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Abstract

In recent years, a concept of renal rehabilitation has become widely known among nephrology specialists, dialysis

specialists, kidney transplantation specialists, rehabilitation specialists, nutrition specialists, guideline specialists,

nurses, physiotherapists, and representatives of patients. Therefore, in order to make it clear the definition, methods,

and effectiveness of renal rehabilitation in Japan, we launched Renal Rehabilitation Guideline Preparation

Committee in 2016 as a part of works in the Japanese Society of Renal Rehabilitation, and created a guideline in

accordance to the “Minds Handbook for Clinical Practice Guideline Development 2014”. Here, we report systematic

reviews and recommendations of exercise therapies in patients with kidney diseases based on the guideline

preparation committee works. Six recommendations for the condition of each kidney disorder, groups addressing

nephritis/nephrosis, chronic kidney diseases, dialysis therapy, and kidney transplantation were created. All the

recommendation grades were determined by a consensus conference participated in by representatives of patients

and various professionals. The purpose of this report is to provide an evidence-based, best practice summary to

optimize the quality, safety and efficacy, and availability of renal rehabilitation service, and to provide care for

maximum patient prognosis, quality of life, and satisfaction.
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Introduction
The management of primarily elderly chronic kidney

disease (CKD) and dialysis patients is an urgent task in

Japan. The number of patients with CKD has increased to

13.3 million, and that of patients receiving hemodialysis

due to chronic renal failure surpassed 320,000 as of the

end of 2015. The quality of dialysis therapy in Japan is

leading the world, but while long-term survival for 40 years

or longer has been achieved, aging of patients is progres-

sing with the mean age at the introduction of dialysis

being 69.2 years and the mean age of all dialysis patients

being 67.9 years. The percentage of patients with multiple

disabilities is also increasing.

CKD is not only a major risk factor for dialysis but

also increases the risk of cardiovascular diseases and is

closely related to lifestyle-related diseases such as dia-

betes and hypertension. In addition, dialysis patients

develop complications including cardiovascular diseases,

© Japanese Society of Renal Rehabilitation (JSRR). 2019 Open Access This article is distributed under the terms of the Creative
Commons Attribution 4.0 International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain
Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article,
unless otherwise stated.

* Correspondence: k-yamaga@md.tsukuba.ac.jp
1Department of Nephrology, Faculty of Medicine, University of Tsukuba,

1-1-1, Ten-oudai, Tsukuba, Ibaraki 305-8575, Japan

Full list of author information is available at the end of the article

Yamagata et al. Renal Replacement Therapy            (2019) 5:28 

https://doi.org/10.1186/s41100-019-0209-8

http://crossmark.crossref.org/dialog/?doi=10.1186/s41100-019-0209-8&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:k-yamaga@md.tsukuba.ac.jp


infections, and malignant neoplasms and have a very

poor prognosis as the mortality 3 years after the ini-

tiation of dialysis exceeds 30%.

Methods for the diagnosis and treatment of various

underlying diseases that lead to CKD have been

described in the literature including evidence-based

guidelines. However, treatments for CKD itself, methods

for coordination among medical professionals involved

in the management of CKD, and, particularly, systematic

organization of comprehensive treatments including

methods for patient-centered care have been inadequate.

Under such circumstances, the Japanese Society of Renal

Rehabilitation was established in 2011. Rehabilitation is

defined by the WHO to “include all means to alleviate

the effects of conditions that may bring about disabilities

and social disadvantages and achieve social integration

of people with disabilities and social disadvantages.”

Therefore, renal rehabilitation was defined as “a

long-term comprehensive program consisting of exercise

therapy, diet therapy and water management, drug

therapy, education, psychological/mental support, etc., to

alleviate physical/mental effects based on kidney disease

and dialysis therapy, prolong the life expectancy, and

improve psychosocial and occupational circumstances.”

Thus, rehabilitation in its original form is to conduct all

treatments and support to help all kidney disease patients

smoothly achieve social rehabilitation instead of simply

implementing exercise therapy.

Background of preparation of this guideline
Along with the steady development of the Japanese Society

of Renal Rehabilitation, Renal Rehabilitation (written and

edited by Masahiro Kohzuki) was published in 2012

(revised in 2018), “Guide for Renal Rehabilitation for

Predialysis Stage Renal Failure” (prepared by the Japanese

Society of Renal Rehabilitation) was presented on the

website in 2016. Moreover, admitting the effectiveness of

exercise guidance or advanced diabetic nephropathy,

“additional fees for diabetes and dialysis prevention

guidance and management and guidance for patients

in the renal failure stage” were newly approved by the

health insurance system of Japan in 2016. Through

these events, the time has come to evaluate the pre-

paration of a clinical practice guideline to clearly define

renal rehabilitation as a medical action and to provide care

for maximum patient prognosis, quality of life (QOL), and

satisfaction. This guideline aims to optimize the quality,

safety and efficacy, and availability of renal rehabilitation

service. Among the items that constitute renal rehabili-

tation, exercise therapy, in particular, is the core of a com-

prehensive program, and the preparation of a practical

manual for its implementation has been ardently awaited.

Therefore, in this guideline, primarily evidence of exercise

therapy for CKD patients, about which the literature is

relatively rich, was reviewed. The procedure for the pre-

paration of clinical practice guideline has markedly

changed with time. In this guideline, also, we paid

attention to matters including systematic review of

evidence, preparation of recommendations intended

to optimize patient care, use of quality indicators as

guarantees for the quality of the guideline, and partici-

pation of patients in the preparation of the guideline based

on the “Minds Handbook for Clinical Practice Guideline

Development 2014”.

Preparation procedure
The guideline preparation committee was organized

with a wide range of knowledgeable persons including

nephrology specialists, dialysis specialists, kidney trans-

plantation specialists, rehabilitation specialists, nutrition

specialists, guideline specialists, nurses, physiotherapists,

and representatives of patients. A guideline supervising

panel consisting of the chairman andtwo members of

the executive board of our society was established, and

the chairman of the guideline preparation committee

was assigned as its chairman. The guideline preparation

secretariat was organized to manage the progression of

guideline preparation, liaison among the members,

arrangement of meetings, etc.

This guideline was intended for patients with glome-

rulonephritis/nephrotic syndrome, those with CKD in

the predialysis stage, those receiving hemodialysis, and

renal transplant recipients.

