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Abstract

Purpose To summarize the current evidence regarding the effectiveness of intradialytic exercise (IDE) on the health-related
quality of life (HRQOL) of patients undergoing maintenance haemodialysis.

Methods Five English databases (PubMed, EMBASE, Cochrane Library, Web of Science, and ScienceDirect) and four
Chinese databases (VIP, WAN FANG, CNKI, CBM) were comprehensively searched from their inception to 18 March 2021.
This study was reported according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses statement.
Two independent reviewers selected the papers and extracted the details of each study therein. Only randomized controlled
trials were included. The risk of bias tool version 2.0 was used to evaluate the risk of bias of the included studies. A random-
effects meta-analysis was conducted to pool the effect size.

Results Thirty-three eligible studies with 1481 participants were included. For the generic HRQOL, assessed by the Medi-
cal Outcomes Study Short-Form survey, IDE significantly improved most domains and the physical component summary
compared with the control group. Furthermore, aerobic exercise alone significantly improved more domains compared to
resistance exercise, combined aerobic and resistance exercise, and other types of exercise. Regarding the kidney-specific
HRQOL, IDE improved three of eleven domains, including the symptom/problem list, the effect of kidney disease, and the
quality of social interaction. No significant effect was found on other domains of kidney-specific HRQOL.

Conclusion Intradialytic exercise could benefit patients undergoing haemodialysis in improving most domains of generic
HRQOL, but the effect on most domains of kidney-specific HRQOL is insufficient.

Keywords Intradialytic exercise - Health-related quality of life - Maintenance haemodialysis - Systematic review - Meta-
analysis - Randomized controlled trials
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Plain English summary

The number of end-stage renal disease patients who need
maintenance haemodialysis has risen significantly in recent
years. The health-related quality of life is lower in this
population. Many types of exercise during dialysis sessions
may improve the health-related quality of life in patients
undergoing haemodialysis. However, the effect of different
types of exercise on domain-level of health-related quality
of life lacks, especially on kidney disease-related domains.
In this study, we have explored the impact of different kinds
of exercise during dialysis on the detail of the health-related
quality of life via the synthesis of high-quality clinical trials.
This study indicated that aerobic exercise alone improved
more part of health-related quality of life compared to resist-
ance exercise, combined aerobic and resistance exercise, and
other types of exercise. Exercise during dialysis could ben-
efit patients undergoing haemodialysis in improving most
generic health-related quality of life. Still, the effect on most
aspects of kidney-specific health-related quality of life is
insufficient.

Introduction

Maintenance haemodialysis (MHD) is the predominant
form of renal replacement therapy (RRT) for end-stage renal
disease (ESRD) patients [1]. The prevalence of ESRD has
risen significantly in recent years [2]. It is estimated that the
number of ERSD patients who need RRT will increase from
2.618 million in 2010 to 5.439 million in 2030 globally and
that the most growth will occur in Asia [2]. In China alone,
553,000 patients underwent MHD in 2015 [3].

While improvements in the treatment of ESRD patients
have prolonged their life expectancy, the burden of MHD
remains substantial. MHD requires patients to commit to at
least two to four-hour treatment sessions three times weekly,
leading to challenges for patients in terms of scheduling,
travel flexibility, and the possibility of holding certain jobs
that do not allow for breaks during the day [4]. Furthermore,
patients undergoing MHD suffer from a series of symptom
clusters (e.g., dry skin, muscle soreness, dry mouth, etc.) and
economic burdens, leading to more inferior health-related
quality of life (HRQOL) compared with their healthy coun-
terparts [4, 5].

Physical exercise, including intradialytic exercise (IDE)
and out-of-clinical exercise, for MHD patients may improve
physical activity and HRQOL [6]. IDE has been considered
the ideal method of physical exercise for MHD patients since
it is performed under the supervision of healthcare staff and
is safer precisely because of the monitoring from medical
professionals [6].

