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Objective: This study aims to explore the feasibility, safety, and effectiveness of
home exercise prehabilitation on a new social platform for remote guidance to
optimize the physical function of patients with end-stage renal disease awaiting kidney
transplantation and provide scientific guidance on home prehabilitation exercises for
patients awaiting kidney transplantation.

Methods: The subjects of this randomized clinical trial were randomly divided into the
test and control groups. The control group maintained their exercise habits, while the
trial group was given a 12-week personalized home prehabilitation exercise prescription
(aerobic exercise + functional resistance exercise + flexibility exercise) on a new
social platform with remote guidance. The participants’ physical and cardiorespiratory
fitness, quality of life, and psychological functioning were assessed before and after
the intervention. The 6-min walk test (6MWT) walking distance and its percentage of
attainment, the handgrip, the 5 repetition-sit-to-stand test, and the 4-m gait speed were
used as primary outcome indicators, while the Short Form Health Survey SF-36 (health
survey summary table) and the Hospital Anxiety and Depression scale were used as the
secondary outcome indicators.

Results: After 12 weeks of intervention, the changes in the 6MWT measured distance
(+ 44.9 ± 40.2, P = 0.001) and the percentage of 6MWT measured distance achieved
(+ 6.8 ± 5.7, P = 0.001), the handgrip (+ 2.7 ± 4.3, P = 0.028), the 5-sit-to-stand test
(−1.1 ± 1.4, P = 0.005), and the 4-m walking speed (−0.3 ± 0.4, P < 0.001) of the test
group (n = 21) improved significantly. In the control group (n = 16), the changes in the
6MWT measured distance (−13.1 ± 57.2), the 6MWT measured distance attainment
percentage (−2.1 ± 9.1), the handgrip (−0.1 ± 2.5), the 5-sit-to-stand test value
(0.6 ± 2.2), and the 4-m walking speed (0.2 ± 0.5) showed no significant difference.
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No significant improvement in anxiety, depression, and SF-36 was noted in both the test
and control groups.

Conclusion: The remote coaching of home exercise pre-habilitation on a new social
platform significantly improves the physical and cardiopulmonary fitness of patients with
end-stage renal disease awaiting kidney transplantation. This treatment is safe and
feasible in this population.

Keywords: end-stage renal disease, kidney transplantation, home exercise prehabilitation, physical fitness,
cardiorespiratory fitness

INTRODUCTION

End-stage renal disease (ESRD) refers to the development of the
chronic kidney disease to the end stage in which the glomerular
filtration rate is less than 15 mL/(min·1.73 m2). According to
the World Health Organization, the incidence of chronic kidney
disease in China exceeds 10.8%, and more than 0.03% of the
patients develop ESRD (Zhang L. et al., 2012). ESRD seriously
affects the life expectancy and quality of life of patients. The
treatment of ESRD includes dialysis and kidney transplantation
(Jha et al., 2013). Compared with dialysis treatment, kidney
transplantation can achieve higher survival rates and quality of
life, and lead to better clinical outcomes (Landreneau et al., 2010).

Due to the CKD stage and the dialysis treatment itself,
ESRD patients often experience a decline in physical function
while waiting for kidney transplantation. Previous research
has reported that frailty and decreased cardiopulmonary
function can lead to increased mortality and graft loss after
kidney transplantation, placing a burden on Medicare (Bao
et al., 2012).Previous research has shown ESRD patients are
three times more likely to experience frailty than healthy
persons (Lam and Jassal, 2015).Major surgeries, including
the kidney transplantation, pose significant physiologic
stress. Frailty and cardiopulmonary fitness are strongly
associated with environmental and functional imbalances
during the perioperative period. Frailty and decreased
cardiopulmonary function increased rate of complications, such
as delirium, delayed graft function, long hospital stay, increased
early postoperative readmission rates, immunosuppressive
intolerance, decreased quality of life, and increased mortality
(Haugen et al., 2019). The cardiopulmonary function of the
patients awaiting kidney transplantation was significantly low.
In 56% of these patients awaiting kidney transplantation, the
peak oxygen consumption was below 40% of the age-predicted
value (Ting et al., 2014). Low peak oxygen consumption is
associated with intensive care unit occupancy and mortality rate
of patients undergoing kidney transplantation (Ting et al., 2013).
Cardiovascular disease is the leading cause of death in patients
with chronic kidney disease (Methven et al., 2017).

