: the pre-
discharge stage and the post-discharge stage. The pre-discharge
stage included the non-ambulatory stage [from day 3 to pass-
ing the Timed Up and Go (TUG) Test] and the ambulatory
stage (from passing the TUG test to discharge). The exercise

https://www.psychologie.hhu.de/arbeitsgruppen/allgemeine-psychologie-und-arbeitspsychologie/gpower
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Stage

Time 6 months

Supervision

Baseline
measurement

Intervention
for 3 months

Follow-up
for 3 months

Data
collectionPre-discharge stage Post-discharge stage

Day 3 to PTD Post-discharge PTD to discharge

PTD Discharge

Offline supervision Online supervision

KT

PTD

KT Kidney transplant

Passing the timed ‘up and go’ test

Non-ambulatory model of intervention

Ambulatory model of intervention

Figure 1: The schema of the physical exercise program.

training intervention changed from the non-ambulatory stage
to the ambulatory stage if the participants passed the TUG test
on postoperative day 7. If not, the participants continued the
non-ambulatory exercise until they passed the TUG test (the test
was conducted every day after day 7). During the ambulatory
stage, the physical exercise program included the traditional
Chinese exercise Baduanjin and anti-resistance training. The
post-discharge stage included doing the same exercises as in the
ambulatory stage at home.All patients in the intervention group
recorded a daily exercise rehabilitation video and sent the video
to the nurses by smartphone. The whole exercise rehabilitation
process was led by nurses and a group supervised by the rehabil-
itation specialist. The nurses would answer questions and pro-
vide recommendations to patients when needed. A participant
was considered a dropout if he/she missed the physical exercise
program three times in a row during the intervention. The pe-
riod of intervention was 3 months. The video of the whole phys-
ical exercise program including Baduanjin was also uploaded to
YouTube (https://www.youtube.com/watch?v=ffVjhDLdD3o).

During follow-up, all participants in the control and inter-
vention groups received the same general health consultations
and outpatient follow-up reminders by telephone. The period of
follow-up in the two groups was 3 months.

Feasibility assessment

The feasibility of the physical exercise program was assessed
by the adherence of participants (≥90%) and no exercise-related
adverse events, such as non-healing wounds (≥14 days after
surgery), wound dehiscence and bleeding, muscle strain and so
on.

Outcome variables and measures

After 3 months of intervention and 3 months of follow-up,
the primary and secondary outcomes of all participants were
recorded. Primary outcomes included fatigue and sport moti-
vation. Secondary outcomes included heart rate, body mass in-
dex, blood glucose level, creatinine level, triglyceride level, body
composition measurements (phase angle, body hydration sta-
tus, fat free mass and body fat percentage), 6-minute walk test

(6-MWT), 30-second chair stand test (30s-CST), anxiety, depres-
sion and quality of life.

Primary outcomes

Fatigue

Fatiguewas assessedwith the 20-itemmultidimensional fatigue
inventory (MFI-20) scale, which was established by Smets et al.
[33] and has been the validated in Chinese research [34]. The
MFI-20 consists of five dimensions: general fatigue, physical fa-
tigue, reduced activity, reduced motivation and mental fatigue.
For each scale, two items were oriented in the direction of fa-
tigue, while the other two items were oriented in the opposite
direction. All items were scored on a 5-point Likert-type scale
ranging from 1 to 5, with higher scores representing higher lev-
els of fatigue. The MFI-20 questionnaire has well-established re-
liability and validity among Chinese patients; the Cronbach’s α

coefficient was 0.8 [35].

Sport motivation

Sport motivation was assessed with the Sport Motivation Scale
(SMS). The SMS contains 28 items that refer to seven dimen-
sions of motivation according to the self-determination theory,
including intrinsic motivation (motivation to know, motivation
to accomplish, motivation to experience stimulation), extrinsic
motivation (identification, introjection, external regulation) and
amotivation. The task of the respondent was to determine to
what extent a given statement referred to him/her on a 7-point
scale [36]. Higher scores indicate more intrinsic motivation, ex-
trinsic motivation or amotivation. The SMS questionnaire has
well-established reliability and validity among Chinese patients;
the Cronbach’s α coefficient was 0.78–0.85 [37].