@ Springer

According to the World Health Organization, quality
of life (QOL) is subjective and multi-dimensional, includ-
ing in relation to physical, psychological, social relation-
ships, level of independence, and spirituality [7]. HRQOL
refers to the aspects of QOL that are affected by health [8].
Although there is no uniform definition of HRQOL, it is
widely accepted as including physical, psychological, and
social domains [9, 10]. Patient-reported outcomes, usu-
ally in the form of questionnaire responses, are commonly
used to measure HRQOL [7, 10, 11]. Generic and disease-
specific HRQOL measurements are widely used to measure
HRQOL among patients with ESRD [9]. Specifically, the
most common assessment tools for generic and disease-spe-
cific HRQOL for ERSD patients are the Medical Outcomes
Study Short-Form (SF-36) survey and the Kidney Disease
Quality of Life (KDQOL) questionnaire, respectively [9].
The Kidney Disease Quality of Life Short-Form (KDQOL-
SF) includes the generic (SF-36) and eleven kidney-specific
domains of HRQOL (e.g., the symptom/problems list (SPL),
the effect of kidney disease (EKD), the burden of kidney
disease (BKD), etc.), which could comprehensively reflect
the HRQOL of MHD patients [11]. A shorter version of
the KDQOL-SF, the Kidney Disease Quality of Life-36
(KDQOL-36), also includes generic and kidney-specific
aspects of HRQOL [12].

The HRQOL of patients undergoing MHD is significantly
lower than that of the general population in the physical
component summary (PCS), the mental component sum-
mary (MCS) and eight domains assessed using the SF-36
[5]. Impaired HRQOL in patients undergoing MHD was
associated with adverse outcomes, such as higher rates of
mortality and hospitalization [13]. With every 10-point
decline in different components of HRQOL, the adjusted
relative risk of mortality increased by 1.13 times for the
MCS, 1.25 times for the PCS, and 1.11 times for the kidney
disease component summary [13].

IDE may benefit physical functioning and improve the
HRQOL of MHD patients [6, 14]. It includes aerobic exer-
cise, resistance exercise, combined aerobic and resistance
exercise, and other types of exercise [6]. Published studies
have shown that IDE can improve dialysis efficiency, aerobic
capacity (VO,pe,), physical capacity, muscle strength, and
HRQOL in this population [15-18].

Evidence about the effects of different types of IDE on the
HRQOL domains remains wanting, especially for kidney-
specific HRQOL. For HRQOL in MHD patients, domain-
level analyses have been found to be more sensitive and
specific than component-level analyses, given that changes
in some component summaries of HRQOL did not trans-
late into changes in the corresponding domains [11, 19].
Although most published clinical trials reported on the effec-
tiveness of IDE on HRQOL in both the domain and com-
ponent levels for MHD patients, most meta-analyses have



Quality of Life Research (2022) 31:1915-1932

1917

focused on the PCS and MCS [20-24]. To date, only one
meta-analysis has reported on the effectiveness of combined
aerobic and resistance exercise on eight generic domains of
HRQOL (measured by SF-36), with the results showing that
combined aerobic and resistance exercise could significantly
improve physical functioning (PF) and vitality (VT) [25].
Therefore, the effectiveness of IDE on the domain level of
generic HRQOL needs to be explored.

Furthermore, the results of the existing systematic review
on the effectiveness of IDE on the HRQOL of MHD patients
are inconsistent [20, 22]. Some published meta-analyses
indicated that IDE could improve the PCS or MCS [21-23].
However, other meta-analysis results demonstrated that the
effect of IDE on the PCS and MCS of the same population
was unobvious [20, 24]. Different results on the effectiveness
of IDE on HRQOL will create confusion among healthcare
providers and patients in terms of reliability. In addition, it
has been reported that most KDQOL domains (e.g., SPL,
EKD, BKD, etc.) are independently and significantly asso-
ciated with death and hospitalization [13]. To the best of
our knowledge, no published meta-analysis has explored the
effectiveness of IDE on kidney-specific HRQOL. Moreover,
the published meta-analysis pooled different types of IDE
together, and no one could distinguish which modality of
IDE is more efficacious [22, 23]. Therefore, this systematic
review is necessary as it explores the effects of different
types of IDE on the domain-level HRQOL of MHD patients.

