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Abstract

Background and objective There is uncertainty about the beneficial effects of exercise intervention for kidney transplant
recipients. The purpose of our meta-analysis is to estimate the efficacy of exercise intervention in kidney transplant recipients.
Methods A database search according to the PICOS framework was performed for all published randomized, double-blind,
placebo-controlled trials (RCTs) about exercise intervention for kidney transplant recipients. The databases involved include
PubMed, Embase, and Cochrane Library.

Results A total of 16 RCTs (involving 827 patients) in compliance with inclusion criteria were included in our study. The
results demonstrated that adequate exercise intervention improved statistically in creatinine clearance [mean difference
(MD)= —-0.29, 95% confidence interval (CI) —0.46 to —0.11, p=0.001], serum urea (MD =—-21.57, 95% CI —35.84 to
—17.29, p=0.003), VO, peak (MD =3.20, 95% CI 1.97—4.43, p <0.00001), high-density lipoprotein-cholesterol (HDL-C)
(MD=0.21, 95% CI 0.04-0.37, p=0.01), 60-s sit to stand test (60-STS) (MD =14.47, 95% CI 8.89-20.04, p<0.00001),
6-min walk distance (6-MWD) (MD =91.87, 95% CI 38.34-145.39, p=0.0008), and 6-min walk test (6-MWT) (MD =44.08,
95% CI 20.30-67.87, p=0.0003) of patients after kidney transplantation. No between-groups differences (p > 0.05) were
observed for anthropometric characteristics, body composition, serum cytokine levels, and quality of life short form-36
questionnaire (SF-36).

Conclusions In kidney transplant recipients, appropriate exercise intervention improved renal function, cardiopulmonary
function, physical performance.

Trial registration The PROSPERO registration number is CRD42022357574.

Keywords Meta-analysis - Exercise intervention - Kidney transplant - Renal function - Randomized controlled trial (RCT)
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6-MWD 6-Minute walk distance
6-MWT 6-Minute walk test
CVDS Cardiovascular disease

Introduction

Kidney transplantation is currently the most desired treat-
ment option for patients suffering from end-stage renal
disease (ESRD). Compared with other treatments, kid-
ney transplantation has some advantages in improving
survival and quality of life [1, 2]. Despite this, patients
generally experience multiorgan dysfunction following
the procedure, after allograft transplantation. In addition,
patients after kidney transplantation often require lifelong
immunosuppressants to prevent graft rejection. These
immunosuppressive drugs often result in adverse events
such as muscle weakness, osteoporosis, and cardiovascu-
lar disease [3, 4]. Therefore, postoperative management
of kidney transplantation plays a crucial role after renal
transplantation.

In recent years, with the promotion of the enhanced
recovery after surgery (ERAS) concept, the effect of
appropriate exercise intervention for postoperative patients
has gradually begun to receive attention. Exercise is rec-
ognized as an effective non-pharmacological intervention
that is generally categorized as aerobic, anaerobic, and
flexibility exercises. The health benefits of exercise have
been demonstrated in healthy people and people with
chronic diseases [5]. Related studies have also shown that
exercise interventions are effective in patients with solid

organ transplants, including heart, kidney, lung, and liver
transplants [6]. Although exercise interventions are con-
sidered beneficial, routine exercise intervention programs
for renal transplant recipients are not used as part of stand-
ard clinical care. Besides, the evidence on the impact of
exercise intervention on kidney transplant recipients is
limited. The few available studies have only focused on
the effects of exercise intervention on several aspects of
exercise tolerance, cardiorespiratory fitness, and quality
of life in kidney transplant recipients [7-9].

This systematic review and meta-analysis aimed to
compare the changes of the exercise intervention group
and control group, to fully assess the effects of an exercise
intervention on kidney transplant recipients.

Methods
Search strategy

We searched the PubMed, Embase, and Cochrane Library
databases using kidney transplantation, exercise training,
and randomized controlled trials as keywords. Depend-
ing on PICOS (populations, interventions, comparators,
outcomes, and study designs) strategy, four authors inde-
pendently conducted the searches. Table 1 shows the
search strategy. This meta-analysis has been registered
on PROSPERO with the number CRD42022357574.
PRISMA 2020 checklist is shown in the supplementary
material.

Table 1 Search strategy according to populations, interventions, comparators, outcomes, and study designs (PICOS)

Population

Intervention

Comparator Outcomes Study design

Inclusion criteria  Patients with living donor kidney
transplantation

Exclusion criteria Patients with any other organ trans-

plant besides kidney

Patients with any cardiac/pulmonary
disease that contraindicated physical
activity

Patients with transplant rejection
and lack of availability for regular
follow-up

Exercise training Standard care

Not performed

Anthropometry ~ Randomized controlled trials

Body composi-
tion

Renal function

Cardiorespiratory
function

Blood parameters

Serum cytokine
levels

Physical perfor-
mance

36-Item Short
Form Survey

Not performed PROMIS Global
Health short
form

Physical compos-
ite scale

Mental compos-
ite scale

Letters, comments, reviews,
qualitative studies
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Inclusion criteria

The RCTs included in this study were required to fulfill all
of the following inclusion criteria: (1) the study analyzed the
effect of exercise intervention for kidney transplant recipi-
ents was analyzed; (2) the study contained valued data that
could be analyzed and related outcome index; (3) full-text
content was accessible; (4) the study was an RCT. The popu-
lation inclusion criteria for RCTs were more stringent than
other prospective and retrospective studies.

Quality assessment

Studies were categorized according to the Cochrane Risk
of Bias Tool for Randomized Trials [10], version 2 (RoB2),
recommended by the Cochrane Handbook for the Systematic
Evaluation of Interventions [11], version 6.2. According to
RoB2, we categorized studies into three levels: low risk of
bias, moderate risk of bias, and high risk of bias.

Data extraction

From each included RCT, the following information was
extracted: (I) the name of the first author; (II) the time of
publication and the type of design; (IIT) the sample size of
each group; (IV) the methods of exercise intervention; (V)
the time of intervention; (VI) the outcomes of study: anthro-
pometric characteristics, body composition, renal func-
tion, cardiorespiratory function, blood parameters, serum
cytokine levels, physical performance and quality of life.

Statistical and meta-analysis

Data were analyzed using Review Manager software (Rev-
Man, version 5.3.0, Cochrane Collaboration) [12]. This study
adopted mean difference (MD) for assessing continuous data
and adopted odds ratios (ORs) with 95% confidence intervals
(CIs) for assessing dichotomous data. We considered studies
with p values >0.05 as homogeneous and conducted the anal-
ysis using a fixed-effects model. Conversely, we employed a
random-effects for analyzing heterogeneous studies. The pre-
sent study checked for inconsistency through I” statistics. The
value of p<0.05 was deemed to be statistically significant.

Results
Characteristics of eligible studies
195 articles met the above inclusion criteria and were

retrieved from the database. After screening the titles and
abstracts, 163 articles were excluded. We reviewed the

remaining articles. Among them, 12 studies were removed
due to they were not RCTs. Then, 4 studies were eliminated
because they missed key information. In the end, 16 RCTs
[7-9, 13-25] were included in the final analyses. The flow-
chart of the selection process is shown in Fig. 1. The details
of the included studies are given in Table 2.

Quality of eligible studies

The studies included in our meta-analysis were all RCTs. All
studies performed a sample size calculation. Eleven of these
RCTs were graded A for quality. Only one study reported an
intention-to-treat analysis [13]. No patients were lost during
follow-up in the ten studies [7, 8, 13, 15-17, 19, 21, 22, 24].
The quality of included studies is shown in Table 3.