In patients undergoing non-emergency surgery, a good
preoperative physical function implies few postoperative
complications (Gillis et al., 2014). Prehabilitation is an exercise-
based treatment program designed to improve the patient’s
preoperative health for a better postoperative outcome (Cabilan
et al., 2015). Lorenz et al. (2020) showed that multimodal

exercise consisting of endurance training, strength training,
and flexibility training twice a week for a total of 8 weeks while
waiting for kidney transplantation can significantly improve
fatigue, physical function, walking time, and grip strength.
Manfredini et al. (2017) conducted a 6-month personalized
home walking exercise program in 227 hemodialysis patients.
The results showed that the experimental group increased the
walking distance of the 6-minute walk test by 48 meters, and the
time of 5-sit-to-stand test was reduced by 2.3 seconds. ESRD
patients awaiting kidney transplantation are well suited for a
prehabilitation program due to their functional decline and
desire for kidney transplantation with expectations of improved
physical health for increased probability of transplant success
and reduced postoperative complication rates. Since dialysis and
rehabilitation training cannot always be completed in the same
medical facility, outpatient rehabilitation training increases the
cost of transportation and time for patients. Some patients also
require caregivers to accompany them, reducing the accessibility
of outpatient rehabilitation. Home exercise prehabilitation
can reduce the time and financial burden associated with
regular visits to outpatient rehabilitation clinics. Unsupervised
prehabilitation exercise programs at home for patients who
underwent cardiac-related surgery (Waite et al., 2017) and with
end-stage liver disease awaiting liver transplantation have been
reported (Williams et al., 2019). However, there are fewer studies
on patients awaiting kidney transplantation for prehabilitation.
We hypothesize that home exercise prehabilitation through
remote coaching and monitoring on the WeChat social platform
and exercise bracelets could optimize the function of ESRD
patients and optimize transplantation outcomes.

By evaluating the effects of home prehabilitation exercises
on the physical and psychological functions of ESRD patients
before kidney transplantation, we explore the feasibility of home
exercise prehabilitation to optimize the physical functions of
ESRD patients and provide a scientific and valuable guideline
basis for home prehabilitation exercises for patients waiting for
kidney transplantation.

MATERIALS AND METHODS

Sample Size Calculation
The sample size calculation was based on the results of Rossi et al.
(2014).The study is powered for the primary outcome measure
of the improvement of exercise on the 6-minute walk test. Using

Frontiers in Psychology | www.frontiersin.org 2 June 2022 | Volume 13 | Article 831445

https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles


fpsyg-13-831445 June 16, 2022 Time: 7:25 # 3

Ma et al. Home Rehabilitation for ESRD

the G-power software, the parameter values were set (i.e., effect
size = 0.90, α = 0.05, and power = 0.80), the independent sample
t-test was selected, the sample size was calculated as 32 people,
and the expected shedding rate was 20%. Therefore, 40 subjects
were actually needed for this experiment.

Inclusion Criteria
The inclusion criteria were set as follows:

(i) Patients with end-stage renal disease (ESRD) estimated to
have received their first kidney transplant at ≥ 12 weeks who
were on the kidney transplant waiting list at the Second Affiliated
Hospital of Hainan Medical College.(ii) the patients should be
18–60 years old;(iii) the patients volunteered and signed the
informed consent form.

Exclusion Criteria
The following patients were excluded from the study: (i) patients
with unstable angina pectoris, new arrhythmia, recent myocardial
infarction, or unstable cardiovascular events; (ii) patients who
had a recent cerebrovascular accident or with a modified Rankin
score (Modified Rankin Scale, mRS ≥ 3) (Yuan et al., 2012); and
(iii) those who could not participate in the exercise due to other
serious diseases.