To update the evidence about the effectiveness of IDE on
HRQOL and supplement previous meta-analyses, the cur-
rent meta-analysis aimed to synthesize all the eligible rand-
omized controlled trials (RCTs) and systematically analyse
the effects of IDE on generic and kidney-specific HRQOL,
with specific objectives to assess the effectiveness of differ-
ent types of IDE on specific domains and component sum-
maries of HRQOL.

Materials and methods

This systematic review and meta-analysis was conducted
following the Cochrane Handbook for Systematic Reviews
of Interventions [26] and reported according to the prin-
ciples of the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) [27]. The protocol
of this study was registered on the PROSPERO website (ID:
CRD42020219799).

Search strategy and data selection

Five English electronic databases (PubMed, EMBASE,
Cochrane Library, Web of Science, and Science Direct) and
four Chinese electronic databases (CNKI: China National
Knowledge Infrastructure; CBM: Chinese BioMedical

Literature Database; WAN FANG: WAN FANG Data; and
VIP: VIP Chinese Science and Technology Journal Data-
base) were searched from their inception to 18 March 2021.
Keywords and their synonyms were used with a combina-
tion of Boolean notations. The keywords included ‘chronic
kidney disease’, ‘end-stage renal disease’, ‘hemodialysis’,
‘haemodialysis’, ‘dialysis’, ‘exercise’, ‘physical training’,
‘aerobic exercise’, ‘resistance exercise’, ‘quality of life’,
‘health-related quality of life’, ‘patient-reported outcome’,
‘randomized controlled trial’, and their related terms. The
search strategy for PubMed is shown in Appendix 1, and
similar methods were applied to other electronic databases.

The populations included in this study were adult patients
(> 18 years old) diagnosed with ESRD who have undergone
regular MHD for at least three months. All forms of IDE per-
formed during the haemodialysis were included. The com-
parison interventions included usual care, sham exercise,
and no exercise. The outcome of this study was HRQOL.
The assessment tools of HRQOL included the SF-36, SF-12,
KDQOL-SF, KDQOL-36, etc. Only RCTs published in Eng-
lish and Chinese were included.

The references searched from the nine databases were
imported to EndNote X9. Two independent reviewers
screened the titles and abstracts after removing duplicates.
The full texts were then carefully evaluated according to the
inclusion criteria defined by the two independent reviewers.
Disagreements regarding the included studies were resolved
through discussion or arbitration involving the senior author.

Risk of bias assessment

Two reviewers independently evaluated the risk of bias of
the included studies according to the Risk of Bias tool 2.0
(RoB 2.0) from Cochrane Collaboration [28]. Disagreements
were resolved by discussion between the two reviewers or in
collaboration with the senior reviewer. RoB 2.0 assesses the
risk of six domains: randomization process, deviations from
the intended interventions, missing outcome data, measure-
ment of the outcome, selection of the reported result, and
overall. Each domain of the risk of bias can be assessed as
low risk, high risk, or some concerns [28].

Data extraction

Two reviewers developed a structured data extraction table,
which was pilot-tested on ten randomly selected papers.
The table included basic information (first author, title, key-
words, setting, funding, journal, publication year, and pub-
lication language), participant information (inclusion and
exclusion criteria, socio-demographic, dialysis vintage), and
study details (sample size, time and duration of implemen-
tation, the length of the study, outcomes, and follow-up).
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Disagreements between the two reviewers were resolved by
discussion or consultation with the senior author.

Meta-analysis

The standardized mean difference (SMD) with 95% confi-
dence intervals (CI) of changes was calculated as the effect
measures [26]. An SMD of 0.2 was considered a small effect
size, 0.5 a medium effect size, and 0.8 a large effect size
[26]. The heterogeneity of the included data was assessed
by I statistics, with I>> 50% signifying the existence of het-
erogeneity and > <50% signifying the absence of heteroge-
neity [29]. The random-effects analysis model was used to
calculate the effect. A subgroup analysis was conducted to
explore the impact of different IDE types on HRQOL [26].
The statistical significance level was 0.05. RevMan 5.3 was
used for the data analysis. Sensitivity analyses were con-
ducted by excluding studies with a high risk of bias.