Efficacy

We studied the effects of exercise intervention on measure-
ment parameters in kidney transplant patients. Patients in
the control group received standard treatment for the same
length of time.

Anthropometric characteristics

Body mass index (BMI) Seven RCTs involving 393 patients
compared the differences between the two groups after the
intervention in terms of BMI (Supplementary Fig. 1A).
Because of p>0.05, we conducted a fixed-effects model
for the study. The results showed no statistical difference in
BMI between the two groups after the intervention treatment
(MD: 0.12, 95% CI —0.72 to 0.96, Chi*=3.40, p=0.78).

Waist circumference Three RCTs reported the changes
between the two groups of patients after the intervention
in terms of waist circumference (Supplementary Fig. 1B).
Since p>0.05, a fixed-effects model was used to analyze
group differences. The model indicated that the MD was
1.50, the 95% CI was — 3.74 to 6.74, the 1> was 25%, and the
Chi® value was 2.67 (p=0.58). We suggested that the exer-
cise intervention and control groups were similar in terms of
the waist circumference of patients.

Hip circumference Two RCTs analyzed the changes in the
hip circumference of 32 patients after the intervention (Sup-
plementary Fig. 1C). A fixed-effects model was used to
assess changes between the two groups, which showed an
MD of —1.19 (95% CI —6.10-3.72, p=0.63). There was
no significant difference between the two groups concerning
hip circumference.
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Fig. 1 Flowchart of the study . . . . .
selection process. RCT, rand- 195 articles were identified including:
omized controlled trials PubMed:69 articles
MEDLINE:51 articles
EMBASE:46 articles
Cochrane Controlled Trials Register: 26 articles

163 articles were excluded on basis of title

and abstract

32 articles were included

12 articles were not RCTs

20 articles were included

4 RCTs were lack of useful data

kidney transplant recipients

16 RCTs included in final analysis which
evaluated efficacy of exercise training in

Body composition

Bone mineral density (BMD) Because of p>0.05, we
employed a fixed-effects model to compare the BMD
between the exercise intervention and control groups from
two RCTs (Supplementary Fig. 2A). The pooled estimate of
MD was —0.02, 95% CI was —0.07 to 0.03, I* was 45%, and
Chi® was 1.80 (p=0.45). The results showed that the exer-
cise intervention and control groups were similar regarding
BMD.

Lean body mass (LBM) Three RCTs analyzed the differ-
ences between the two groups after the intervention in terms
of LBM (Supplementary Fig. 2B). Due to p>0.05, we
conducted a fixed-effects model for the study. The results
showed no statistical difference in LBM between the two
groups after the intervention treatment (MD: 1.21, 95% CI
—2.35t04.78, Chi®?=5.45, p=0.50).

@ Springer

Renal function

Creatinine Six RCTs involving 317 patients reported the
changes between the two groups of patients after the inter-
vention in terms of creatinine (Fig. 2A). Since p=0.05, a
fixed-effects model was used to analyze group differences.
The model revealed that the MD was —0.29, the 95% CI
was —0.46 to —0.11, the 1> was 54%, and the Chi? value was
10.90 (p=0.001). We concluded that creatinine was greatly
improved in the exercise intervention group than in the con-
trol group.

Urea Two RCTs analyzed the changes in the area of 28
patients after the intervention (15 in the exercise interven-
tion group and 13 in the control group) (Fig. 2B). We per-
formed a fixed-effects model to analyze differences between
groups, due to p>0.05. The model revealed that the MD
was —21.57, the 95% CI was —35.84 to —7.29, the I* was



3453

World Journal of Urology (2023) 41:3449-3469

((oom 12d 9s1019%0 paIn)
-onxns jo y g >) K1ejuapas
pue (Kep 1od syuuip g >)
SIQWNSUOD [OYOI[. eI
-pou 0} MO ‘SISYOWSUOU
¢Apnjs 9y) ur uorsn[our 9y}
910J9q S)om § 01 9 )]
JOuop pajeoIun SUIAT] 10
Ppare[ar SurAl ‘OLIoABPED
¢(yruaty 93e 1oddn ou) o3e
JO STBOA Q7 ISBI[ JE JO oW
pue uswom ‘syuanedino
K1oje[nquue :eLIo)LId Ut
-MO[[0J 9} Jowr Kay) J1
Apmis oy ur papnjour
QoM SjuAnEd TBONUOIN
ur [eydsoy s, owre( 9NoN
Jo oo Juedsuen oy e
sjuounjutodde dn-mofjoy
oy) Surmp syuaned 47 jo
[210) B PO)INIOAL ApN)s oy,
JuQUIBaI) I0/pUE
sjuowraInseaw pasodoxd
9y} Surwroyrad o3 suon
-BOIPUIEIIUOD AU IO ‘Yeap
aaneradoenur ‘uorjeradoar
Iun 2Ied JAISUUI YY) pue
UONR[IIUSA [EOTUBYOIW UT
juads Y ¢ uey) 193U0] Bl
-9)LIO SUIMOT[O] 2} Jursn
POpN[OXa dIoM Sjuaned

"Apnys SIy) Ul popn[our a1om

[endsoy Arenio} e ur uon

-pjuedsuen Aoupry Jouop

SuIAl[ 10§ paptwpe (p[o
s1eak g1 <) syuanjed Jnpy

sdn-y1s (1) pue suors

-u9)x? sdaorn (9) ¢S[NO wLIe
(g) ¢ssaxd 1op[noys (4) ‘sumop
[nd rexayey (¢) ‘ssaid 3soyd
() ¢ssaxd 39 (1) :S9S10I9X9
SUIMOT[O] 9} JO PIISISUOD
werdoxd [ oy, ‘uorssargoid
rewndo 10§ paojruow A[fen
-PIAIPUT SBAM UOISSIS 9STOIOX
{oey Ut O 1o0j [[rupean

' U0 Sunyfem AISuauI-mog
Jo dn-wirem e y)Im UOISS9S
Sururen yoea pajae)s weigoid
LY eydsoy-ur uru-o9

0} -G{ YL, "JooMm B Sow) ¢
‘sy9om g 10§ pauren dnoi3

H 9y} 0] paudIsse sjuaned

doys

wo Gz & Jursn sasmoIaxa dos
Jo suonnadar oAy pouriojrod
(¢) pue 2oueIo[0] s Juened
9y 0] Surp1odoe paads pue
K)ISuQ)UI UT 9SBAIOUT Uk pade
-Imoou? oym JsiderayporsAyd
e Aq pajsisse (sdef anoy)
JOPLIIOD W-()¢ © UI pay[em
() ‘uonisod pajeas e ur squirf
1oddn oy Jo uoneA9ld PIM
PAIBIDOSSE SISIOTIXA FuIyjeaiq
Jo suonnadar O] Jo $19s

Qa1y) powraojrad (T) sjuened

(8) v'6€

woD (1) €S XA 01 uoD ‘01 :xg LOod
(ro1 9°6¢

0D H(T'6) 0°LE XA €€ U0D ‘0€ XH 1od

uone[ndod uorsn[ou] UONUSAINUI JO QWIL],

UOTJUAIOIUT OSTOIOXF

s1eak (S) o5e uesy

az1s opdureg ugsoq

epeue) [1] T8 10 starey]
[zelg [€1] T 19 21y0uQ
Anuno) Apmgs

sonsu)oeIRyd Juoned pue Apni§ g a|qel

pringer

a's



World Journal of Urology (2023) 41:3449-3469

3454

9SIOIOXD
pue $159] 9y} JO 9oUBW
-10312d 2y3 JopuIy JBY)
swoqold o[osnw (e[S
J0 (111) ‘uorsualradAy
pa[jonuodun (I1) <aseasip
Je[NOSBAOIPIBD AIJAJS (1)
1SuUONIPUOd 3UIMO[[0F oY}
Jo 210w 10 QU0 pIjuasald
A9y} J1 popn[oXa dIom
s30alqng Jururen oue
-1SISAI Ul 2ouaLIadxs ou
(1r) “sreak QT < pase (1r)
Suerdsuery Aoupry oy
ours 18k T + (1) ‘BLIILIO
Surmoroy oY) Jowr Aoy} Jr
Apnjs 9y} ur uoIsn[ouI 10§
9[q131[0 21om sjuedronied
"210T 12queo9( Ul papud
JUSWIINIOAI AY) PUB ‘€[0T
19quadd(J pue Z10T
Arenuel usamieq 1O