Since it was necessary to prepare clinical questions

(CQs) appropriate for the condition of each kidney

disorder, groups addressing nephritis/nephrosis, CKD,

dialysis therapy, and kidney transplantation were orga-

nized for the sections of specific discussion, and CQs

were drafted in each group using methods including the

Delphi method. In the process of selection of interven-

tion, we focused exercise therapies—as a part of renal

rehabilitation—because we felt that the evidences in nu-

tritional, mental, and social supports associated with

renal rehabilitation was not enough for our systematic

review. The SR member team nominated by the leader

of each group searched PubMed and Japana Centra

Revuo Medicina. Search formulas were shared concern-

ing exercise intervention but prepared independently by

each group concerning the target patients. The evidence

of each paper was evaluated through multiple steps

according to the Minds Handbook: Primary evaluation

was made independently by two or more members,

secondary evaluation was made by a conference of group

leaders and subleaders on the basis of the results of the

primary evaluation, and final decisions were reached

through discussion by the committee. Particularly,

recommendation grades were determined by a consensus

conference participated in by representatives of patients
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and various professionals. The details of recommendation

grades were shown in the Table 1. The final draft was

prepared through a peer review by two referees for each

chapter, reviews by related scientific societies, and hearing

of public comment.

Renal rehabilitation for patients with nephritis/
nephrotic syndrome
Introduction

1. Objectives and expected effects

� The number of patients who begin to receive

chronic dialysis therapy due to chronic

glomerulonephritis including glomerulonephritis

and nephrotic syndrome is decreasing progressively

(an overview of regular dialysis treatment in Japan

as of Dec. 31, 2016, Japanese Society for Dialysis

Therapy).

� Meanwhile, immunoglobulin A (IgA)

nephropathy, primary nephrotic syndrome,

primary membranoproliferative

glomerulonephritis, etc. were designated as

intractable diseases in 2015, and their

importance as rare diseases is increasing.

� It is considered significant to address

comprehensive renal rehabilitation including

exercise therapy as part of treatment from the

viewpoint of providing high-quality and appropriate

medical care to adults and children with

glomerulonephritis or nephrotic syndrome.

� The quality of life of adults and children with

glomerulonephritis or nephrotic syndrome is

expected to be improved by adopting aggressive

exercise therapy appropriate for the disease

stage, e.g., the stable period of

glomerulonephritis and remission period of

nephrotic syndrome.

2. Lifestyle modification, dietary counseling, and

medications

� Lifestyle and dietary guidance are the basis for

renal rehabilitation for adults and children with

glomerulonephritis and nephrotic syndrome.

� In drug therapy, drugs including corticosteroid

(steroid) and immunosuppressants are used. It

should be noted that the doses are adjusted

according to the condition of each patient

(increased, reduced, or discontinued).

� In patients being treated with steroid or

immunosuppressants, attention to prevention of

infection is necessary in lifestyle guidance.

Preventive vaccination (influenza vaccine,

pneumococcal vaccine, etc.) should be considered

as necessary. In patients treated with oral steroid

for 3 months or longer, the fracture risk should be

evaluated, and measures to control it should be

taken. Attention to necrosis of the femoral head is

necessary after steroid pulse therapy.

� In conducting dietary guidance, the Dietary

Recommendations for Chronic Kidney Disease,

2014 (adults and children, edited by the Japanese

Society of Nephrology, Tokyo Igakusha) should

be consulted. It is important to provide dietary

guidance appropriate for the disease stage

concerning restriction of salt intake and protein

and energy intake. In elderly patients, caution to

avoid malnutrition is necessary.

� Concerning individual diseases, the evidence-

based clinical practice guidelines for IgA

nephropathy 2017 (edited by the Study Group on

Intractable Kidney Diseases, Tokyo Igakusha) and

evidence-based clinical practice guidelines for

nephrotic syndrome 2017 (edited by the Study

Group on Intractable Kidney Diseases, Tokyo

Igakusha) are recommended as references.

� Regarding lifestyle/dietary guidance and

treatment for children with nephrotic syndrome,

consult the clinical practice guidelines for

pediatric idiopathic nephrotic syndrome 2013

(edited by the Japanese Society for Pediatric

Nephrology, Shindantochiryosha).

3. Positions of exercise therapy

� Exercise therapy for adults and children with

glomerulonephritis or nephrotic syndrome has

been discussed primarily regarding the necessity

of rest and exercise restriction.

� Presently, therefore, there is no systematic

evidence positively recommending or supporting

the usefulness of exercise therapy.

� For the future, appropriate exercise restriction in

the acute and unstable periods of the disease, in

the remission induction period of drug therapy,

and for the prevention of recurrence, avoidance

of excessive exercise restriction, and exercise

prescriptions in the stable and remission periods

as well as methods for their assessment should

be established.

Table 1 Summary of the strength of recommendation and

evidence

Strength of recommendation

1 Strongly recommended
2 Weakly recommended (suggested)

Strength of evidence (the overall strength of evidence across outcomes)

A Strongly confident of the estimate of effect (strong)
B Moderately confident of the estimate of effect (moderate)
C Limited confidence of the estimate of effect (weak)
D Very little confident of the estimate of effect (very weak)
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CQ1 Can exercise restriction be recommended for

patients with glomerulonephritis?

[Recommendation]

Exercise restriction is proposed not to be applied to

patients with glomerulonephritis. [2D]

[Comments]

The effects of exercise therapy on patients with glo-

merulonephritis were evaluated from the viewpoints of

four outcomes: survival rate, QOL, decline of renal func-

tion, and increase in urinary protein.

For systematic review, PubMed and Japana Centra

Revuo Medicina were searched using the search formu-

las shown elsewhere, and 3960 papers were retrieved.

Through primary screening according to the title and

abstract and secondary screening according to the text,

six papers were eventually selected to be evaluated. Since

they included no randomized controlled trial (RCT), and

since many of them were published before 2000 and had

bias risks and missing values, quantitative evaluation

was judged to be difficult, and qualitative systematic

review was carried out. In young adult patients diagnosed

by renal biopsy to have chronic glomerulonephritis

with normal renal function and moderate proteinuria

(0.8–1.5 g/day) (IgA nephropathy, ten patients), urinary

protein was reported to have increased temporarily after

exercise stress but to have returned to the original level

2 h after the end of exercise [1]. The urinary protein level

corrected for the glomerular filtration rate (GFR) in-

creased by 65.9% 1 h after the 25-min Bruce maximal

treadmill test but decreased to the resting level after 2 h,

when the renal function increased by 7.1%.

When the maximum oxygen uptake (peak VO2) was

measured on the bicycle ergometer stress exercise test in

patients with chronic glomerulonephritis definitively

diagnosed by renal biopsy (69 patients aged 11–67 years,

44 males and 25 females), the peak VO2 decreased

with the duration of illness, decreases in the blood

hemoglobin level, increases in urinary protein, and

decline of renal function. The peak VO2 was signifi-

cantly higher in those with a higher daily activity level

than in the less active group [2]. A decline of the

whole-body endurance capacity may be induced by a

decrease in daily activity level and prolongation of the

duration of illness as well as deterioration of the renal

function and anemia.