Results

After an initial search of nine electronic databases, 2784
records were identified. After eliminating duplicates, the
titles and abstracts of 2170 papers were screened, and 2042
irrelevant papers were excluded. The full text of a total of
128 papers was screened. Finally, 33 papers were included
in the systematic review and meta-analysis [15-18, 30-58]
(see Fig. 1).

Characteristics of included studies
Thirty-three RCTs involving 1481 participants were

included (Table 1). Five studies were published in Chi-
nese and 28 in English. All studies reported that their rate
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Fig.1 PRISMA flow diagram

@ Springer



1919

Quality of Life Research (2022) 31:1915-1932

9¢-dS

9¢-dS

4S-100a

9¢-dS

9¢-dS

9¢-dS

9¢-dS

0qoaoeld D

Kyoeded 9s1019%0 [RWIXEW

sauaned oy Jo %6909
Jo Ayisuayur ue je D] ;I
ares fens) 1D

1q-Tur

9} UO PAIO]s el JIedy

winuirxew sy 3o %0L-0S

Jo AJIsuoiul WnNWIxew e
s g1 vt 6 03 0¢ °I
QIed [ens() D

9reos 310g ur G uey)

SSO[ YIm XY [[eq Aounoq

quipdn Q[ X QT pue Xgy
Jursrer quuIp Iomo[ 01 X 0T ]
9STIXA ON 1D

UMOp-[009

urur ¢ A [enplatpur

913 JO %09 JO [oA9]

a3 e DI Ut 0—0¢
‘dn-wwrem urw ¢

opead

(Jonuos
-uonjuae) Suryolens :H
1S9) WNWIXEW Uon
-nodal-1 Jo %09 yim Sut
-uren yI3uans aarssaiord
K)ISUIUI-MO] “‘UMOP-[00D
unu ¢ pue dn-wIem un g :
ares fensn) :D
oeos S10g oy uo g4y
L1-ST Wim pauriojrod
QIoM SONIWANX? JoMO[
pue 1oddn oy jo sdnoi3
Jrosnu Jofew pojagie)
et} XHY O Jo suonno
-dory31o Jo syes om, ;T
ISTOIOXA ON 1D
159) WNWIXew
uonnadai-1 Jo %09 ‘squiy
JIOMO[ UT Spueq JNSe[d pue
Syno-opue Sursn syuw
-9AOW JNOJ YIIM SUOTIIIO
-dox 0 Jo syes Qa1yJ, i

[4

€

€

syjuowr 9

syuow 9

syoom 71

S)oOM ()

SYoOM T

syoom 71

syjuow ¢

qv

qav

Xdd

qv

X4y

Xdd

Xdd

LT F D
LT F LY

VN

(re) 86D
(99) 69 1

8T F 6¥:D
STF 611

9 F8SD
I€FI€T

L er:o
(961) 0¥ 1

0S +0LD
o F 1L'1

LT FLSD
€1 961

TFSSD
EFPS

120 €9:D
(re) 65 1

8 F09:D
LF8S1

€I+19D
ELFILT

€I F69:D
ST+091

YL+ €YD
ST+9t 1

©cLD
anDeria

(€D SID
(39RS i

(T oz:D
6) 1771

) 01D
WIra

(InzeD
(4|

wLnveD
(LD oz

(werD
P ST

900210

uely

euIy)

ooz

vsn

eIensny

n1zeig

€107 ‘Pleuuery

120 ‘e

810 ‘Suoq@

2102 “esqod

010T ‘uayd

LOOT “BWYD

L10T 0219y

juauInseal awodNNO

UOTJUSAINUT

yoom 1od
Kouanb

-a1g

uoneInq

adAy, syjuow ‘oFejura SISATeI(]

s1eak a3y  (orewn) ozis opdureg

Anuno)

Ieok ‘IOUIne ISIy

SOIPN}S POPN[OUT JO SONSLIAOBIRYD) | d|geL

pringer

a's



Quality of Life Research (2022) 31:1915-1932

1920

9¢-dS

9¢-dS

9¢-dS

9¢- 100

9¢-dS

ared [ensn) :D
(3 |
9[eds 44y Jo s.8log
Pim DAL uru 461 -1
0qaoe[d D
PaeIs[o}
SE 1S 991y} 0) PISLAIOUT
sem pue suonnadar o]
JO SJ0S 0M) JOJ WNWIXEW
uonnadai-¢ Jo %09
Aorewrrxoxdde je poyess :