SIY) pa1oNpuod Apnis Ay,

syoam Q]

JyStom Apoq umo 1oy
Surkired syenbs jo suonnedar
UM 1S9 S-0¢ YIIM SUONID

-dax (o JO $O1I9S 7 pue ‘Jem
9y uo jroddns puey yim
sjenbs jo suonnadar uryiim
381 s-¢ Y suonnadar 01
JO s39s g ‘urt / 10j Apuad
Sunjfem Jo SunsSISUOD UONIIS
dn-wrem e popnjour pue

uIw ()9 PUNOIe PA)SE[ UOISSIS
9S1019X? YorH 'SABPYoIM AT
-NO9SU0I-UOU UO YoM/SUOTS
-S9S 7 POpN[OUl pue Syoam (]

paise] weaSoxd as1o19%9 Y,

(90D 98

0D X(9°6) L'6v xd

[s11

‘[€ 19 ZaYouERS ZOPUBUISH

uornendod uorsnyouy

UOTJUAIOIUI JO QI

UOTJUAIOIUT OSTOIIXF

s1eak (S) o5e uBsy

Apmgs

(ponunuoo) zsjqey



3455

World Journal of Urology (2023) 41:3449-3469

W)SAS SNOAIU SnOW
-ouojne AJIpoul 0} UMOUY
Qr1om Jey) s3nip 3ursn jou

QI19M A1) JOAOQIOW pUB
“Ip/Sw §'1 > [2A9] SUIUNE
-0I0 WINIOS YIIM J[qR)IS SEM
uopnouny juejdsuen oy}
pue Asnoraaid 1eak e jse9[
je Jue[dsuen I1oy) POAISJI
pey ‘sIajows-uou pue A1e}
-UQpas oIom ‘sIedk ()9 pue
81 U2am)aq pagde arom Aoy

J1 papn[oul d1om sjuaned

Sururen Jo Sur

-159) 9SI019X2 JIWI[ P[NOM

Jet) UOIIPUOD JAY)0 AUk 10

‘smyIf[ow sa3aqeIp | 2dAy

‘(84 wwx 0] 1 <omssaxd

POo[q d1[0ISEIp (10) pue SH

ww ()8 ] <anssaid pooiq

o11038AS) uoIsuaadAy

PI[OUOOUN QIOM BLIOILID

uoIsn[oxX4g ‘uonsefar

JO 92UDPIAD [BIIUI]D 1O

Ksdorq ou yyim A1a31ns

-1sod syjuowr 9 < pue

a3k Jo s1eak g1 < orom

800C 1290150 pue

9007 dunf usaMmIaq

orurp)) juerdsuely, eudy

©1I9q[V JO ANSIoATU() O}
WOl PAYNIdAI s3199[qng

soposnw
[eUTWOPQE pUB AJWAIXI
I1omo[ pue Joddn 10§ S9SIOIOX
Suruoy)Suans jo urw O g—Q|
Kq pamorjoj weidoid as1010%9
51qoIoe Ul ()p—(¢ © JO
PAISISUOD dunnox Sururen
urew yoeyq ‘SIsIOIAX uon
-exe[aI pue Juryieaiq yim
potrad umop-[00d utw-(| &
s paysiuy pue dn-uwirem
urw-()] € yirm pajes uors
-$9S 9SIOIOXA YOBH "SUOISSIS
Appoom urwr ()g—()9 Inoj jo
Sumnsisuod w3 redorunw e
ur werdord Jururer) 9S1019X
qjuow-9 & pamoyoj dnoi3

syjuowr 9 9ST010X? a3 Jo syuaned oy,
suonnadar G1—1
JO 8198 T 10J INYT %06 1®
powrojiad sem Sururen
yI3uans AJTwenx9 19Mo
‘porrad Apmis 2y) Inoysnoy)
9reds 0z—9 S1og oy) uo
€1—11 Jo o3uel © UdIM)q
sem AJISUQIUT 9SIOIIXD A1)
ey} painsud uorssardoid
siyL COA JO %09 S sem
JH 119Y) J1 10 (3[eds 07—9)
1 > JO 21095 o[eds S10g ©
pavrodar s3oalqns ay3 uaym
paseaIoul sem AJIsuajul
9SIOIOXQ 9OUBINPUD JYJ, "UOTS
-sas/urw 09—0€ 10§ oA
%08—09 e [[Ipean pue
I9)oWO03I2 A[OAD B UO PIULIO]
-1od sem Jururer soueInpuyg
*(3[oam/sAep 7) Sururen
y1Suans pue (oam/sKep ¢)
9OUBINPUD JO PIISISUOD

sYoam 71 weidoxd [SH Yoom-g1 ayJ,

9 9cs

0D H(9°9) 1S XA TI U0 [T :xg

(2208449

00D H(T'TI) 6'9S *XH ST :U0D 971 :Xd

[91] T2 30 tpmOYy

[L]

"Te 30 SSary SWe[ YJouudy|

uornendod uorsnyouy

UOTJUAIOIUI JO QI UOTJUAIOIUT OSTOIIXF

s1eak (S) o5e uBsy

Apmgs

(ponunuoo) zsjqey

pringer

a's



World Journal of Urology (2023) 41:3449-3469

3456

SOSBASIP QUNUILIIOINE
J0 K103e11dSaI pue ‘UOISUL)
-1odAy ‘seyoqerp Jurpnpour
SOSBISIP JUBIIWOOUOD OU
pue aInjrej jjeIs Surouo
-119d X9 Jnoy)Im 1834 QUO
Jse9[ Je J10J uonejuejdsuen
AQupry (BLIQ)LID UOISN[OUT
Surmor[oy 2y} Jow Aoy
J1 Kpms oy 10§ S[qIST[0

arom sjyuedronred [enuajod
ssau[[r orneryoAsd
€ pey Jo ‘Syjuow 9 Sno
-1A21d 9} UTYIIM STOIOXQ
paimonns ur pajedroned
pey ‘SUOIPUOD [BIIPIW
9[qeIsun pey ‘W ()G ‘0oue)
-SIp © 10J UOT)E[NQUIE IO}
110ddns pammbar ‘ueudord
a1oMm AQU) JI POpN]OX?
JIoM SjudNEd “JUISUOD
UQNLIM 9AIS 0] 9[qe pue
‘uonejuerdsuen-jsod
sypuow ] uey) ssof ‘(10p[o
1o s1eaA 8T pase) sympe
1om Kay) J1 papnjour
a1om A9y, Tendsoyq
sewoy [, 1§ pue s, Ann pue
rendsoy 939710 s, 3ury]
Je so1uI[o uonejuejdsuen
sunnoi Surmp poyoeoidde

J1om syuedronreq

syoam 7]