Subjects Recruitment
Sixty-seven subjects with ESRD were recruited in the Second
Affiliated Hospital of Hainan Medical College from August 2020
to December 2020 among the patients who met the criteria
for admission and awaiting kidney transplantation. Twelve of
the 67 patients were excluded because they did not meet the
inclusion criteria or satisfied an exclusion criterion, refused to
participate, or could not use smartphones and sports bracelets.55
patients were randomly assigned in two groups: Control group
(n = 27) and Test group (n = 28;12-week home exercise
prehabilitation) Before the trial, all subjects were introduced to
the trial process and signed an informed consent form. The trial
protocol was approved by the Ethics Committee of the Second
Affiliated Hospital of Hainan Medical College and registered
with the China Clinical Trials Registry with registration number
ChiCTR2000037846.

Study Intervention
Specific details of the study design and methods have been
published (Ma et al., 2021). Here, we report a subset of the
data from the preoperative phase. This phase study was a
randomized controlled design for 12 weeks. Patients with ESRD
who are classified as candidates for kidney transplantation were
evaluated and treated to explore the safety and feasibility of
home exercise prehabilitation. Throughout the trial, all the
subjects were asked to maintain their original dietary habits. The
general information includes age, gender, type of occupation,
marital status, education, body mass index (BMI), duration and
frequency of dialysis, causes of ESRD, types of renal replacement
therapy, and adverse effects. The cardiopulmonary function is
evaluated by the 6MWT, and the maximum distance that the
subjects can reach is measured. The 6MWT is significantly

correlated with the peak oxygen consumption (ATS Committee
on Proficiency Standards for Clinical Pulmonary Function
Laboratories, 2002), which has good reliability and validity
and can predict the adverse outcome of ESRD (Kohl et al.,
2012).Physical fitness is evaluated by the handgrip, the 4-m gait
speed, and the 5-sit-to-stand test (5R-STS). The grip and lower
limb muscle strengths are good indicators of the systemic muscle
strength (Ma, 2019) and reliable predictors of the increased risk
of hospitalization and death (Guralnik et al., 2000).The quality of
life is evaluated by the SF-36, which includes physical function,
the limitation caused by the body, body pain, general health,
vitality, social function, the limitation caused by emotion, and
mental health. The higher the comprehensive score is, the better
the quality of life is (Zhang Y. et al., 2012). The Hospital Anxiety
and Depression scale will be used to evaluate the emotional
state of anxiety and depression. Several anxiety and depression
problems exist. The higher the total score is, the more serious
the anxiety or depression is. This scale has good reliability and
validity in our general hospitals, with anxiety Cronbach α = 0.76,
and depression Cronbach α = 0.78 (Zheng et al., 2003).

Control Group
Renal replacement therapy, such as peritoneal dialysis
or hemodialysis, was continued while waiting for kidney
transplantation. Original exercise habits were also maintained.
When the patients returned to the hospital after 12 weeks, they
were re-evaluated for indicators, such as physical fitness and
cardiopulmonary function.

Test Group
In addition to continuing their dialysis treatment while awaiting
renal transplantation, individualized exercise prescriptions,
including aerobic exercise, functional resistance training,
and post-exercise session stretching, were developed and
demonstrated for each patient by the same physical therapist
on the basis of the functional assessment results. Supplement
shows the detailed strategy of the exercise program. Patients were
taught to apply the self-perceived exertion method (Borg6-20) to
monitor the training intensity (Foster et al., 2001).

A WeChat group was established for the subjects. Home
exercise diaries and exercise bracelets were distributed, and
training on their proper use was conducted. Then, the home
prehabilitation exercise was started. The exercise bracelet had
to be turned on during the exercise to record the change in
the exercise heart rate and the calories consumed.The heart
rate, the calories consumed, photos or videos of the exercise
process were uploaded to the WeChat group to “punch the
card.” In addition to encouraging the patients to complete
the exercise and clock in on time in the WeChat group, the
experimenter conducted weekly telephone surveys after the start
of the trial to encourage the patients to complete a home exercise
diary and report any problems they encountered during their
exercise, such as pain or discomfort, for the exercise prescription
to be adjusted appropriately. The functional capacity, quality
of life, and the emotional state of anxiety and depression
of all the participants were reassessed by the same physical
therapist after 12 weeks.
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FIGURE 1 | Flow chart of the test. 6MWT: 6-min walk test, 5R-STS: 5 repetition-Sit-to-stand test, SF-36: Short Form Health Survey SF-36.