Although it is necessary to individually evaluate the

age and degrees of proteinuria and impairment of renal

function, there is no clear evidence that the prognosis of

glomerulonephritis is exacerbated by exercise or that the

prognosis is improved by rest and exercise restriction.

Therefore, we propose not to uniformly apply exercise

restriction to patients with glomerulonephritis.

Also, there have been few reports on exercise loading

in patients who show marked proteinuria or a rapid

decrease in renal function in a short period. In addition,

the exercise stress level or exercise prescription tolerated

in the stable period or the effects of intense exercise

stress have not been clarified. For patients with glo-

merulonephritis, it is important to evaluate indications

and intensity of exercise therapy individually and accor-

ding to the disease stage with observation of the clinical

course rather than uniformly judge its applicability.

CQ2 Can rest/exercise restriction be recommended

for nephrotic syndrome?

[Recommendation]

Excessive rest or exercise restriction is proposed not to

be applied to patients showing nephrotic syndrome. [2D]

[Comments]

The effects of exercise therapy in patients with neph-

rotic syndrome were evaluated from the viewpoint of four

outcomes: survival rate, QOL, decline in renal function,

and increase in urinary protein.

For systematic review, PubMed and Japana Centra

Revuo Medicina were searched using the search formu-

las shown elsewhere, and 3960 papers were retrieved.

Through primary screening according to the title and

abstract and secondary screening according to the text,

three papers were eventually selected to be evaluated.

Since there was no randomized controlled trial (RCT),

many reports were published before 2000, and there

were many bias risks and missing values, quantitative

evaluation was judged to be difficult, and qualitative

systematic review was conducted.

When patients with minimal change nephrotic syn-

drome (MCNS) in the remission period (six patients

aged 10–19 years) were examined by the bicycle ergo-

meter exercise stress test (70% of maximum exertion),

the decrease in glomerular filtration rate (GFR), decrease

in renal plasma flow, and increase in filtration rate

observed during exercise recovered to the pre-exercise

level after 60 min similarly to healthy individuals (seven

subjects). The increase in albumin in urine after exercise

showed no significant difference compared with healthy

subjects [3].

There is no clinical evidence that supports exercise

restriction in patients with nephrotic syndrome in re-

mission. Since there is no report that directly examined

the effects of rest and exercise restriction, the effects of

rest and exercise restriction in patients showing nephrotic

syndrome are unclear. Therefore, we propose to avoid

instructing excessive rest or uniform exercise restriction.

During the administration of a low dose of steroid as

maintenance therapy in the remission period, appro-

priate exercise therapy is considered necessary from the

viewpoint of prevention of obesity and steroid-induced

osteoporosis. However, it has been reported that the

plasma creatine kinase level increased significantly in

patients with nephrotic syndrome without renal failure

Yamagata et al. Renal Replacement Therapy            (2019) 5:28 Page 4 of 19



(14 patients) compared with healthy subjects 1 h after a

bicycle ergometer exercise stress test (70% of maximum

loading) [4], suggesting some metabolic changes in

skeletal muscle cells.

Renal rehabilitation for patients with non-dialysis-
dependent CKD
Introduction

1. Objectives and expected effects

� In CKD patients, the physical function is

reduced to about 70% compared with healthy

individuals [5–7].

� CKD patients often develop various

complications including cardiovascular disease,

renal anemia [8], reduced bone strength [9], and

neuropathy [10]. All these complications directly

lead to a decline in physical function, and

rehabilitation is expected to have multiple

beneficial effects on them.

� CKD patients are likely to develop a condition

called protein-energy wasting (PEW), in which

body protein mass is reduced by protein

catabolism, etc. Also, the endurance capacity is

reduced due to mitochondrial dysfunction [11, 12].

Such abnormal muscle metabolism associated with

CKD may be improved by renal rehabilitation.

� The present systematic review is expected to

lead to future improvements in the health of

CKD patients by clarifying the evidence at

present and promoting understanding of

unresolved problems.

2. Lifestyle modification, dietary counseling, and

medications

� For renal rehabilitation of CKD patients,

multifaceted lifestyle guidance including

nutritional management and psychosocial care

for improvement of health status is important in

addition to exercise therapy [13].

� For nutritional management of CKD patients,

control high energy (30–35 kcal/kg/day), low

protein (0.6–0.8 g/kg/day), and low salt (3–6 g/day)

diet is the basic recommendation, which may be

modified taking into account of the individual’s

health condition. For details, refer to the Dietary

Recommendations for Chronic Kidney Disease,

2014 (edited by the Japanese Society of

Nephrology, Tokyo Igakusha).

� With the increase in older patients, malnutrition

has emerged as a problem of CKD patients.

Appropriate dietary guidance with a dietician is

important for the prevention of malnutrition.

� Concerning lifestyle, see the Evidence-based

Clinical Practice Guidelines for CKD 2018

(Japanese Society of Nephrology) and Manual for

Lifestyle and Dietary Guidance for CKD for

Physicians and Co-medicals.

3. Positions of exercise therapy

� There used to be an opinion-based

recommendation for the restriction of physical

activity in patients with renal insufficiency;

however, many recent guidelines including those

by the Japanese Society of Nephrology, Kidney

Disease: Improving Global Outcomes (KDIGO),

and National Rehabilitation Association

emphasize comprehensive, favorable effects of

exercise therapy on the health status, such as

improvements in activity of daily living (ADL),

cardiovascular function, and psychosocial

conditions, and recommend moderate exercise

therapy for patients with stable CKD [14, 15].

� The Clinical Practice Guidelines for CKD 2009

published by the Japanese Society of Nephrology

recommended regular exercise as far as physical

conditions and comorbidities were tolerable,

because there had been no evidence that

moderate exercise without fatigue in CKD

patients (about 5 METs) should exacerbate

kidney function unless otherwise being stable.

� However, the revised version of the Clinical

Practice Guidelines for CKD 2013, which only

valued high-quality evidences, stated

conservatively, “Whether exercise affects the

progression of CKD is unclear.”

� On the other hand, the guidelines issued by the

American College of Sports Medicine (ACSM)

in 2014 recommended starting exercise

intervention in CKD patients with a mild to

moderate intensity, monitoring and titrating the

exercise intensity according to the patient’s

physical capacity (ACSM, Guidelines for Exercise

Testing and Prescription Ninth Edition).

� Thus, the clinical relevance of exercise therapy in

CKD patients has not been established and must

be updated through the accumulation of evidences.

� The practical, optimal intervention method of

exercise therapy for individual patients should be

discussed in the future.