Syoam 7T

uonexe[aI pue Suryyealq
Jo Sunsisuod porrad umop
-[009 UTW-()] © 1M POPUD
A[Teuy pue ‘uoIssas 9SIOIOXd
ur-06—09 & £q pamor[oy
‘SJUSWOAOW JIQOIOE pUE
‘urd3ol ‘asroroxa Furyorons
Jo Sunsrsuood porrad dn
-uLIeM UTW-O] € YIIM palIe)s
(urwr ()g—(09) uoIssas Sururen
[oBH "SUOISSIS ISIOTOXQ U
-06—09 U1 Joom 12d sAep a1y}
Jo Sunsrsuoo weiSoxd Sur
-urer) 9SI0IOXd YooM—7 [ & ul
poredronied dnoi3 os1010%9 oy,

syoom 7]
10} oom 1od 901m) SISSE[O
9STOIOXA PAINIONIS PISIA
-1odns 9a13 papuane sjuoned
‘rendsoy e ur 3unjes wWAS B
ojut pajonpurt a1om sdnoid Sur
-uren) 9oue)sIsal pue Sururer
s1qoIoe Ay} ur syuedroned

(8%'8) 8'LE

00D (18'6) 6°CE X 0T :U0D ¢ :XH

(90D S6¥

00D H(L°01) 6°€S *XH 0T :U0D 9T ‘XH

[81] 'Te 10 newwoy

L1DY wop3ury panun [L1] T2 12 poomuaainy

uornendod uorsnyouy

UOTJUAIOIUI JO QI

UOTJUAIOIUT OSTOIIXF

s1eak (S) o5e uBsy

(ponunuoo) zsjqey

b
)
)
5
et
|9
A
&l



3457

World Journal of Urology (2023) 41:3449-3469

uornjedronred
Iern3a1 juoadrd pinom jey
suoneddwod [edrpauwt Aue
pey Jo ‘QuIdIpaIN si1odg
JO 939[[0D UBdLIOWY A}
10 UOTBIO0SSY 1IB9H Ued
-LIoury 9y} Aq paysIjqelso
se Sur)sa) ASI0IIX 0) SUOT)
-ROIPUTEIIUOD )N[OSqQe Aue
pey ‘dn-mof[oy re[n3aI 10§
J[qe[TeARUN dIoM (Fururen
10 Suns9) 9SIOIOXa PIpN[d
-a1d ey} suoneyrwi orpad
-0y pey cuonedronred
apnjoaxd pinom jey) 19pIo
-SIp 9130[0INAU IO JLNBIYD
-Asd 10 uonosfar yuedsuen
pey A9y J1 Apmis oy} ojur
AIUQ WOIJ PIPNOX dIom
syuaned "G661 IOqUIDAON
y3nomy 661 Arenuef
woij 9oe[d Y003 Judw
-)INIOYY "09SIoURI] UBS
Je eruIofIe) JO AJSIOATU()
a1y Je uonejue[dsuen Aou
P 1o)Je S{puow g urypim
PAINIOAI QIOM SJUSTR] syuow 7|
Apmis Y3 onunuods o}
PaNAUL 21oM S309[qns OO
9ey) YIIAN Juounurodde
Pa[npayds aanoadsar oy
pusle Jou PIp () PUE ‘BLIS)
-1I0 UOISNOUT 9} JooW Jou
PIP 0ST ‘s192[qns (0g Jo
PAISISUOD ISI] JUSUIINIOAT
[entur oy, ‘endsoy As
-IOATU[) [BIO] AU} J& SAsB
-SI(] [eUSY JO UOTIUSAI]
10} I9JUQD) AU} I8 POIINIOAL
Q19m s102[qns [enualog syoom 1

Syeam 7 A19A9 JjeIs Apmis oy
0] PauIN)aI dIoMm OIYM ‘s30]
9s1010%9 1doy sjuened "orel
1189y [BWIXBUW JO %08—G/ 0}
PaseaIoul (syom 7 AIoAd)
A[renpei3 sem yorym ‘ojer
Jeay [ewxedt Jo %59-09
A[rentur sem jey) K)isusjur ue
pue <uoissas Jod uru (¢ Ise9|
Je 0] dn payIom Jet]) uoneInp
Syoom 1od sown Inoj Jsea|

je Jo Aouanbauy {(3uroho 10
Sunyrem Aqrrewrid) 9s1010X9
Ie[NOSEAOIPIED PIpN[oul pue
9SI019X? paseq-owoy Juapuad
-opur 10J sem uondrrosard

QU "SI[NS2I 1S9) [[IWUpeI)
119} JO SIseq ay) uo XH a3y}
ojul paznuopuel 32[qns
yoeo 10j padojoaap arom

suondrosaid pazifenprarpug

UOIX9p 90Uy
Surpue)s pue Jenbs [joqquinp
‘ssaxd peoyroao [[ogquInp
‘ssaxd youaq [[oqquunp ‘mox
Juaq [[2qqunp :19pIo Jur
-mo[[o3 oy ur dnoi3 sposnur
0B JOJ 9SIOIOXI JYSIom-9a1f

Juo pawriojrad s1oafqns ay,

LonLey

0D M9 TIL'6E XA €F UOD pG Xd

(81

€ 10D (S Xd

BOLIOWY

Jo saJeIS payun

nzeig

[0z] ‘T2 10 10yureq

[61] Te 10 T

uone[ndod uorsn[ou] UONUSAIIUI JO QWIL],

UOTJUAIOIUT OSTOIIXF

s1eak (S) o5e uBsy

Anuno)

Apmgs

(ponunuoo) zsjqey

pringer

a's



World Journal of Urology (2023) 41:3449-3469

3458

(0€ < Xopur ssew
Apoq) syuardroar 9saqo
ur uonjejuedsuen) Aoupny
I9)Je pajentul (poyjou
HDO) weadoxd uoneliq
-eyo1 Areurjdrostprinu
pasiazadns yyuow-z | & Sur
-AToAUT Apnys aanpoadsord
paziwopuel paaoidde
-pIeOqQ MITAQI [RUIAIUT
ue pajonpuod Apnis oy,

S661
J9qUIDAON] Y3no1y) $661
Arenuef woij aoe[d JoO)
JUSUIINIOSY "OJSIOURI]
ues 18 BIuIojIfe)) Jo AJSIoA
-1un) 9y3 Je uonejuedsuen
Koupry jo yyuour | urpIm
PIINIOAT QIOM Sjuaned

SyjuoOwW 7] I0J PJONpuod
sem weidold uonelrfiqeyar
QU L, "9J1] [EUOTIOWD PUR ‘SUOT)
-eyruarp/snye)s [eorsAyd ‘ssou
-[[oM [BOIPAW ‘[IAJ] ASIOUD
sjuaned [enprAIpur yoes o}
POZIWO)ISNO WNNOLIIND PUL
$s9001d pazIpIepue)s € Jo
uonjeoridde oy punoze 3inq
s1 werdoid uoneliqeyar Areu
-Ndrosipynw oy, “uontnnu
pue ‘A3o1oyoAsd ‘ssouyy [ed
-1sAyd Surpnpour ‘sourjdiosip
ordnnu sayerodioour pue
feyoey So10) 19pUNOJ SH

SqIuowW 7] J9)Je POWEU SeM POYIOW SIY],
eI 1By
wnwixew jo %08 01 %S/ 0}
paseaIoul (Syoom 7 AIoAd)
A[renpei3 pue 9je1 1eay
wnuwixeur Jo %69 01 %09
A[rentur sem jey) Kysuour
PUE ‘UOISSIS/UTW ()¢ ISBI[ I8
01 dn payIom Jey) uoneInp €
“oom Jod sow § 1seI] e JO
Kouanbary e yyim (Suro£o 1o
Sunyrem Aqrewrid) 9s1010X9
Je[NOSBAOIPIRD PIpN[oul pue
9SI0I9X paseq-awoy juspuad
-oput 10§ sem uondrrosaid
QUL SIS 1$9) [[Tpean
119y} uo paseq dnoi3 Xq o)
0) pausisse Auopuer 109(qns
oed 10J padofoAap a1om

syuow g | suondrosard pazifenpiarpug

(61)SY

00D (69)91 :xd

S 10D TG xg

BOLIOWY

JO saJBIS pajun

BOLIOWY

JO sajelS parun)

uornendod uorsnyouy

UOTJUAIOIUI JO QI UOTJUAIOIUT OSTOIIXF

s1eak (S) o5e uBsy

Anuno)