(1) Aerobic exercise: Individualized aerobic exercise
prescriptions were developed for the subjects based on the
results of the patient’s 6MWT assessment, including a 5-min
warm up (slow walk), a 30-min moderate intensity walk (Ma,
2019), a 60%-of-heart-rate reserve walk, and a 5-min cool down
(slow walk) (Supplementary Table 1).

(2) Functional resistance training: According to the weakness
of the lower limbs (Zanotto et al., 2020) of the ESRD patients
and the damage of the external oblique muscle, the internal
oblique muscle, the transverse muscle, and the rectus abdominis
muscle caused by Rutherford Morison and Alexandra incisions
in the common operation methods of kidney transplantation,
the following functional training was designed to strengthen the
muscle strength reserve (Supplementary Table 2). The training
movements include heel up, kick, squat up, dilatation of chest,
bridge movement, and side pushing. This functional training is
combined with breathing training, that is, exhale when exerting
and inhale when relaxing, with each action repeated 8–12 times.
The training intensity is defined by the self-perceived exertion
(Borg11-13), and the frequency is 3 times a week.

(3) Post-exercise session stretching: After the end of the
aerobic exercise and the resistance training, stretching is carried
out for each resistance training muscle group (Supplementary
Table 3). The training movements include stretching the front
of the leg, stretching the back of the leg, and calf stretch. The
duration of each action is 20 s, and each action is repeated 2–3
times, with a total time of approximately 10 min. Even breathing
is maintained during the entire course.

Statistical Analysis
The test data were analyzed using the SPSS24.0 statistical software
with Office Excel 2016. The quantitative data were subjected
to the Kolmogorov–Smirnov test to determine whether they
followed a normal distribution. If the quantitative data followed
a normal distribution, paired t tests were performed for within-
group comparisons from baseline to the end of the study.
Between-group differences at baseline and in the change from
baseline to the end of the study were tested with unpaired t tests.
If the data did not meet the normal distribution, then the Mann–
Whitney U test was used for analysis. The results are expressed
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as mean ± standard deviation (X ± S). The greater the 6MWT
distance and its percentage of achievement, the handgrip, and the
quality of life were, the better, and the smaller the 4-m walking
speed and the 5R-STS time were, the better. The change values
were calculated according to the results of the two assessments,
and change value = posttest value - initial value. Qualitative
information was tested by the chi-square test (χ2 test), and
the results are expressed as percentages (%). The significance
level was P < 0.05. Given the statistical difference in the age
comparison in the baseline data, age was used as an analysis of
covariance to explore whether the age factor had an effect on each
target variable.

RESULTS

During the intervention, 18 dropped out halfway through. Of
the subjects who dropped, 11 and 7 belonged to the control
and experimental groups, respectively. We did not assess post-
intervention outcomes of the subjects who dropped out, so only
37 individuals were included in the outcome analysis. The flow of
subjects is detailed in Figure 1, including the detailed reasons for
exclusion and withdrawal.

Basic Information
The mean age of the 37 patients was 41 years, and 67% were
male. No significant differences were observed between the
intervention and control groups in gender, BMI, occupation,
marital status, education, type of renal replacement therapy,
history of dialysis, history of previous comorbidities, and exercise
habits (P > 0.05). A significant difference in age was noted
between the two groups (P = 0.038). See Table 1 for details.

Primary Indicators
6MWT Measured Distance
Before the intervention, no significant difference in the measured
6MWT distance existed between the two groups (P > 0.05).
No linear relationship existed between the age factor and the
6MWT measured distance, and the age factor had no significant
effect on the 6MWT measured distance after treatment. After
the intervention, a significant improvement in the measured
6-mindistance (t = −5.122, P < 0.001) was observed in the
test group, whereas that in the control group decreased. The
details are shown in Table 2. The values of the change in
the 6MWT measured distance (difference between posttest and
initial measurement) were calculated for both groups. The
comparisons using the Mann–Whitney U test reveal a statistically
significant improvement in the test group over the control group
(t =−3.174, P = 0.001), as shown in detail in Figure 2A.