Secondary outcomes

Clinical characteristics

The clinical characteristics of these participants, including heart
rate, body mass index, blood glucose level, creatinine level and
triglyceride level,were collected from themedical data systemof

https://www.youtube.com/watch?vffVjhDLdD3o
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the Third Xiangya Hospital, which recorded all patients’ follow-
up information.

Body composition measurements

Body composition measurements were detected by InBody S10
(Seoul, Korea). At baseline and 3 months, participants were
asked to stand on the device without shoes and hold the device
handle with both hands for 1 minute. From the detection report,
we obtained phase angle, body hydration status, fat free mass
and body fat percentage. The phase angle, a bioimpedance anal-
ysis parameter that is calculated from the raw data of resistance
and reactance at a frequency of 50 kHz [38] has been described as
a global health indicator given its predictive capacity for health
problems [39].

6-MWT

The 6-MWT was performed in a tiled 20-m hallway with two
marked end lines. Participants were asked to walk as fast as
possible for 6 minutes and cover the farthest possible distance
between the two end lines [40]. Participants were not allowed
to run, but were allowed to rest during the test. Distance was
recorded in metres.

30s-CST

The 30s-CST was performed according to the protocol described
in Goda et al. [41]. Participants sat in the middle of a chair with
their back straightened (height: 42 cm, without leaning against
the chair) and their hands crossed in front of their chests. At
the researcher’s request, the person stands and sits repeatedly
for 30 seconds and the number of sit–stand–sit cycles completed
within 30 seconds is recorded.

Anxiety and depression scales

Anxiety and depressionwere assessedwith the Self-Rating Anx-
iety Scale (SAS) [42] and Self-Rating Depression Scale (SDS) [43],
respectively. The Chinese versions of the SAS and SDSwere used
to evaluate anxiety and depression [44]. Both the SAS and SDS
scales are self-reported instruments composed of 20 items and
all items were scored on a 4-point Likert-type scale that quanti-
fied the relevant levels of anxiety and depression. Higher scores
indicated more severe anxiety or depression. The SAS and SDS
are well-established with reliability and validity among Chinese
patients; the Cronbach’s α coefficients were 0.882 and 0.896, re-
spectively [45].

Quality of life

The quality of life was assessed with the 36-item Short Form
Health Survey (SF-36), which has been the validated in the Chi-
nese population [46]. The SF-36 questionnaire included eight
domains: general health (5 items), social functioning (2 items),
role-emotional (3 items), role-physical (4 items), bodily pain (2
items), physical functioning (10 items), vitality (4 items) and
mental health (5 items). Each question was scored on a scale
of 0–100. Higher scores indicate a better quality of life. The
SF-36 questionnaire has well-established reliability and validity
among Chinese patients; the Cronbach’s α coefficient was 0.821
[47].

Statistical analysis

SPSS Statistics forWindows version 22.0 (IBM,Armonk,NY,USA)
was used for statistical analysis. Mean and standard deviation
(SD) were used to describe continuous variables, and number
and constituent ratios were used to describe categorical vari-
ables. The Kolmogorov–Smirnov test was used to check the nor-
mal distribution of the continuous variables. Unpaired Student’s
t-tests (for continuous variables) and chi-squared tests (for cat-
egorical variables) were used to assess differences between
groups in demographic and clinical characteristics at baseline.
Two-way repeated measure analysis of variance (ANOVA) was
used to explore how primary and secondary outcomes changed
over time and between groups, as well as the interaction of
times and groups. P-values <.05 were considered statistically
significant.

RESULTS

Patient characteristics at baseline

The flowchart of the study is shown in Fig. 2. In total, 124 par-
ticipants were enrolled in the study; 16 patients were excluded
before allocation because they did not meet the criteria for in-
clusion and 2 patients dropped out because they were too busy
or were lost to follow-up during the post-discharge stage (1 in
the intervention group and 1 in the control group). Finally, 53
patients in the intervention group and 53 patients in the control
group (a total of 106) were enrolled in the study. The adherence
rate in the intervention group was 98.11%. As shown in Table 2,
no significant differences were observed in any of the sociode-
mographic variables or medical characteristics upon entry into
the study. The baseline of all primary and secondary outcome
measurements did not significantly differ between the interven-
tion and control groups (Table 3). There were no adverse events
reported among the participants in the intervention group dur-
ing the study.