� Building the instruction method and the self-

supporting system for sustainable exercise

intervention is also an important theme for the future.

CQ3 Is exercise therapy recommended for patients

with non-dialysis-dependent CKD?

[Recommendation]

Moderate exercise therapy is recommended for patients

with non-dialysis-dependent CKD in consideration of

their age and physical function. [2C]
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[Comments]

The effect of exercise therapy in patients with non-dia-

lysis-dependent CKD was evaluated from the viewpoints of

five outcomes: death, renal outcome, hospitalization,

exercise tolerance, and QOL.

We searched records of published literature related to

renal rehabilitation in PubMed and Japana Centra Revuo

Medicina using the corresponding search formulas

described below. After the initial search, 3582 records

were retrieved from PubMed, and 823 from Japana

Centra Revuo Medicina. We performed the primary

screening by title and abstract, leaving 186 and 54 papers

in PubMed and Japana Centra Revuo Medicina, res-

pectively. Then, the secondary screening was done by

overviewing the contents of the text, and 50 papers were

eventually selected for the further full-text evaluation.

1. Death

There was no RCT reporting death as a primary out-

come. Although four RCTs reported death as an adverse

event [16–19], the statistical analysis was not available

due to a limited observation period and an insufficient

number of subjects or events.

2. Renal outcome

Regarding the renal outcome, nine RCTs were analyzed

[20–28]; one paper evaluated the time to renal replace-

ment therapy or death as a primary endpoint [20], one

estimated the incidence rate of very-high-risk CKD based

on the heat map of the KDIGO 2013 classification [21],

and the others compared changes in eGFR [22–28]. In the

report that evaluated the hard outcome (a composite of

renal replacement therapy and death) [20], no significant

difference was observed; however, the results may not

have simply reflected the effect of exercise therapy,

because the outcome was investigated 20 or more years

after the therapeutic intervention. According to the study

that evaluated the prognostic risk on the heat map as a

surrogate marker [21], the therapeutic intervention signifi-

cantly reduced the risk of developing very-high-risk CKD

(odds ratio 0.69 [0.55–0.87]). But it remains unclear

whether similar results can be obtained by exercise

therapy alone, because the intervention was an intensive

lifestyle modification with a combination of constant

weight loss and increased physical activity. Besides, the

study subjects included some CKD patients, but the main

target was obese patients with type 2 diabetes. A careful

interpretation is required when we extrapolate these

findings to CKD patients.

In a meta-analysis of seven studies that compared

changes in eGFR [22–28], a significant improvement of

+ 2.22 ([0.68–3.76] mL/min/1.73 m2: I
2 = 18%) was

observed by the exercise intervention for 12–24 weeks

(Fig. 1). However, due to a limited number of the subjects

in the meta-analysis (81 treated subjects and 84 controls),

it is considered premature to conclude that exercise

therapy is effective, considering the difference in the

characteristics of the subjects and intervention methods.

Most studies included in this review were designed to

include diabetic, obese patients with mild renal insuffi-

ciency. There was one small-scale pilot study, in which

aerobic exercise therapy was administered three times a

week for 12 months to non-diabetic CKD patients at

stages G3–4 with progressive renal impairment [24],

reporting that the eGFR, which was once lower in the

exercise group at baseline, improved after intervention

and eventually became comparable to that in the control

group. The study demonstrated a significant eGFR

increase by 7.8 ± 3.0 mL/min/1.73 m2 (p = 0.02) at

12 months in the exercise group compared with the con-

trol group, suggesting possible improvement in renal

function by exercise therapy even in CKD patients with-

out diabetes or obesity. Validation in a large-scale study

is warranted.

3. Hospitalization

There was no paper reporting hospitalization as an

outcome. Thus, the evaluation for hospitalization was

unavailable in the current guideline.

4. Exercise tolerance

Fourteen RCTs [16–19, 23–25, 27, 28, 30–34] and two

prospective interventional studies [35, 36] were included

in the systematic review for the improvement in exercise

tolerance [29]. The intervention method varied from

paper to paper; resistance training in four studies [17,

18, 24, 34], intermittent exercise therapy in four studies

[19, 31, 33, 36], and aerobic exercise therapy or

low-intensity exercise therapy in the others. There were

two studies that included lifestyle modification in the

intervention arm [16, 34].

The VO2 peak was examined as an outcome in nine

RCTs [23, 24, 27, 28, 30–34], and improvements were

observed in most studies despite differences in the inter-

vention method. For the meta-analysis, we performed the

pairwise evaluation using the reported figures before and

after intervention in three studies [30, 32, 34]. In the

remaining six studies [23, 24, 27, 28, 31, 33], the values

after intervention were compared. By meta-analysis,

heterogeneity was observed, but a significant overall

improvement of + 3.23 [1.45–5.02] mL/kg/min (I2 = 67%)

was observed as a whole (Fig. 2). This suggests that exer-

cise therapy significantly improves the VO2 peak also in

CKD patients.
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There have also been five RCTs that evaluated the

6-min walking distance as an outcome [16, 19, 23, 27, 28],

one pair analysis according to the change between before

and after intervention [19], and four papers that compared

the value after intervention [16, 23, 27, 28]. As a re-

sult of meta-analysis, a significant improvement in the

walking distance of + 51.3 [22.2–80.4] m (I2 = 27%)

was obtained in the exercise group. This suggests that

exercise intervention significantly increases the 6-min

walking distance (Fig. 3).

All evidence concerning exercise tolerance had a small

sample size and varied in intervention method, but

improvements were observed in many reports, and the

results of meta-analysis are considered to guarantee some

degree of reliability. However, since the 6-min walking

distance is likely to be affected by the subjectivity of

Fig. 1 Forest plot of the effects of exercise intervention on changes in eGFR for non-dialysis-dependent CKD patients (reference [29])

Fig. 2 Forest plot of the effects of exercise intervention on changes in VO2 peak for non-dialysis-dependent CKD patients (reference [29])
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patients and does not have satisfactory reproducibility, it

has been reported not to be optimal as a test of exercise

tolerance, and validation using indices other than the

above 2 is considered necessary for the future.

Concerning the QOL, there have been three papers

using the SF-36 (including the RAND-36) as an eva-

luation index [19, 30, 33], one using the KDQOL [32],

and two using original indices for the evaluation.

Regarding physical function domains of the SF-36,

meta-analysis indicated significant improvements in

QOL in many domains related to fitness (Table 2).

Presently, there has not been a report of evaluation by

the stage of CKD, and whether the effects of exercise

therapy differ in stage 3–5 CKD is unknown.