6MWT Measured Distance Compliance Percentage
Before the intervention, the percentage of the 6MWT measured
distance achieved was higher in the control group than in the
test group, with a significant difference of P = 0.044. No linear
relationship existed between the age factor and the percentage
of the 6MWT measured distance, and the age factor had no
significant effect on the percentage of the 6MWT measured

distance achieved after the treatment. After the intervention,
the percentage of the 6-min walk measured distance achieved
(t = −5.437, P < 0.001) exhibited significant improvement in
the test group and no improvement in the control group. The
details are shown in Table 2. The value of the percentage change
in the 6MWT measured distance achieved (difference between
the posttest and the initial measurement) was calculated for both
groups. The comparisons using the Mann–Whitney U test reveal
a statistically significant improvement in the test group compared
with the control group (t = −3.097, p = 0.001). Figure 2B
presents the details.

Grip Strength
Before the intervention, no significant difference in grip strength
existed between the two groups (P > 0.05). No linear relationship
existed between the age factor and the grip strength, and the
age factor had no significant effect on the grip strength after

TABLE 1 | Comparison of general conditions of subjects in both groups (X ± S).

Test group
(n = 21)

Control group
(n = 16)

χ2/t/Z p

Sex - Male (%) 14(66.7) 11(68.8) 0.018 1.000†

Age (years) 38.9 ± 10.5 45.9 ± 8.9 −2.153 0.038#

Height (cm) 164.4 ± 10.2 164.8 ± 5.0 −0.116 0.908#

Body weight (kg) 57.4 ± 11.3 59.2 ± 9.6 −0.517 0.608#

BMI (kg*m−2) 21.2 ± 3.5 21.8 ± 3.6 −0.555 0.582#

Marital status (%)

Married 15(71.4) 15(81.1) 2.806 0.270†

Unmarried 5(23.8) 1(6.3)

Divorced/widowed 1(4.8) 0(0)

Occupation(%)

Yes 11(52.4) 9(56.3) 1.629 0.877†

No 8(38.1) 5(31.3)

Student 1(4.8) 0(0)

Retired 1(4.8) 2(12.5)

Education level(%)

Undergraduate 5(23.8) 0(0) 7.520 0.081†

Specialized 5(23.8) 4(25)

High School 1(4.8) 3(18.8)

Junior High School 10(47.6) 7(43.8)

Elementary School 0(0) 2(12.5)

Type of
dialysis(%)

Hemodialysis 15(71.4) 11(68.8) 1.327 0.691†

Peritoneal dialysis 6(28.6) 4(25)

Peritoneal dialysis
+ hemodialysis

0(0) 0(0)

Did not start
dialysis

0(0) 1(6.3)

Dialysis history
(years)

2.1 ± 2.2 4.6 ± 7.4 1.188 0.241*

Hypertension (%) 19(90.5) 16(100) 1.611 0.495†

Diabetes
mellitus(%)

2(9.5) 1(6.3) 0.131 1.000†

BMI: Body Mass Index, Weight (kg)/height (m) 2.†Cardsquare test was used,#

Independent samples t-test was used, * Mann–Whitney U test was used.
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TABLE 2 | Changes in primary outcomes.

Test group
(n = 21)

Control group
(n = 16)

Between-group difference, Mean
(95%CI)

Z/t p Effect size
Cohen’s D

6MWT distances

Pre-intervention 467.0 ± 58.6 493.6 ± 75.6 −26.6(−71.3∼18.2) −1.206 0.236#

Post-intervention 511.9 ± 64.5 480.4 ± 59.8 31.5(−10.7∼73.6) −1.503 0.138* 0.506

Post-intervention-Pre-intervention 44.9 ± 40.2 −13.1 ± 57.2 58.0(25.6∼90.5) −3.174 0.001* 1.173

6MWT measured distance compliance percentage

Pre-intervention 71.3 ± 12.0 80.3 ± 14.1 −9.0(−17.7∼−0.2) −2.087 0.044#

Post-intervention 78.0 ± 12.7 78.1 ± 11.5 −0.1(−8.3∼8.1) 0.491 0.639* −0.008

Post-intervention-Pre-intervention 6.8 ± 5.7 −2.1 ± 9.1 8.9(3.9∼13.8) −3.097 0.001* 1.172

Grip strength

Pre-intervention 28.6 ± 8.1 33.7 ± 8.1 −5.2(−10.6∼0.3) −1.929 0.062#

Post-intervention 31.2 ± 9.4 33.6 ± 9.5 −2.4(−8.8∼4.0) −0.764 0.450# −0.254

Post-intervention-Pre-intervention 2.7 ± 4.3 −0.1 ± 2.5 2.8(0.3∼5.2) 2.293 0.028# 0.796