Primary outcomes

The effects of the physical exercise intervention on primary out-
comes are shown in Table 4. There was a significant group effect
and group × time interaction effect for fatigue scores. The fa-
tigue scores in all five dimensions (general fatigue, physical fa-
tigue, reduced activity, reduced motivation and mental fatigue)
among patients in the intervention group were significantly
lower than those in the control group. The sport motivation
scores in five dimensions in the intervention group (motivation
to know, motivation to accomplish, identification, external reg-
ulation and amotivation) were significantly higher than those in
the control group, except for the dimension of motivation to ex-
perience stimulation and introjection.

Secondary outcomes

The effects of the physical exercise intervention on secondary
outcomes are shown in Table 5. Although only phase angle and
30s-CST were observed to be significant in the group effect, a
group × time interaction effect was observed for phase angle, 6-
MWT and 30s-CST. In detail, the intervention group had a higher
phase angle than the control group by body composition mea-
surements. Regarding the 6-MWT, patients in the intervention
group had longer walking distances than patients in the control
group. The 30s-CST showed that the number of sit–stand–sit cy-
cles in the intervention group was greater than in the control
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Assessed for eligibility
(n=124)

Excluded (n=16):
• Not meeting inclusion criteria (n=8)
• Complications after KTX (n=4)
• Declined to participate (n=4)

Enrollment

Randomized
(n=108)

Allocated to intervention
group (n=54)

Allocated to control
group (n=54)Allocation

Drop out (n=1)
• Busy

Drop out (n=1)
• Uncontactable

Analyzed (n=53) Analyzed (n=53)Analysis

Intervention
3 months

Nurse-led physical
exercise training

Follow-up
3 months

Routine nursing care
and management

Figure 2: Flow diagram depicting participant recruitment and retention.

Table 2: Main demographic and clinical characteristics at baseline by groups.

Variables
Intervention
group (n = 54)

Control group
(n = 54) t/χ2 P-value

Age (years), mean ± SD 43.16 ± 10.76 42.06 ± 9.51 0.536 .593
Gender, n Male 41 40 0.052 .819

Female 12 13
Marital status, n Unmarried/divorced 9 8 0.070 .791

Married 44 45
Education, n ≥Doctor 1 4 3.852 .418

Master 7 7
Undergraduate 17 10
High school 25 29
≤Secondary school 3 3

Occupation, n Farmer 30 25 3.856 .288
Worker 16 13
Freelance work 5 12
Unemployed 2 3

Family income (CNY), n 1500–2000 4 10 3.141 .370
2600–3600 17 15
3700–4700 20 16
4800–5800 12 12

Organ source, n Relative donor 4 3 / 1.000
Deceased donor 49 50

Hospital readmission, n None 45 44 2.401 .575
1 7 5
2 1 2
≥3 0 2

Hospitalization time of transplant (days), mean ± SD 24.77 ± 6.25 24.62 ± 6.28 0.124 .902

CNY: Chinese yuan.
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Table 3: The baseline of all objective and subjective measurements.

Variables Intervention group (n = 54) Control group (n = 54) t/χ2 P-value

Clinical characteristics
Heart rate (beats/min) 88.77 ± 13.75 89.15 ± 14.68 −0.137 .892
Body mass index 22.76 ± 2.93 23.33 ± 2.85 −1.027 .307
Blood glucose (mmol/L) 4.85 ± 0.85 4.76 ± 0.72 0.615 .540
Creatinine (μmol/L) 917.23 ± 261.53 878.75 ± 239.67 0.786 .434
Triglyceride (mmol/L) 1.27 ± 0.62 1.16 ± 0.56 0.987 .345

Body composition measurements
Phase angle (rad) 4.99 ± 0.70 4.85 ± 0.71 1.037 .302
Body hydration status(kg) 35.54 ± 5.72 35.07 ± 6.24 0.407 .685
Fat free mass (kg) 47.47 ± 7.52 47.05 ± 8.42 0.276 .783
Body fat (%) 23.95 ± 7.70 23.34 ± 7.60 0.413 .681

Exercise capacity
6-MWT (m) 520.17 ± 74.61 508.02 ± 74.21 0.841 .403
30s-CST (times) 17.81 ± 2.47 17.62 ± 2.40 0.398 .691

Fatigue scores
General fatigue scores 8.77 ± 2.41 9.19 ± 2.31 −0.909 .365
Physical fatigue scores 9.85 ± 2.28 9.94 ± 2.39 −0.208 .836
Reduced activity scores 11.06 ± 3.34 10.77 ± 3.37 0.434 .665
Reduced motivation scores 8.02 ± 3.09 8.09 ± 2.74 −0.133 .894
Mental fatigue scores 9.49 ± 1.58 9.58 ± 1.93 −0.276 .783