As observed above, exercise therapy in predialysis

patients with CKD is suggested to improve or maintain

exercise tolerance and improve the QOL related to phy-

sical functions. However, there is presently no solid evi-

dence that exercise therapy improves the vital prognosis

or renal outcome.

In conclusion, there is no evidence that exercise

therapy improves the vital prognosis, renal prognosis, or

risk of hospitalization, but since it may improve or main-

tain exercise tolerance or the QOL related to physical

functions, its applicability should be evaluated individually

according to age and physical function, but we propose

that (aerobic) exercise tolerated by the patient be

performed (2C). Although the recommendation grade of

exercise therapy was 1D in the KDIGO Guideline 2012,

the evidence level was changed to C in the present guide-

line, because there has been no decisive report leading to

an important outcome despite an increase in evidence.

The recommendation grade was kept as 2, because obesity

is less frequent in Japanese CKD patients compared with

patients in Western countries, and the impact of weight

control by regular exercise is considered smaller.

Renal rehabilitation for patients on hemodialysis
Introduction

1. Objectives and expected effects

Dialysis therapy is a treatment for end-stage renal

disease presently applied to about 330,000 patients in

Japan. Dialysis therapy can be either hemodialysis or

peritoneal dialysis, but 97% of patients in Japan are

receiving hemodialysis. At the end of 2015, the mean age

of patients on dialysis was 67.9 years, and a prominent

Fig. 3 Forest plot of the effects of exercise intervention on changes in 6-min walking distance for non-dialysis-dependent CKD patients

(reference [29])

Table 2 Effects of exercise intervention on changes in quality of

life for non-dialysis-dependent CKD patients (meta-analysis)

SF-36 domains Mean changes
of the score

p value

Role physical + 23.8 [12.5~35.0] < 0.01

Physical functioning + 11.7 [5.3~18.0] < 0.01

Vitality (energy fatigue) +8.5 [3.2~13.9] < 0.01

General health + 4.4 [−0.3~9.1] 0.07

Bodily pain + 7.7 [1.1~26.1] 0.02

Mental health
(emotional well-being)

+ 4.7 [0.0~9.4] 0.05

Social functioning + 1.8 [−4.2~7.7] 0.56

Role emotional + 5.5 [−4.2~15.1] 0.27

SF36, the 36-item Short Form health Survey
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epidemiological characteristic of dialysis patients is an old

age [37]. With aging of dialysis patients, frail patients are

increasing. Frailty is not only related to a poor prognosis

but may also be related to a decline in physical activity

and exacerbation of the quality of life (QOL) [38, 39].

However, frailty is essentially a reversible condition and

may be reversed toward normal by appropriate interven-

tion. Improvements in the prognosis, exercise tolerance,

QOL, and ADL may be expected by preventing and con-

trolling the progression of frailty by renal rehabilitation.

2. Lifestyle modification, dietary counseling, and

medications

PEW, which is closely related to frailty, is a condition

in which malnutrition and wasting are observed simul-

taneously. Therefore, nutritional therapy as a treatment

for malnutrition plays an important role in the manage-

ment of PEW and frailty. Many observational studies

have shown that an increase in the normalized protein

catabolic rate (nPCR), which is an estimate of protein

intake, is correlated with not only high albumin level

and creatinine production rate, which are indices of

PEW, but also a better survival [40]. In addition, catabo-

lism may be suppressed, possibly leading to improvement

in nutrition and reversal of wasting, by maintaining the

energy intake [41]. Thus, nutritional therapy with securing

the protein intake and energy intake is indispensable for

patients showing malnutrition and wasting. The Dietary

Recommendations for Chronic Dialysis Patients published

by the Japanese Society for Dialysis Therapy 2014 also

recommend an energy intake of 30–35 kcal/kg and

protein intake of 0.9–1.2 g/kg [42]. However, a study

demonstrated that the physical function and QOL were

significantly improved in patients with PEW by a com-

bination of nutritional and exercise therapies compared

with nutritional therapy alone [43], thus nutritional and

exercise therapies are complementary to each other.

Securing of a sufficient dose of dialysis is also import-

ant. The results of post-hoc analysis of the HEMO study

[44], which evaluated the relationship between the dose

of dialysis and prognosis, and the Frequent Hemodialysis

Network trial [45], which evaluated the effect of daily

dialysis, showed associations of a sufficient dose of

dialysis with better physical composite scores of the SF-36

and RAND-36. Such favorable physical QOL scores may

have a benefit in rehabilitation. The Guidelines for

Maintenance Hemodialysis: Hemodialysis Prescriptions

by the Japanese Society of Dialysis Therapy recommend

an spKt/V of ≥ 1.4 concerning small-molecule com-

pounds and a β2-microglobulin level of < 30 mg/L to be

achieved [46].

In addition, the management of anemia is also impor-

tant. While these are the results of observational studies,

there has been a report that an increase in Hb due to

change in the type of ESA led to an improvement in the

vitality score of QOL [47] and a meta-analysis de-

monstrated that an improvement in Hb by ESA from

Hb < 10 g/dL to ≥ 10 g/dL was associated with a signifi-

cant alleviation of malaise [48]. Both of these improve-

ments in vitality and malaise may be beneficial for

conducting exercise therapy. The 2015 Japanese Society for

Dialysis Therapy: Guidelines for Renal Anemia in Chronic

Kidney Disease recommend Hb ≥ 10 g/dL and < 12 g/dL as

a target Hb level in hemodialysis patients [49].

3. Positions of exercise therapy

The physical activity level has been reported to be

reduced in dialysis patients, because dialysis patients

tend to have sedentary lifestyle on the day of dialysis

probably due to inactivity for the dialysis procedure and

the post-dialysis fatigue syndrome [50]. In consequence,

the physical function of elderly dialysis patients is

reportedly about half that of the general population [51].

Moreover, a possible relationship of exercise with a

favorable prognosis has also been suggested by an ob-

servational study [52]. On the basis of these reports,

maintenance of the physical activity level and exercise

therapy are attracting attention as measures to improve

or maintain the survival, physical functions, ADL, and

QOL. Among overseas reports, the Exercise & Sports

Science Australia issued a position statement concerning

exercise therapy for CKD patients describes specific

methods of exercise therapy for patients with end-stage

kidney disease both during dialysis and on non-dialysis

days [53]. The American College of Sports Medicine has

released guidelines for exercise testing and prescription

[54], and specific methods and cautions about exercise

therapy for dialysis patients are presented in the latest

edition. However, no guideline has evaluated the useful-

ness of exercise therapy. Therefore, we evaluated the

effectiveness of exercise therapy in dialysis patients.

CQ4 Is exercise therapy useful in dialysis patients?

[Recommendation]

Exercise therapy is recommended for hemodialysis

patients, because it has been suggested to improve exer-

cise tolerance, walking ability, and physical QOL [1B].