5-sit-to-stand test (5R-STS)

Pre-intervention 10.1 ± 1.8 9.0 ± 2.8 1.1(−0.4∼2.7) 1.500 0.143#

Post-intervention 9.0 ± 1.7 9.6 ± 3.3 −0.6(−2.3∼1.1) 0.123 0.916* −0.229

Post-intervention-Pre-intervention −1.1 ± 1.4 0.6 ± 2.2 −1.7(−2.9∼−0.6) −2.976 0.005# −0.922

4-m gait speed

Pre-intervention 3.2 ± 0.5 2.8 ± 0.5 0.4(0.1∼0.7) 2.377 0.023#

Post-intervention 2.9 ± 0.4 3.0 ± 0.5 −0.2(−0.5∼0.1) −1.372 0.179# −0.221

Post-intervention-Pre-intervention −0.3 ± 0.4 0.2 ± 0.5 −0.6(−0.9∼−0.3) −4.154 <0.001# 0.221

6MWT: 6-minute walking test, CI: confidence interval.* Mann–Whitney U test was used, # independent samples t test was used.

the treatment. After the intervention, a significant improvement
in grip strength (t = −2.844, P < 0.010) was observed in the
test group, whereas that in the control group decreased. The
details are shown in Table 2.The changes in the grip strength
values (difference between post- and initial tests) were calculated
for both groups and compared using the independent samples
t-test, revealing that the improvement in the test group was
significantly greater than that in the control group (t = 2.293,
P = 0.028), and the difference was statistically significant. See
Figure 2C for details.

5-Sit-to-Stand Test (5R-STS)
Before the intervention, no significant difference existed between
the two groups in terms of the time 5R-STS (p > 0.05). After
the intervention, a significant improvement in 5R-STS (t = 3.737,
P = 0.001) in the test group was achieved after adjusting the
age factor. Table 2 presents the details. The calculation of
the values of the change in 5R-STS (difference between the
posttest and the initial test) between the two groups using an
independent samples t-test shows that the improvement in the
test group was significantly greater than in the control group
(t = −2.976, P = 0.005), and the difference was statistically
significant. Figure 2D presents the details.

4-m Gait Speed
Before the intervention, the 4-m gait speed in the control group
was higher than that than in the test group, with a significant
difference of p = 0.023. No linear relationship existed between
the age factor and the 4-m gait speed, and the age factor had
no significant effect on the 4-m gait speed after treatment. The
smaller the indicator of the 4-m gait speed was, the better.

A significant improvement in 4-m gait speed was observed in
the test group (t = 4.040, p = 0.001) after the intervention,
whereas that in the control group decreased. Table 2 presents the
details. The value of the change in the 4-m gait speed (difference
between the posttest and the initial test) was calculated for both
groups and compared using an independent samples t-test, and
the improvement was found to be significantly greater in the test
group than in the control group (t = −4.154, P < 0.001), with a
statistically significant difference. Figure 2E presents the details.

Secondary Outcomes
Anxiety and Depression
Before the intervention, no significant difference in anxiety and
depression existed between the two groups (P > 0.05). After
the intervention, no statistically significant difference existed
between the anxiety and depression in the test and control
groups. The change values (the difference between the posttest
and the initial test) of the two groups were calculated and
compared using the Mann–Whitney U test, revealing that no
statistically significant difference existed between the change
values of anxiety and depression in the test and control groups.
Table 3 presents the details.