SAS scores 44.46 ± 6.08 46.46 ± 5.35 −1.802 .074
SDS scores 58.23 ± 9.13 59.46 ± 7.18 −0.769 .444
Sport motivation

Intrinsic motivation to know 18.02 ± 4.60 18.19 ± 4.60 −0.190 .850
Intrinsic motivation to accomplish 19.91 ± 5.52 19.19 ± .90 0.646 .520
Intrinsic motivation to experience stimulation 18.83 ± 4.57 19.19 ± 5.25 −0.375 .708
Extrinsic motivation introjected 19.04 ± 4.89 18.92 ± 5.10 0.117 .907
Extrinsic motivation identified 20.34 ± 4.94 20.08 ± 5.72 0.254 .800
Extrinsic motivation external regulation 15.94 ± 3.72 15.89 ± 4.05 0.075 .940
Amotivation 12.77 ± 4.59 13.13 ± 4.80 −0.393 .695

Quality of life
Physical functioning score 83.49 ± 9.18 83.40 ± 8.37 0.055 .956
Role-physical score 55.66 ± 41.50 52.83 ± 39.73 0.359 .721
General health score 64.06 ± 17.84 65.57 ± 17.32 −0.442 .660
Bodily pain score 84.15 ± 14.11 85.13 ± 14.99 −0.347 .729
Vitality score 74.34 ± 15.60 78.11 ± 14.52 −1.289 .200
Social functioning score 94.58 ± 22.93 96.93 ± 20.64 −0.556 .579
Role-emotional score 59.75 ± 39.96 61.64 ± 37.78 −0.250 .803
Mental health score 71.40 ± 14.43 73.06 ± 12.16 −0.641 .523
Reported health transition score 83.49 ± 23.48 86.32 ± 24.30 −0.610 .543

Data are presented as mean ± SD.

group. Patients in the intervention group had lower SAS and SDS
scores for depression and anxiety. However, there was no signifi-
cant difference in any dimension of the quality-of-life question-
naire between the two groups.

DISCUSSION

Multiple studies have shown that kidney transplant recipients
could benefit fromexercise [28, 48].However, therewere no avail-
able studies on physical exercise training in Chinese KTRs. Our
study is the first study to explore the effect of a physical exercise
program in Chinese KTRs and indicated that they could benefit
from the physical exercise program, with less fatigue and more
motivation to be active in the intervention group. Importantly,
no adverse events were observed during the intervention period
in KTRs.

Regarding the primary outcomes, we found that patients in
the intervention group had lower fatigue scores in the five di-
mensions of the fatigue questionnaire than those in the control

group. Fatigue is present in ≈40–50% of KTRs, with rates compa-
rable to those of the haemodialysis population, leading to sig-
nificant functional impairment [17, 18]. Several studies have re-
ported that physical exercise significantly reduces fatigue in pa-
tients with chronic disease, such as breast cancer patients [49],
type 2 diabetes [50] and multiple sclerosis patients [51]. In addi-
tion, physical inactivity was associated with fatigue in KTRs [18].
We should encourage KTRs to practise the rehabilitation exer-
cise program early to decrease fatigue. SMS results showed that
KTRs in the intervention group had stronger sports motivation
than those in the control group.One noteworthy reason could be
the rehabilitation specialist’s supervision and the nurse’s recom-
mendations or guidance during the follow-up.

For the secondary outcomes, we found that no difference
was observed between the intervention and control groups in
the indicators of body composition measurements except the
phase angle. The intervention group had a higher phase an-
gle than the control group. The phase angle is directly associ-
ated with muscle strength in individuals with different health
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conditions, such as chronic obstructive pulmonary disease
(COPD) and kidney transplantation. De Blasio et al. [52] reported
that the phase angle could provide useful information for eval-
uating body composition and better assess muscle strength and
physical fitness in COPD. Several studies have already explored
the effect and function of phase angle in KTRs and indicated that
the phase angle could be used as a predictor and was inversely
associated with themortality of KTRs by nutritional assessment
[53–55]. Our results showed that physical exercise could increase
the phase angle, which was consistent with a recent systematic
review showing that exercise programs were associated with a
positive effect on the phase angle [56]. Therefore, our study pro-
vides evidence that the phase angle might be an inexpensive,
easy-to-perform and non-invasive health indicator in Chinese
KTRs. Further studies on the relationship of physical exercise,
phase angle and mortality in Chinese KTRs are needed in the
future.