[zz] 'Te 10 AouejoAZ],

[12] ‘T2 1 19yureq

(ponunuoo) zsjqey



3459

World Journal of Urology (2023) 41:3449-3469

pringer

a's

uon
-edronred opnpoaxd pynom
Jet[) UONIPUOd [edIpall
Aue pey Aoy J1 10 ‘sypuow
xts jsed oty ur werdoxd
9SIOIOXd PAIMONNS B UT
paredronaed pey ‘ueusard
arom ‘Apuapuadopur sojowr
0S J[em 0} 9[qeun AIoM
A9 J1 papn]ox? 21om Ay ],
‘sypuowt ¢ Surpadaxd
oy ur juejdsuen Koupry e
PaAI12031 peY A2) JI pue
JUOSU0O UaLIM dp1aoId
0) 9[qe ‘I9p][0 o dFe JO
sIeoA g1 21om Aoy J1

paopnyour a1om sjuedronieq
Jsa1
pue ‘dojs urew ‘Surwrem
-a1d Jo saSe3s ea1) 03
POPIAID 9IOM SUOISSAS Y,
's)oom (] 10J Yoam Jod
SUOISSAS UTW-()G—(9 I}
10J SOSIOIAXQ PauIIsop
oy ur paredronaed dnoi3

9STOIOXA UT $302[qns oy,

Ieok [ Io Ssyjuow 9 Jo
potad e 10} Apjuenbasqns
pue uonezipeyrdsoy Sur
-mp uonejued-sueisod
S)o9M G JO { JOJ PONUNUOD
Apms oy} pue uoneyued
-suer) [eual 19)je skep ¢
10 7 ungim jeis Apnis oyy
Kq paymioar arom syuanyed
oy, 'sIeak ('6 F GGy JO
95 ueOW YIM U /¢
pue uswoM 7¢ :Apmis oy
ur pajedronaed syuardroar
jue[dsuen [eual g9 Jo [810)

pap1aoid os[e sem uoneonpd
juaned par-isiderayporsAyd
‘UT-()¢ oM ' 90U "uon
-ezrwopuel ondwoos Aq
QIeo [ensn 1o ‘Fururen aoue
-)s1saI ‘Fururen o1qoIoe
pasiazadns Jo syoom 7T 1oyl
01 JUSWISSASSE QUI[Aseq o).
SYIUOW ¢ PIZIWopuel a1om sjuedroneq

Apnis SIY) Ul popnyour 9Iom
SONIATIOR OSIOIOXS Je[N3aI ou
peY puE ‘QuIdJjed pue [0Yod[e
Jo uondwnsuod jo K103s1y ou
pey ‘a10joq s1eak ¢—g sjuerd
syeom O] -SUBI) PIATOII OYM SIUANIE]

uMmo I1oy) uo
weidoxd 9s1010%9 oY) pajeadar
syuaned oy} sAep djeuro)e
uQ -1sideroyiorsAyd e £q
Ppa1sIsse uorssas od/urw (¢
10§ Kep 194)0 AI0AQ pauren
syjuour 9 sjuanjed Sunedronred oy,

(90D S'6¥

00D H(L°01) 6°€S *XH 0T U0 7T :Xd

€D 1oy

00D HT'TD) SL'EY XA LE 1U0D ‘7€ XH

wop3ury| payruf)

GI :uo0D 6T X4

[+2] ‘e 39 10uu0) .0

[8] ‘e 10 JejURIOO]

[€2] 'Te 10 emodsTf

uornendod uorsnyouy

UOTJUAIOIUI JO QI UOTJUAIOIUT OSTOIIXF

s1eak (S) o5e uBsy

Apmgs

(ponunuoo) zsjqey



World Journal of Urology (2023) 41:3449-3469

3460

Apmys o) woIy
PapN[OXd d1oMm SIIOYP
Ienosnwoinau Sunsrxaard
pue ‘uonosfar [euar 9noe
‘suoneordwod [eor3ins
‘suSIs [eIIA J[qeIsun
IIM SIUSNE] “pPaInseat
QI9M S)[NSAI Y} pue
‘(T090T0/TT/LTOT/TALD)
uonexnsi3ar aanoadsonar
TA1D pue (£8/92DAA
/TT/IN-DHI) 29)Twuwo))
SOIYIy [euoneN ayj jo
[eaoxdde ay3 1opun 91(¢
IaquIada(J pue 710g KIe
-nue[ ur uonejuejdsuen
[eua1 12)je $103[qns 07
ur pajonpuod sem [ern
P9[[0NU0D PIZIWOPUEI SIY ],

Jouuew
popei3 ur o[eds 310g 9y} uo
UOTI9X? paAtadrad jo Juner

12d se (Surprepad o104o1q/3ur
-[em) SUTUOTIPUOD JIqOISE
pue sas1o1axd AIqrxay ‘(N
0T J0 %08-0S) Surturen adue

-1S1S9J SUTAJOAUT SSIOIOXS PRy

111 pue ] saseyq uone[nquie
10 o[osnur A9y e ‘sdoorrpenb
Q[osnw Ay} JO WNWIXew
suonnadar O] J0J passasse
sem dnoi3 Apms oy, ‘JyStom
Apoq umo pue AJ1AeIS Jo osn
) yym Jururern yi3uans
‘uorje[nquue papers papnyout
Sururen | oseyd oy, ‘seseyd

Syoom ¢ a1y ur pauren jos sjusned ayJ,

(82'8) 80°S€

00D X(99'8) ¥T'OE XA 19 1U0D 19 :Xg

[6] 'Te 10 Jewmnyy| [ryIueg

uornendod uorsnyouy

UOTJUAIOIUI JO QI

UOTJUAIOIUT OSTOIIXF

s1eak (S) o5e uBsy

pringer

Apmgs

Qs

(ponunuoo) zsjqey



3461

World Journal of Urology (2023) 41:3449-3469

pringer

a's

Sururen yi3uans pue aoueInpud 797 ‘yuedsuen Aoupry 7y ‘dnoid [onuod uo) ‘dnoid 9S1019%a X7 ‘S[eLI) PI[[ONUOD PIZIWOPUEI )Y

wIoy
JUISUOD PAULIOJUI Y} USIS
pue Apms oy ur 9yedronred
0} paaIge pue syoofoxd
yoreasar oo ur unedron
-red jou a1om 9uerdsuen
Aaupry ay) 210joq Jururern
Q0UB]SISAI UT 9oUALIAd X

ou pey ‘ouoydirews e asn
pnoo ‘querdsuen Aoupry

Jsteroads
uone[Iqeyar oY) £q pasia
-1odns dnoiS e pue sosinu

£q p9[ sem ssaooxd uorne)nyiq
-BUQI 9SIOIIXD J[OYM Y],
-ouoydyrewrs Aq sasInu oY)