According to the HADS score scale of 0–7 normal, 8–10
mild depression/anxiety, 11–14 moderate, and 15–21 severe,
the patients who satisfied the anxiety-depression status (≥ 7
points) prior to the intervention were compared. Before the
intervention, no significant difference in anxiety and depression
existed between the two groups (p > 0.05). After the intervention,
the anxiety in both groups improved, with no significant
difference (P = 0.411). Depression increased in both groups but
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FIGURE 2 | Changes in primary outcomes. (A) Comparison of the measured distance change values of 6MWT between two groups of subjects, ***P < 0.001.
(B) Comparative analysis of the values of the percentage change in the measured distance attained for 6MWT in two groups of subjects, ***P < 0.001.
(C) Comparative analysis of grip strength change values between the two groups of subjects, *P < 0.05. (D) Comparative analysis of the change values of the
5R-STS for the two groups of subjects, **P < 0.01. (E) Comparative analysis of the change values of the 4-meter gait speed for the two groups of subjects,
***P < 0.001. *p < 0.05, **p < 0.01, and ***p < 0.001.

no significant difference was noted. The change values (difference
between the posttest and the initial test) were calculated for

both groups and compared using the Mann–Whitney U test,
and no statistically significant differences were found between
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the anxiety and depression change values of the test and control
groups(Supplementary Table 4 in Supplement).

Quality of Life
Before the intervention, no significant difference in SF-36 existed
between the two groups (P > 0.05). The greater the index of
quality of life was, the better. After the intervention, the quality of
life in the test group improved, but no significant difference was
observed. The quality of life of the control group decreased, with
no significant difference. The SF-36 change values (the difference
between the posttest and the initial test) were calculated for both
groups and compared using the Mann–Whitney U test, and no
statistically significant differences were found between the SF-36
change values of the test and control groups (Table 3).

DISCUSSION

The high incidence of ESRD severely affects the life expectancy
and quality of life of patients. Kidney transplantation can improve
the survival and quality of life of ESRD patients. However,
the cardiopulmonary function debilitates and declines in ESRD
patients awaiting kidney transplantation. In the present study, the
average 6MWT distance measured in 37 subjects only reached
75% of the normal predicted values. The decrease in function
can lead to increased mortality and graft loss after kidney
transplantation (Bao et al., 2012). Manfredini study showed that
exercise therapy during dialysis increases the maximal oxygen
uptake and exercise duration in ESRD patients (Methven et al.,
2017). In the study of Mara on the preoperative prehabilitation
for kidney transplantation, weekly outpatient prehabilitation
for 3–6 months before surgery was found to significantly
improve ESRD patients’ mobility (McAdams-DeMarco et al.,
2019). However, regular outpatient exercise programs can impose
time and financial burdens on patients with ESRD. This
situation limits the widespread use of outpatient exercise in

this patient population. Patients prefer home and community-
based exercise to exercise during hemodialysis in the hospital
(Sieverdes et al., 2015). The results of this study show that
12 weeks of home prehabilitation exercise on a new social
platform with remote guidance improved the physical fitness
(grip strength, 5R-STS, 4-m gait speed) and cardiorespiratory
fitness (6-min walking distance and its percentage of attainment)
of ESRD patients awaiting kidney transplantation. In contrast,
the physical performance (grip strength, 5R-STS, 4-m gait speed)
and the cardiopulmonary function (6-mine walking distance
and its percentage of attainment) decreased after 12 weeks
in the control group, which did not differ from the baseline
physical performance and cardiopulmonary function levels of
the test group. Twelve weeks of home prehabilitation exercises
can indeed improve the physical fitness and cardiorespiratory
function of ESRD patients waiting for kidney transplantation.

In a study of patients undergoing cardiac-related surgery
(coronary artery bypass grafting and heart valve surgery),
Waite found that preoperative home prehabilitation reduces
debilitation, improves the physical function, and shortens the
length of hospital stay (Waite et al., 2017).Williams also found
that home exercise improves the aerobic capacity and functional
status of patients awaiting liver transplantation (Williams et al.,
2019). However, relevant reports on kidney transplant waiting
patients are limited. Uchiyama et al. (2021) divided patients
with Stage 4 CKD into exercise and control groups and
found that 6 month home-based exercise program improved
aerobic capacity and health related quality of life in patients
with Stage 4 CKD.

The exercise in this study was performed unsupervised at
home. To increase patient compliance, we educated the patients
about the need for preoperative prehabilitation. We provided
each participant with a home exercise diary and an exercise
bracelet, and the exercise prescriptions were printed in pictures
and text in the exercise diary. We also recorded videos of relevant
exercise movements and sent them to the patients. We set
up a WeChat group and daily exercise punch cards, provided

TABLE 3 | Changes in secondary outcomes.