The effectiveness of exercise therapy for patients on

peritoneal dialysis remains to be discussed in the future

due to the limitation of evidence.

[Comments]

The survival, exercise tolerance, QOL, physical ability

(walking ability), physical function (muscle strength),

muscle mass, albumin, ADL, dialysis dose (Kt/V), and

C-reactive protein (CRP) were selected as outcomes.

For systematic review (SR), PubMed was searched for

the relevant literature using the search formulas shown
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elsewhere. Initially, 3391 articles were retrieved. Then,

through primary screening according to the title and

abstract and secondary screening according to the text,

41 RCTs are finally reviewed.

The meta-analysis of these RCTs concerning the

effects of exercise therapy during hemodialysis on various

outcomes demonstrated that significantly better results

were obtained in the exercise therapy group compared to

the control group in exercise tolerance [mean difference

(MD) in VO2: 5.25 L/min/kg, 95% confidence interval

(CI): 4.30–6.20 L/min/kg] (Fig. 4) [55–66], QOL (MD of

physical component summary: 7.39, 95% CI 2.26–12.51;

MD of mental component summary: 9.46, 95% CI 0.26–

18.65) (Fig. 5) [43, 64, 67–70], physical ability (MD of

6-min walking distance: 30.2 m, 95% CI 24.22–36.07 m)

(Fig. 6) [43, 69, 71–76], and Kt/V (MD 0.07, 95% CI 0.01–

0.14) (Fig. 7) [43, 66, 67, 71, 77–79]. However, no statisti-

cally significant difference was noted in muscle strength

[69, 70, 76–80], muscle mass [68, 71], albumin [43, 58, 71,

75, 77, 79, 81, 82], or CRP [43, 82, 83], while they were all

improved. In addition, the survival (number of patients

deceased during the study) was evaluated by post-hoc

analysis, but no significant difference was observed while

the risk difference (RD) (− 0.00, 95% CI − 0.02–0.01) and

point estimate were better in the exercise therapy group

(Fig. 8) [29, 43, 55–94].

Concerning the strength of evidence and recommen-

dation grade, the panel conference agreed to rate the

strength of evidence as moderate (B) and to strongly

recommend exercise therapy to be performed (1B) in con-

sideration of the presence of multiple RCTs, consistency

of the effects, and magnitude of the effects.

A previous meta-analysis of exercise therapy [95],

demonstrated that greater improvements were observed

in exercise tolerance (VO2) in clinical studies with an

intervention period of ≥ 6 months than in those with an

intervention period of < 6 months. Moreover, the same

meta-analysis showed that the improvement in exercise

tolerance was greater in clinical studies using both

aerobic exercise therapy and resistance training in com-

bination than aerobic exercise therapy alone. Also, there

was a report that the improvement in exercise tolerance

was greater by exercise therapy under supervision on

non-dialysis days compared with that during dialysis

despite a larger number of dropouts [96]. In conduc-

ting exercise therapy, the relationship between such

specific methods and effectiveness of exercise therapy

must be considered.

In the studies reviewed for the preparation of this

guideline, none evaluated peritoneal dialysis patients

alone, and only two included peritoneal dialysis patients

in the subjects [58, 74]. In most other studies, exercise

therapy was performed during dialysis in hemodialysis

patients. For the future, it is necessary to validate the

optimal method of exercise therapy for peritoneal dialysis

patients and its effectiveness. At any rate, the ultimate

objective of dialysis therapy is social rehabilitation, and

renal rehabilitation per se shares the goal. It is very

Fig. 4 Forest plot of the effects of exercise intervention on changes in VO2 peak for dialysis patients (reference [29])
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significant that the physical ability and QOL were

improved by exercise, which is a major component of

renal rehabilitation. In this respect, renal rehabilitation

plays a major role in achieving the goal of dialysis therapy.

Renal rehabilitation for renal transplant recipients
Introduction

1. Objectives and expected effects

Renal transplantation is a renal replacement therapy

along with dialysis therapy for end-stage kidney disease,

and, currently, about 15,000 renal transplant recipients

with functioning kidney grafts are estimated to be

present in Japan [97].

Since renal transplant recipients have less time restric-

tions than dialysis patients and suffer less from uremia,

renal transplantation is considered the optimal treat-

ment for social rehabilitation. Especially, preemptive

kidney transplantation (PEKT) without long-term dialysis

is recommended as advantageous not only for the preven-

tion of sarcopenia/frailty but also for improving the vital

prognosis [98] and QOL [99]. From these viewpoints, also,

renal transplantation may be the utmost means for renal

rehabilitation.

Fig. 5 Forest plot of the effects of exercise intervention on changes in quality of life for dialysis patients (reference [29])

Fig. 6 Forest plot of the effects of exercise intervention on changes in 6-min walking distance for dialysis patients (reference [29])
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Concerns important for renal transplant recipients

include whether the grafted kidney functions for a long

time, whether there is the risk of cardiovascular disease

or cancer, and whether transplantation results in QOL

and exercise tolerance comparable to those of non-CKD

patients.

In Japan, about 1600 cases of renal transplantation are

carried out annually, and most of them (1400 cases) are

living donor renal transplants, with the remaining (less

than 200) being deceased donor renal transplants from

brain-dead or non-heart-beating individuals [97]. Many

of the renal transplant recipients are younger patients

with end-stage kidney disease with fewer complications,

but renal transplants in aged patients have increased

recently due to improvements in renal transplant therapy.

Moreover, the mean survival time of kidney grafts has

been prolonged due to the development of immuno-

suppressants, and recipients themselves are also aging. In

such circumstances, renal transplant recipients aged

60 years or above are increasing, and problems such as

Fig. 7 Forest plot of the effects of exercise intervention on changes in Kt/V for dialysis patients (reference [29])

Fig. 8 Forest plot of the effects of exercise intervention on mortality for dialysis patients (reference [29])
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frailty, sarcopenia, and low physical activity after renal

transplantation have emerged.

Renal rehabilitation in renal transplant recipients was

evaluated by assuming that its objectives and expected

effects are maintenance of exercise tolerance and im-

provement of the QOL via the prevention of frailty/sar-

copenia after renal transplantation and the prevention of

cardiovascular disease as well as social rehabilitation via

the long-term preservation of the graft function and pre-

vention of lifestyle-related disease.