0 09PIA 9} JUSS PUE OIPIA
uoneI[IqeYI 9S1010X2 AJIep €
Pap10931 dnoi3 uonuaAIUI
) ur syuanyed [y "owoy je
a3e3s A1ojRINqUUE AU} UT SB
SOSTOIOX? owres ayy Surop
popnjout 93e)s o3reyosip-jsod
AL, ‘Sururer aoue)sIsal-nue
pue urfuenpeq 9SI0IoX0 95U
-IyD [euonipen sy papnpout
wer3old as1o1ax9 [earsAyd oy
‘a3e)s A10jR[NqUUE oY) Surn(g
*(1 Aep 19136 Aep A19A9 pajonp
-U02 sem 1s9] 2U3) 159) OD) pue
dn powrg, o passed Loy
[Mun 9s1019Xa A10jR[NqUIB-UOU
9y penunuod syuedronred oy
9ou J1 *£ Aep eaneradoysod
uo 159} o0 pue dp) pawL],

a passed syuedronred oy J1
a3eys K1oje[nquie 9y} 0} a3els
AJoje[nque-uou ) wolj
paSueyd uonUIAIUT SUTUTET)
9S1010X9 YL, *(9SxeyosIp 0}
1591 DI, 2ys Surssed woiy)
a3e3s A1oye[nquue oY) pue
[3sar, 0n pue dn powrf,

oy Surssed 03 ¢ Aep woiy]
a3e3s A1oye[nquue-uou )
papnjour a3e)s a3reyosip-axd
QU L, o3e1s 931eyosip-1sod oy}
pue a3e}s a3reyosipaid oy

381y 11oy) Sutogropun :593e1S 0M) OJUI PIPIAIP SBM (1S°6) 90°C :u0D
1oMm ‘s1eak g1 <a3y sqpuowr 9 weroid astorexo [eo1sAyd oy, S9L°01)9T'Eh :Xd €6 0D ‘€G :X7 109 i) [sZ] 'Te 10 Sueyyz
uorendod UOTSN[OU] UOTIUSAIUI JO QWIL], UOTJUSATIOIUI STOIXY  SIBaK ((IS) 95® ueoy az1s opdureg ugsoq Anuno) Apmgs

(ponunuoo) zsjqey



3462

World Journal of Urology (2023) 41:3449-3469

Table 3 Quality assessment of individual study

Study Allocation Allocation  Blinding Loss to follow-up Calculation  Statistical analysis ~ Level  ITT analysis
sequence gen-  concealment of sample of qual-
eration size ity

Onofre et al. [13] A A B 0 Yes ANCOVA A Yes

Karelis et al. [14] A A B Unmentioned Yes ANCOVA B No

Hernandez Sanchez A A B 0 Yes ANCOVA A No

etal. [15]

Riess et al. [7] A A A 0 Yes ANCOVA A No

Kouidi et al. [16] A A A 0 Yes ANCOVA A No

Greenwood et al. A A A 0 Yes ANCOVA A No

[17]

Hemmati et al. [18] A A B Unmentioned Yes Independent T-test B No

Lima et al. [19] A A B 0 Yes ANCOVA A No

Painter et al. [20] A A B 30 Yes ANCOVA B No

Painter et al. [21] A A B 0 Yes ANCOVA A No

Tzvetanov et al. [22] A A B 0 Yes 2-tailed Student A No

T-test

Juskowa et al. [23] A A B Unmentioned Yes ANCOVA B No

Pooranfaret al. [§] A A B 0 Yes Student’s T test A No

O’Connor et al. [24] A A A 0 Yes ANCOVA A No

Senthil Kumar etal. A A B Unmentioned Yes ANCOVA B No

(9]
Zhang et al. [25] A A B 2 Yes ANCOVA A No

A all quality criteria met (adequate): low risk of bias, B most quality criteria met (adequate): moderate risk of bias, /7T intention-to-treat,

ANCOVA analysis of covariance

0%, and the Chi* value was 0.62 (p=0.003). Significant
improvements in urea were found in the exercise interven-
tion group.

Estimated glomerular filtration rate (eGFR) Three RCTs
were included in our study. A random-effects model showed
that there was no difference between the exercise interven-
tion group and the control group in eGFR (MD: 16.16, 95%
CI —3.98 to 36.29, Chi®’=9.33, p=0.12, Fig. 2C).

Cardiorespiratory function

Systolic blood pressure Because of p<0.05, we employed
a random-effects model to compare the systolic blood pres-
sure between the exercise intervention group and control
group from six RCTs (Supplementary Fig. 3A). The pooled
estimate of MD was — 1.53, 95% CI was —4.70 to 1.64, I?
was 0%, and Chi’ was 3.34 (p=0.34). The results showed
that the exercise intervention and control groups were simi-
lar regarding systolic blood pressure.

Diastolic blood pressure Six RCTs involving 258 patients
analyzed the differences between the two groups after the
intervention in terms of diastolic blood pressure (Supple-
mentary Fig. 3B). Due to p>0.05, a fixed-effects model

@ Springer

was utilized for analyzing data. The results showed no sta-
tistical difference in diastolic blood pressure between the
two groups after the intervention treatment (MD: —0.03,
95% CI —2.25 to 2.19, Chi’=4.52, p=0.98).

Heart rate Because of p<0.05, we compared the heart
rate between the exercise intervention and control groups
from four RCTs by a random-effects model (Supplemen-
tary Fig. 3C). The pooled estimate of MD was —2.32,95%
CI was —9.26 to 4.62, I* was 79%, and Chi* was 14.12
(p=0.51). The results showed that the exercise interven-
tion and control groups were similar in heart rate.

Peak oxygen uptake (VO,,,) Six RCTs involving 251
patients (136 patients in the exercise intervention group,
and 115 patients in the control group) reported the changes
between the two patients after the intervention regarding
VO,cqk (Supplementary Fig. 3D). Since p> 0.05, a fixed-
effects model was used to analyze group differences. The
model revealed that the MD was 3.20, the 95% CI was
1.97-4.43, the 1> was 6%, and the Chi? value was 5.34
(p<0.00001). We concluded that the exercise interven-
tion group recorded a statistically significant improvement
regarding the VO,
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A

Exercise group Control group

Study or Subgroup __Mean SD_Total Mean _SD Tolal Weight
11.8%
37.9%
0.8%
10.1%
15.1%
24.3%

| Tzvetanov 2014 1.41 051 9 161 054

J. Juskowa 2006 148 06 32 191 058 3?
Patricia LP 2002 1.5 7 54 18 15 43
Paulo SL 2019 1 018 7 19 06 5
Sonsoles HS 2021 1.3 04 8 15 05 8
Zhang P 2023 132 08 53 1.22 1.02 §3

Total (95% CI) 163
Heterogeneity: Chi*= 10.90, df= 5 (P = 0.05); F= 54%
Test for overall effect. Z= 3.25 (P = 0.001)

B
Exercise group Control group
Study or Subgrou Mean _ SD_Total Mean SD_Total Weight
Paulo SL 2019 2786 992 7 528 1693 5 743%
Sonsoles HS 2021 605 239 8 723 329 8 257%
Total (95% CI) 15 13 100.0%

Heterogeneity: Chi*= 0.62, df=1 (P=0.43), F=0%
Test for overall effect: Z= 2.96 (P = 0.003)

Exercise group Control group

Study or Subgrou Mean SD_Total Mean SD_Total Weight
| Tzvetanov 2014 555 186 9 388 189 8 322%
Paulo SL 2019 7439 1312 7 3788 2262 5 284%
Sharlene AG 2015 523 159 26 513 169 20 393%
Total (95% Cl) 42 33 100.0%

Heterogeneity: Tau®= 244.22; Chi*= 9.33, df= 2 (P = 0.009), F=79%
Test for overall effect Z=157 (P=0.12)