Test group
(n = 21)

Control group
(n = 16)

Between-group difference,Mean
(95%CI)

Z/t p effect size
Cohen’s D

Anxiety

Pre-intervention 4.6 ± 2.2 4.7 ± 3.7 1.0(−2.1–1.9) −0.324 0.751*

Post-intervention 4.1 ± 3.7 5.1 ± 3.7 −1.0(−3.55–1.5) −0.806 0.426#
−0.270

Post-intervention-Pre-intervention −0.5 ± 2.6 0.4 ± 2.2 0.8(−2.6–0.7) 1.731 0.089* −0.374

Depression

Pre-intervention 4.8 ± 3.0 5.1 ± 3.9 −0.3(−2.6–2.0) 0.201 0.844*

Post-intervention 5.2 ± 3.2 5.4 ± 4.1 −0.2(−2.7–2.2) −0.204 0.839#
−0.027

Post-intervention-Pre-intervention 0.4 ± 3.4 0.4 ± 3.2 0.1(−2.2–2.3) 0.372 0.728* 0

SF-36

Pre-intervention 112.4 ± 9.7 112.3 ± 14.8 0.1(−8.0–8.3) 0.069 0.972#

Post-intervention 112.7 ± 13.7 111.8 ± 16.2 1.0(−9.0–10.9) 0.195 0.847# 0.060

Post-intervention-Pre-intervention 0.3 ± 11.3 −0.5 ± 11.2 0.8(−6.8–8.4) −0.015 0.988* 0.071

SF-36: Short Form Health Survey SF-36,CI: confidence interval.* Mann–Whitney U test was used, # independent samples t test was used; a paired samples
t test was used.
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encouragement within the group, and made weekly follow-up
phone calls. After recruiting the subjects, 94% of those who
met the eligibility criteria agreed to participate in this trial,
indicating that ESRD patients have a good acceptance of home
exercise prehabilitation, and 75% of these patients completed the
full intervention. The 12-week home prehabilitation exercise for
ESRD patients was confirmed to be feasible.

There was a significant difference in age between the two
groups at baseline statistical analysis. Analysis of covariance
was used to adjust for baseline age measurements. No linear
relationship existed between the age factor and the outcomes. But
we cannot exclude that it may raise some questions regarding
the observed results. For example, it was precisely because the
experimental group was younger that the physical function
improved better after exercise. This needs to be verified in
subsequent larger and more rigorous RCTs. One peritoneal
dialysis subject in this study had symptoms of generalized
edema, weight gain, and scrotal edema 2 months prior to
entry into this study. The edema symptoms were exacerbated
by scrotal edema during prehabilitation with home exercise.
The above symptoms improved after intensive peritoneal
dialysis ultrafiltration treatment, indicating that home exercise
prehabilitation is safe.

Manfredini showed in a study on ESRD patients that a 6-
month low-intensity walking program improved the depression
and quality of life scores (Manfredini et al., 2017). In contrast, no
significant improvement in the anxiety-depression and quality of
life scores was observed in the intervention and control groups
of this study. This may be related to the small sample size of
this study, which has a short period of only 12 weeks, and to
the fact that the subjects did not meet the diagnostic criteria for
anxiety-depression scores at the baseline assessment for anxiety
(4.6± 2.2) and depression (4.8± 3.0) scores.

This study is the first exploratory trial of a home
prehabilitation campaign for ESRD patients awaiting kidney
transplantation with a small sample size. This study was
conducted in a single center, with limitations for future multi-
center replication. In future studies, the real-time monitoring and
collection of patient exercise records, the mastery of intensity,
and increased communication and trust building between
rehabilitation therapists and patients are issues that need further
improvement. This study combined three types of exercise
(aerobic exercise, strength training, and post-exercise session
stretching). One of the exercises may have primarily affected
the physical performance and the cardiorespiratory fitness.
Future trials could further investigate the effects of the type
and amount of exercise on the physical and cardiorespiratory
fitness of this group of individuals. In addition, a larger sample
size and multicenter randomized controlled trials are needed for
validation in the future.

CONCLUSION

The 12-week home exercise prehabilitation on a new social
platform with remote guidance improves the physical and
cardiorespiratory fitness of patients with ESRD awaiting renal
transplantation, and unsupervised home exercise is safe, effective,
and feasible in this population.
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