2. Lifestyle modification, dietary counseling, and

medications

Renal transplant recipients are orally administered 2–3

immunosuppressants including corticosteroid as long as

the kidney graft is functioning. A characteristic of renal

transplant recipients is that they become more prone to

lifestyle-related diseases such as hypertension, diabetes,

and hyperlipidemia due to adverse effects of these im-

munosuppressants. In addition, they are known to be-

come likely to develop posttransplant metabolic

syndrome as they gain weight due to relief from uremia

and mitigation of dietary restrictions after renal trans-

plantation [100]. Since posttransplant metabolic syn-

drome is a risk factor for chronic renal graft dysfunction

and cardiovascular disease [101], it is considered best to

improve the lifestyle by dietary and exercise therapies.

According to the Clinical Guideline for Medical and

Pediatric Complications after Kidney Transplantation

2011 (edited by Japanese Society for Clinical Renal

Transplantation, Nihon-Igakukan) [102], it is important

first to avoid excessive body weight gain/obesity among

points of attention in lifestyle. Specifically, the body

weight gain should be controlled within about 5% of the

body weight before transplantation, targeting a body

mass index (BMI) of ≤ 25 kg/m2. Of course, it is also im-

portant not to forget taking immunosuppressants and to

continue cessation of smoking after transplantation.

As for dietary therapy, there is no strict control of pro-

tein, potassium, or phosphorus intake in many patients

retaining the renal graft function, and dietary restrictions

are relatively mild compared with those of dialysis

patients. However, as the renal function of many trans-

plant recipients falls in the range of CKD (eGFR: about

40–50 mL/min/1.73 m2), a well-balanced diet and some

restriction of salt intake must be maintained.

On the other hand, in older recipients who are already

frail or at a high risk of frailty, since renal failure and

corticosteroid can be risk factors for muscle atrophy/

weakness, obesity is often concurrent with sarcopenia.

Furthermore, in older people, it is necessary to note that

a sufficient energy intake is often difficult to maintain if

strict restriction of protein and salt intake similar to that

for CKD is imposed and that it may induce exacerbation

of sarcopenia and frailty. It is important to evaluate

appropriate dietary therapy while assessing the current

physical abilities of each recipient. In addition, frailty/

sarcopenia cannot be cured by dietary intake alone. Its

combination with exercise therapy is important to allow

the ingested nutrients to be catabolized and become a

source of energy and muscle. This will be explained in

the next section.

3. Positions of exercise therapy

Renal transplant recipients often show higher physical

activities than patients who have received other renal

replacement therapies, and many of them voluntarily

take up exercise therapy. Since they have less restriction

of time than dialysis patients, they are in a situation

more favorable for exercise therapy. However, many of

them must continue oral administration of corticos-

teroid, and they still have the problem of increased risk

of osteoporosis and fracture [103].

Because of the recent aging of renal transplant reci-

pients, many questions including the results of renal

transplantation in low activity/frail patients with renal

failure and whether exercise therapy after renal transplant-

ation is beneficial to them have remained unanswered.

Exercise therapy for renal transplant recipients was not

described in detail in the Clinical Guideline for Medical

and Pediatric Complications after Kidney Transplantation,

2011 [102] or KDIGO Clinical Practice Guideline for the

Care of Kidney Transplant Recipient 2009 [104]. In

addition, while the exercise protocol for renal transplant

recipients is considered to be similar to that for CKD

patients, questions such as whether aerobic exercise, re-

sistance training, or their combination is recommendable

have not been elucidated.

To solve these problems with exercise therapy after

renal transplantation, the present guideline evaluated two

themes: “Does frailty/low physical activity affect the prog-

nosis of renal transplant recipients?” and “Can exercise

therapy be recommended for renal transplant recipients?”

CQ5 Does frailty/low physical activity affects the

prognosis of renal transplant recipients?

[Recommendation]

There is very weak evidence that frailty/low physical

activity affects the prognosis of renal transplant reci-

pients. [No recommendation grade]

[Comments]

A recommendation was prepared by the following pro-

cedure about the CQ, “Does frailty/low physical activity

affect the prognosis of renal transplant recipients?”

To draft the recommendation, exhaustive literature

search was carried out in PubMed and Japana Centra

Revuo Medicina using the search formulas described
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below on June 21, 2017. By this search, 625 papers were

retrieved from PubMed, and 56 papers from Japana

Centra Revuo Medicina, and primary screening was per-

formed, resulting in exclusion of 660 papers. Secondary

screening was made concerning the remaining 21

papers, and, after exclusion of 13 papers, eight papers

were extracted for the preparation of recommendation.

For drafting the recommendation, four factors were

evaluated as harmful outcomes: vital prognosis (mor-

tality rate), hospitalization (readmission), duration of

hospital stays, and QOL.

The vital prognosis (mortality rate) was evaluated

using the papers by Zelle et al. 2011 [105], Rosas et al.

2012 [106], McAdams-DeMarco et al. 2015 [107], and

McAdams-DeMarco et al. 2017 [108]. The mortality rate

in the frail/low physical activity group was 24.4% (5.6%

in the control group) [105], 36.3% (16.3% in the control

group) [106], 22.5% (8.5% in the control group) [107],

and was higher than in the control group in all reports.

The effect of frailty/low physical activity on mortality in

the non-frail group in terms of HR compared with the

frail group was 0.52 [0.31–0.87] [107], and that in terms

of the risk ratio (RR) in the inactive group compared

with the active group was 2.17 [1.01–4.65] [107]. As a

result of qualitative systematic review, the vital prognosis

was generally poorer in frail/low physical activity renal

transplant recipients, but the results could not be

integrated because of the difference in statistical index

of effectiveness among the papers. These results suggest

the possibility that frailty/low physical activity adversely

affects the vital prognosis of renal transplant recipients.

Hospitalization (readmission) was evaluated using the

papers by McAdams-DeMarco, 2013 and Lorenz et al.,

2017 [109, 110]. The readmission rate in the frail/low

physical activity group was 45.8% (28% in the control

group) and 40% (10.5% in the control group), and was

higher in the frail/low physical activity group in both

reports [109, 110]. The effect of frailty/low physical activ-

ity on readmission in terms of adjusted RR was 1.61

[1.18–2.19] and that in terms of OR was 4.68 [1.63–

13.45]. As a result of qualitative SR, the readmission rate

was generally higher in frail/low physical activity renal

transplant recipients, but the results could not be inte-

grated because of the difference in statistical index of ef-

fectiveness between the papers. These results suggest the

possibility that frailty/low physical activity adversely affects

the readmission rate of renal transplant recipients.

The duration of hospital stays was evaluated using the

papers by McAdams-DeMarco et al., 2016 and Lorenz et

al., 2017 [109, 111]. The effect of frailty/low physical

activity on readmission in terms of OR was 1.14

[1.05–1.28] and 3.44 [1.23–10.02]. As a result of qualita-

tive SR, the length of stay was generally longer in frail/in-

active renal transplant recipients, but the results could not

be integrated because of the difference in the statistical

index of effectiveness between the papers. These results

suggest the possibility that frailty/low physical activity

adversely affects the length of stay of renal transplant

recipients.