Mean Difference
IV, Fixed, 95% ClI

Mean Difference
IV, Fixed, 95% CI

154 100.0%

-0.20 [-0.70, 0.30] —
-0.43(-0.71,-0.15) -
-0.30 2.2, 1.62] —]

-0.90 [-1.44,-0.36)
-0.20 [-0.64, 0.24]

0.10 [-0.25, 0.45)

——

—
-

-0.29 [-0.46, -0.11] ¢

: I I
T T T

-4 -2 0 2 4
Exercise group Control group

Mean Difference
IV, Fixed, 95% Cl

Mean Difference
__IV, Fixed, 95% Cl

-24.94 [-41.50,-8.38)
-11.80 [-39.98, 16.38) —_—
2157 [-35.84, -7.29] -
-50 .25 0 25 50

Exercise group Control group

Mean Difference
IV, Random, 95% CI
16.70 [-11.17,34.57)

Mean Difference
IV, Random, 95% CI

36.51 [14.43, 58.59) —_—
1.00 [-8.60, 10.60]
16.16 [-3.98, 36.29]
-50 -25 0 25 50

Exercise group Control group

Fig. 2 Forest plots showing changes in A creatinine; B urea; C estimated glomerular filtration rate (eGFR)

Blood parameters

Total cholesterol Five RCTs analyzed the changes in total
cholesterol of 335 patients after the intervention (Supple-
mentary Fig. 4A). A fixed-effects model was utilized to
evaluate differences between the two groups, which showed
an MD of —0.06 (95% CI —0.33 to 0.21, p=0.65). These
results reflect no significant effect on kidney transplant
recipients of total cholesterol with exercise intervention.

High-density lipoprotein-cholesterol (HDL-C) Four RCTs
reported differences in HDL-C of 229 patients after the
intervention (Supplementary Fig. 4B). A fixed-effects
model was used to conduct the analysis, due to p>0.05. The
model revealed that the MD was 0.21, the 95% CI was 0.04—
0.37, the I? was 0%, and the Chi? value was 0.62 (p=0.01),
confirming greater improvements in HDL-C in the exercise
intervention group.

Hemoglobin Because of p>0.05, we analyzed the hemo-
globin between the exercise intervention and control groups
from three RCTs using a fixed-effects model (Supplemen-
tary Fig. 4C). The pooled estimate of MD was 0.23, 95% CI
was —0.10 to 0.56, I? was 0%, and Chi* was 0.88 (p=0.18).

The exercise intervention group had a similar hemoglobin
compared to the control group.

Serum cytokine levels

Tumor necrosis factor-a (TNF-a) Two RCTs were included
in our study. A random-effects model suggested that there
was no difference between the exercise intervention group
and the control group in TNF-a (MD: —1.44,95% CI —4.39
to 1.51, Chi*=8.17, p=0.34, Supplementary Fig. 5A).

Interleukin-6 (IL-6) Two RCTs analyzed levels of IL-6 (Sup-
plementary Fig. 5B). Pooled results from a fixed-effects
model suggested that the exercise intervention group did not
differ significantly from that of the control group regard-
ing levels of IL-6 MD=-0.70, 95% CI —1.56 to 0.17,
p=0.11).

Physical performance
60-s sit-to-stand test (60-STS) Two RCTs recorded the dif-
ferences in 60-STS of 62 patients after the intervention

(Fig. 3A). We employed a fixed-effects model to compare
differences between groups, due to p>0.05. The model

@ Springer
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Exercise group Control group
Study or Subgroup _Mean __SD _Total Mean _SD Total Weight

Mean Difference Mean Difference

IV, Fixed, 95% CI

IV, Fixed, 95% CI
+

Sharlene AG 2015 37 16 26 26 9 20 58.2% 11.00[3.69,18.31)
Sonsoles HS 2021 453 86 8 26 9 8 41.8% 19.30[10.67,27.93) ——
Total (95% Cl) 34 28 100.0% 14.47 [8.89, 20.04] >
Heterogeneity: Chi*= 2.07, df=1 (P = 0.15); F= 52% ! t t y i
-50 -25 0 25 50
Test for overall effect: Z= 5.09 (P < 0.00001) Exercise group Control group
B
Exercise group Control group Mean Difference Mean Difference
Study or Subgrou Mean SD_Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI
Sonsoles HS 2021 695 618 8 5578 463 8 30.0% 137.20(83.69,190.71) ——
Tatiana O 2017 5376 83.7 30 5024 1009 33 326% 35.20[-10.43,80.83] T
Zhang P 2023 504 10217 61 399 70.74 61 37.4% 105.00(73.81,136.19) —
Total (95% Cl) 99 102 100.0% 91.87[38.34, 145.39] e
Heterogeneity: Tau®= 1742.06; Chi*= 9.35, df= 2 (P = 0.009); F= 79% t t t i
Test for overall effect: Z= 3.36 (P = 0.0008) =n E;l?cousa group LlControl g:o%c:) e
C
Exercise group Control group Mean Difference Mean Difference
Study or Subgrou Mean SD_Total Mean SD_Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Tatiana 0 2017 4765 818 30 4199 789 33 358% 56.60([16.83,96.37) —
Zhang P 2023 530.56 72.52 53 49345 83.06 53 64.2% 37.11(7.42,66.80) ——
Total (95% Cl) 83 86 100.0% 44.08[20.30,67.87] ’
Heterogeneity: Chi*= 0.59, df=1 (P = 0.44); F= 0% t ¥ t y d
Test for overall effect: Z= 3.63 (P = 0.0003) 100 Ex-asrgs»: group OControl grgtonp e
D
Exercise group Control group Mean Difference Mean Difference
Study or Subgrou Mean _SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Paulo SL 2019 31 5 723 4 5 5§52%  8.00[2.90,13.10) &+
Sonsoles HS 2021 281 79 8 208 84 8 448% -1.70[-9.69,6.29]
Total (95% CI) 15 13 100.0% 3.66 [-5.80, 13.11]
Heterogeneity: Tau®= 35.35; Chi*= 4.02, df=1 (P = 0.04); F= 75% ’_50 _295 5 2*5 50’

Test for overall effect: Z= 0.76 (P = 0.45)

Exercise group Control group

Fig.3 Forest plots showing changes in A 60-s sit-to-stand test (60-STS); B 6-min walk distance (6-MWD); C 6-min walk test (6-MWT); D

handgrip strength

revealed that the MD was 14.47, the 95% CI was 8.89-20.04,
the I* was 52%, and the Chi? value was 2.07 (p <0.00001).
The exercise-trained patients had obvious improvement in
the 60-STS.

6-Minute walk distance (6-MWD) Three RCTs analyzed the
changes in 6-MWD of 201 patients after the intervention
(Fig. 3B). A random-effects model was utilized to evaluate
differences between the two groups, which showed an MD
of 91.87 (95% CI 38.34-145.39, p=0.0008). The results
suggested a statistically significant improvement in the exer-
cise intervention group regarding the 6-MWD.

6-Minute walk test (6-MWT) Two RCTs analyzed the
changes in 6-MWT of 169 patients after the intervention
(Fig. 3C). A fixed-effects model was utilized to evaluate dif-
ferences between the two groups, which showed an MD of
44.08 (95% CI 20.30-67.87, p=0.0003). The results sug-
gested that the exercise intervention group was significantly
superior to the control group in 6-MWT.

@ Springer

Handgrip strength Because of p <0.05, we used a random-
effects model to analyze the handgrip strength between the
exercise intervention and control groups from two RCTs
(Fig. 3D). The pooled estimate of MD was 3.66, 95% CI was
—5.80 to 13.11, I? was 75%, and Chi> was 4.02 (p=0.45).
These results reflect no statistical difference in handgrip
strength between the two groups after the intervention treat-
ment.