The 6-MWT and 30s-CST are commonly used to estimate
cardiopulmonary fitness and exercise capacity in clinical and
research settings [57–59]. A prior study indicated a significant
correlation between walking distance and oxygen consumption
[60]. Many patients were found to have an important deficit in
the walking distance after kidney transplantation [61, 62]. A pre-
vious study reported that a change of 14.0–30.5 m for the 6-
MWT may be a minimal clinically important difference (MCID)
acrossmultiple patient groups [63]. In our study, the change in 6-
MWT was 37.11 m, which was more than the previous reported
MCID values. Our results showed that KTRs in the intervention
group had longer walking distances than patients in the con-
trol group, suggesting that physical exercise may improve peak
pulmonary oxygen uptake and cardiopulmonary function. Simi-
larly, the 30s-CST is a simple test of lower limb function.The 30s-
CST has been shown to correlate with the 6-MWT, and these two
tests are usually conducted simultaneously [64, 65]. Several stud-
ies have verified that the 30s-CST provides a meaningful metric
of functional performance in patients with COPD [66, 67]. Some
recent studies have also used it to assess physical performance
in KTRs and patientswith end-stage renal disease [57, 68].Also, a
change of at least 2 repetitions in the 30s-CST may be clinically
important [69, 70] and the change in the 30s-CST in our study
was 2.51 repetitions,whichwas in agreementwith previously re-
ported MCID values. Our results showed that the number for the
30s-CST in the intervention group increased compared with the
control group, which indicated that the exercise program could
increase physical performance in Chinese KTRs. For the tradi-
tional Chinese exercise Baduanjin, Wu et al. [71] reported that
Tai Chi interventions could improve older adults’ 30s-CST,which
was consistent with our results. Our studywas the first to look at
the relationship between Baduanjin and physical performance
in KTRs using the 30s-CST.

Physical exercise also significantly improved the incidence
of anxiety and depression in Chinese kidney transplant recip-
ients. Anxiety, depression or psychosocial pain is experienced
by 20–60% of KTRs [72]. Depression and anxiety are also highly
prevalent psychological disorders in patients with end-stage
renal disease, which may have a negative clinical impact on the
endogenous creatinine clearance rate after kidney transplan-
tation [73, 74]. Furthermore, anxiety and depression have an
inverse correlation with the ability to self-manage [74]. In our
physical exercise program, KTRs in the intervention group after
discharge created a daily exercise rehabilitation video and sent
the video by smartphone. These activities might have improved
their self-management ability and decreased anxiety and
depression.

In our study, the comparison group showed no significant dif-
ferences in any dimension of the quality-of-life questionnaire
over time, which was not consistent with a previous report [75].
Short intervention and follow-up time may be responsible for
the results of the study. Further studies are needed to examine
the effect of physical training on the quality of life in the fu-
ture. Finally, the participants did not experience adverse events
in our study. However, the physical exercise program included
extensive stretching motions, which had the potential for ad-
verse events, such as wound dehiscence and bleeding and mus-
cle strain. We suggest that the participants should be educated
about the clinical manifestations of potential adverse events
prior to starting an exercise program and were guided and ac-
companied by the nurses and exercise rehabilitation specialist
when they did the exercise program during the pre-discharge
stage.

Limitations

Our study had several limitations. All participants enrolled in
this study came from theThirdXiangyaHospital.Multicentre tri-
als in different regions and different levels of hospitals are war-
ranted. Additionally, the period of our RCT was only 6 months,
including intervention for 3months and follow-up for 3months.
Only outcomes at one time point after the interventionwere col-
lected. Sustained effectiveness remains to be confirmed. The re-
peated measure ANOVA analyses indicated that the time effect
was also included in some variables, such as the 6-MWT. There-
fore,measurements need to be taken atmore time points to cap-
ture the effects of intervention in the future.

CONCLUSION

The present study verified that Chinese KTRs could benefit from
a rigorous and standardised physical exercise program. This
study can be used as a reference for subsequent evidence-based,
nurse-led physical exercise interventions in Chinese KTRs.
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