The QOL was evaluated using the papers by Raymond

et al. 2016 and Lorenz et al. 2017 [109, 112]. As a result of

qualitative SR, the QOL was generally lower in frail/in-

active renal transplant recipients, but the results could not

be integrated because of the difference in statistical index

of the effectiveness between the papers. These results

suggest the possibility that frailty/low physical activity

adversely affects the QOL of renal transplant recipients.

On the basis of these results of SR, it may be con-

cluded that frailty/low physical activity may adversely

affects the vital prognosis, hospitalization, length of stay,

and QOL of renal transplant recipients but that the

evidence as a whole is weak. Based on these results, a

panel including third-party members adopted the recom-

mendation, “There is very weak evidence that frailty/low

physical activity at transplantation affects the prognosis of

renal transplant recipients.” for the CQ, “Does frailty/low

physical activity affect the prognosis of renal transplant

recipients?” (no recommendation level).

However, the discussion was made on the assumption

that patients with indication for renal transplantation

are those who are expected to have a reasonable vital

prognosis and in a relatively good physical condition

that tolerates general anesthesia among patients with

end-stage kidney disease. The results of the present SR

suggest the possibility that the prognosis is poorer in

frail/inactive renal transplant recipients than in those

with no frailty/low physical activity, but it has been

reported that the prognosis including vital prognosis of

renal transplantation is overwhelmingly better than that

of dialysis therapy regardless of the presence or absence

Fig. 9 Forest plot of the effects of exercise intervention on changes in eGFR for transplant patients (reference [115])
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of frailty/low physical activity. It should be noted that

the results of the present SR do not recommend exclusion

of renal transplantation as a treatment for frail/inactive

renal failure patients.

CQ6 Can exercise therapy be recommended to renal

transplant recipients?

[Recommendation]

Exercise therapy is proposed to be implemented for

renal transplant recipients. [2C]

[Comments]

Recommendation was prepared concerning the CQ,

“Can exercise therapy be recommended to renal trans-

plant recipients?” by the following procedure.

To draft the recommendation, exhaustive literature

search was performed through PubMed and Japane

Centra Revuo Medicina on April 4, 2017, using the

search formulas described below. As a result of this

search, 1214 papers could be retrieved from PubMed,

and 89 papers from the Japana Centra Revuo Medicina,

and primary screening was performed, excluding 1270

papers. Secondary screening was performed concerning

the remaining 33 papers, and 23 papers were excluded.

As a result, ten papers were selected to be reviewed for

the preparation of the present recommendation.

To adopt the recommendation, three outcomes, i.e.,

renal allograft function (eGFR), exercise tolerance (VO2

peak), and QOL, were evaluated, and meta-analysis was

performed using the reports of six RCTs in which these

outcomes were evaluated. In principle, mean values of

differences between the pre- and post-intervention

values and post-intervention standard deviation (SD)

were adopted.

All these studies were RCTs, but as exercise therapy

cannot be performed blindly, no measures to unblind

the subjects were taken, although random allocation was

made. In addition, there were disagreements among the

studies in the method or intensity of exercise therapy

and time or method of evaluation. Since the exercise

therapy consisted primarily of resistance training, the

results of resistance training were analyzed as a standard,

and papers concerning aerobic exercise therapy alone

were negatively rated regarding the indirectness.

The renal allograft function (eGFR) was evaluated using

the papers by Tzvetanov et al. 2014, and Greenwood et al.

2015 [113, 114]. The strength of the evidence as a whole

was rated as weak (C), because there were marked bias

risk, moderate inconsistency, moderate imprecision, and

moderate indirectness. As a result of quantitative eva-

luation of 44 patients in two papers, the integrated value

was 6.22 [− 13.00–25.44] mL/min/1.73 m2, p = 0.53, and

no reporting bias was observed. These results indicate that

significant improvements are not always obtained by

exercise therapy in renal transplant recipients in terms of

the renal graft function (eGFR) (Fig. 9).

Exercise tolerance (VO2 peak) was evaluated using the

papers by Painter et al. 2002, Kouidi et al. 2013, Riess et

al. 2014, and Greenwood et al. 2015 [114, 116–118]. The

evidence as a whole was judged to have marked bias

risk, moderate imprecision, and moderate indirectness.

On the whole, the strength of evidence was rated as

moderate (B). As a result of quantitative evaluation of

182 patients in four papers, the integrated value was

2.42 [0.22–4.63] mL/kg/min, p = 0.03, and no reporting

bias was observed. These results indicate that exercise

therapy significantly improves exercise tolerance (VO2

peak) in renal transplant recipients (Fig. 10).

The QOL was evaluated using the papers by Greenwood

et al. 2015, Riesse et al. 2014, Painter et al. 2002, and

Fig. 10 Forest plot of the effects of exercise intervention on changes in VO2 peak for transplant patients (reference [115])

Fig. 11 Forest plot of the effects of exercise intervention on changes in quality of life for transplant patients (reference [115])
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Karelis et al. 2016 [114, 116, 118, 119]. The outcome index

was the SF-36 in some reports and the well-being score in

others, but analysis was performed by integrating them.

The evidence as a whole was judged to have marked bias

risk, moderate imprecision, and moderate indirectness.

Negative rating was not made concerning inconsistency,

because the effect estimates were in the same direction.

On the whole, the strength of evidence was rated as mod-

erate (B). As a result of quantitative evaluation of 179 pa-

tients in four reports, the integrated value of the scores

was 7.23 [0.94–13.52], p = 0.02, and no reporting bias was

observed. These results indicate that exercise therapy sig-

nificantly improves the QOL of renal transplant recipients

(Fig. 11).

As a result of these SRs, it was concluded that exercise

therapy significantly improves exercise tolerance (VO2

peak) and QOL of renal transplant recipients but that it

does not always significantly improve the renal allograft

function (eGFR). Based on these results, the panel in-

cluding third-party members adopted the recommen-

dation, “Exercise therapy is proposed to be implemented

for renal transplant recipients.” concerning the CQ, “Can

exercise therapy be recommended to renal transplant re-

cipients?” In addition, the present analysis was concerned

primarily with intervention by resistance training, but

there were also RCTs using aerobic exercise therapy alone

or a combination of aerobic exercise therapy and re-

sistance training. Therefore, the recommendation stopped

short of addressing the contents, intensity, or period of

exercise therapy and referred to exercise therapy in

general. At the same time, it should be noted that the

evaluation of the risk involved in exercise therapy is in-

sufficient. The precise results of these SRs are shown in

our report [115].
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