Quality of life short form-36 questionnaire (SF-36)

Physical function score Four RCTs reported the changes
between the two patients after the intervention regarding
physical function score (Fig. 4A). Since p <0.05, a random-
effects model was employed to analyze group differences.
The model revealed that the MD was 6.93, the 95% CI was
—4.76 to 18.61, the I* was 81%, and the Chi* value was
15.54 (p=0.25). The results suggested that the exercise
intervention and control groups were similar in physical
function scores.
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Social function score Four RCTs analyzed the changes in
social function scores of 170 patients after the interven-
tion (Fig. 4B). We performed a random-effects model to
analyze differences between groups. The model revealed
that the MD was 9.22, the 95% CI was —5.35 to 23.80, the
1> was 80%, and the Chi® value was 15.28 (p=0.21). There
was no significant difference between the two groups
about the social function score.

Role-physical score Four RCTs analyzed differences
in role-physical scores (Fig. 4C). Pooled results from a
fixed-effects model suggested that the exercise interven-
tion group had no significant effect on the role-physical
score (MD =4.94, 95% CI —4.76 to 14.63, p=0.32).

Mental composite score Our study included three RCTs
(Fig. 4D). A fixed-effects model suggested that the MD
was —0.17, the 95% CI was — 4.80 to 4.46, the I* was 0%,
and the Chi? value was 0.83 (p=0.94), thus indicating that
there was no significant difference between the two groups
about the mental composite score.

General health score Three RCTs analyzed the changes in
the general health score of 139 patients after the interven-
tion (Fig. 4E). We performed a random-effects model to
analyze differences between groups. The model revealed
that the MD was 7.90, the 95% CI was — 10.66 to 26.47,
the I? was 87%, and the Chi? value was 14.87 (p=0.40).
There was no significant difference between the two
groups about the general health score.

Body pain score Three RCTs analyzed differences in body
pain scores (Fig. 4F). Pooled results from a random-effects
model suggested that the exercise intervention group had
no significant effect on the body pain score (MD =17.00,
95% CI —9.13 to 43.14, p=0.20).

Vitality score Our study included three RCTs (Fig. 4G). A
random-effects model suggested that the MD was 16.45,
the 95% CI was —7.82 to 40.71, the I? was 93%, and the
Chi? value was 30.10 (p=0.18), thus indicating that there
was no significant difference between the two groups
about the vitality score.

Role-emotional score Because of p>0.05, we analyzed
the role-emotional score between the exercise intervention
and control groups from three RCTs using a fixed-effects
model (Fig. 4H). The pooled estimate of MD was — 1.21,
95% CI was — 11.69 to 9.27, I* was 0%, and Chi? was 0.40
(p=0.82). The exercise intervention group had a similar
role-emotional score compared to the control group.
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Discussion

Many patients with ESRD eventually ultimately require kid-
ney transplantation to stay alive. Although advances have
been made in surgical procedures, many difficult clinical
issues remain in the management of patients during post-
transplant. The incidence of postoperative cardiovascular
disease (CVDS) is 4-6 times higher in kidney transplant
recipients than in the general population [26, 27]. It is
currently the leading cause of death in kidney transplant
recipients [28]. Relevant studies have reported that kidney
transplant recipients are also at increased risk of dyslipi-
demia, possibly related to using immunosuppressive drugs
such as cyclosporine, glucocorticoids, and sirolimus [29]. In
addition, patients after kidney transplantation often present
with significant motor dysfunction [30]. Therefore, post-
transplant management is important for patient recovery, and
adjuvant treatment strategies may have important prognostic
potential.

Exercise intervention therapy is a rehabilitation method
that focuses on functional exercise. Over recent years,
exercise training has generated interest as an adjunctive
treatment strategy for surgical procedures. Many stud-
ies pointed out that perioperative exercise intervention
in patients with gastrointestinal tumors can reduce the
risk of complications [31] and shorten postoperative hos-
pital stays [32]. Cavalheri et al. [33] suggested training
can improve exercise capacity and quadriceps strength in
patients after lung cancer surgery. Besides, many studies
also analyzed the effects of exercise intervention programs
on patients after solid organ transplantation. Raphael et al.
[34] found that exercise intervention can significantly
improve heart transplantation patients' peak heart rate
and aerobic capacity. Langer et al. [35] concluded that
exercise training improves functional recovery in postop-
erative uncomplicated lung transplant patients and that
postoperative exercise intervention programs should be
strongly encouraged in elderly lung transplant recipients.
Stefan [36] demonstrated that exercise training is safe for
liver transplant recipients, improves physical functional
aspects, and may benefit cardiopulmonary and muscle
health. Emily et al. [37] proved that an exercise training
intervention can improve exercise capacity and quality of
life in patients after lung transplantation.

VO,cqx 18 an important measure to evaluate cardiores-
piratory fitness [17]. It is commonly used to analyze vari-
ous patients' aerobic work capacity [38, 39] and physical
exercise effects [40]. In addition, some research confirmed
excellent test-retest reliability for VO, [41, 42]. Our
study considered VO, as an index to evaluate cardiopul-
monary function in patients after kidney transplantation.
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The SF-36 is a commonly used tool to evaluate subjective
health-related quality of life [43]. It is now widely available
for evaluating the quality of life in various diseases. The
SF-36 comprises eight items, each reflecting different health
aspects: physical function, role-physical, body pain, general
health, vitality, social function, role-emotional, and mental
health. In the present study, we used the SF-36 scores to
analyze the patients’ quality of life.

Our study included 16 RCTs containing 827 patients. We
analyzed the effects of exercise intervention in kidney trans-
plant recipients from eight dimensions, including anthropo-
metric characteristics, body composition, renal function, car-
diorespiratory function, blood parameters, serum cytokine
levels, physical performance, and SF-36 scores. Analysis
of the results revealed that exercise intervention had some
positive effects on improving renal function. Specifically,
patients in the exercise intervention group showed signifi-
cantly improved creatinine and urea than the control group.
In terms of cardiorespiratory function, patients following
the exercise intervention program had significant superior-
ity in improving VO, ... Moreover, exercise intervention
induced improvements in HDL-C, 60-STS, 6-MWD, and
6-MWT. And no difference was found between groups in
terms of anthropometric characteristics, body composition,
serum cytokine levels, and SF-36 scores. These findings laid
a theoretical foundation for introducing exercise intervention
in kidney transplant recipients.

In contrast to previously published studies [44, 45], we
found that exercise intervention had shown advantages in
improving renal function and dyslipidemia in kidney trans-
plant recipients. These findings may be more clinically rel-
evant. Additionally, this study analyzed the efficacy of exer-
cise intervention in patients with kidney transplants from
multiple dimensions and involved more evaluation indica-
tors, offering more comprehensive results. Finally, our study,
with more RCTs and a larger sample size, included, may
provide more reliable results.

There are some shortcomings in the present study. First,
the intervention duration and exercise programs of each
RCT included were not unified, which may also result in
bias of results. Second, given that many studies in recent
years have reported on the effects of exercise intervention on
renal transplant recipients, our study was limited by its lack
of novelty. Therefore, we will continue the research topic
and focus on the latest RCTs to address this.

Conclusions

Our meta-analysis concluded that appropriate exercise
intervention can improve renal function, cardiopulmonary
function, dyslipidemia, physical performance, and quality
of life in renal transplant recipients. The patients should be

encouraged to participate in an exercise training intervention
after kidney transplantation. These findings will assist clini-
cians in developing and applying exercise rehabilitation pro-
grams specifically designed for kidney transplant recipients
as part of standard medical care. In addition, our study will
help bridge the gap in knowledge about the importance of
exercise intervention programs in kidney transplant patients.
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