—

9SI219X2 ON] D
9STOIOXQ QOUE)SISAT
AITWUANX9 JOMO[ Uy}
pue ‘oreos 310g G1-11
A ytm H g Ut ¢ 03
0z ‘dn-wrem urw g—¢ :J
ares [ensn) :D
UMOp-[00d
UIW G “9SIOTOXA QOUEISISAT
u 01-0Z ‘v1-¢l Jo
HdY yita DAL urr 0g-01
‘dn-wwrem urw ¢ ;|
ares fens) :D
U og
uoneInp 830} ‘UMOP-[00D
ur ¢ pue y[—¢[ Jo
oreos 31rog yum DI
urw (g ‘dn-wrem urw g o

€

syuowr 9

syoom 71

Syoom §

SYooM 7

syoom 7]

qv TFIED+HI

(€S1) 92D
Xqyd FoD) €€ 11

€EFIY D
g0 e F8C I

(68) €7D
40 099z 1

0CF¢SD
av 61 F 61 1

(®<s1:D
(oD s11

PIF 16D
1T +2TST

WD LD
(D611

YLFLSD
I F 9611

61 F85:D (®€r:d
: (T s11

D91
@nora

0T +8¢D
01 * ¥¥ 1

(To) sv'0
(SO 1

LTF6vD
PIFIST

erensny

vsn

uely

euy)

euIy)

0102 Yoy

9007 ‘ussueyof

020z “mnodpryswef

020¢ ‘Sueny

610C ‘nH

juauaInsea awoNnO

UOTIUSAIIUT

yoom 1od
Kouanb

-1

uoneInq

adAy, syiuow ‘oFejura SISATeI(]

s1eak ‘a3y  (orewn) azis opdureg

Anuno)

Ieok ‘IoyIne ISIy

(ponunuoo) | sjqey

pringer

Qs



1921

Quality of Life Research (2022) 31:1915-1932

9SI0IOXI ON 1D
UoISSas
1od urw )9—(¢ “oress s1og
$1—¢1 I0J A[oatssaidord
sowre3 (YA) ANeay [em
-ITA M PaUIquIod XHY I
9SI0IOXI ON] 1D
SOSI0IOX? YISuaIs [0
-snw udy) ‘(deIOpPoW = ¢)
9[edos 310g payipowr
A PIM DT i Og
‘dn-wrem DL W ¢ :f

4S-1000Y

9¢-dS
951010%9 Sumydlans D
uru () pue (g uaamioq
PALIEA SUOISSAS oY) JO
uonenp ayJ, ‘9[qissod se
suonnjadar Auew se WOy
-194 "YpSuams 9[osnur ut
9sBAIOUT 2y} 0 SUIPIOdIE.
ApP[oam parsnipe axom
Speo[ Jururen {s9S1010Xd
AS-TOOSL 9AY PIA[OAUI UOISSIS Yoe ]
ares fensn) :D
UMOpP-[00d UTW G pue
spueq onse[d SuIsn Xgy
9¢-AS U ¢ ‘dn-wirem umw g :
9SI019X3 ON] :D
X{Y pue
YeaIq U G USY) JY ¢l
ST—ET AdY Wim stsk[e
-IpOWY JOJ JOU WLIE d)
pue s39[ y10q UO SIYIrom
1JOS puUE Spueq JOUE)SISAI
onse[o ursn Xy oNAeIp
-enur jo sadA) auru ‘xTy 71
Suroko 1no
-prom-ysod utw G ‘g1-11
Hdd Pm DI v 0

dS-1000Y ‘dn-wirem umw ¢ “qv <11

€

€

Syoom 71

Syoam /]

Syoom 71

Syoom 71

syoom 7]

JA 6€+95:D
+XHd Y€+ €91

[ARAsAe]
SIFo6t1

IT+2rD

g0 VN 0l F Sy 1

vy F €S D
X4y 6€ F o 1

CILFLSD
IT+8¥°1

X4y P F0SD+I €1 F19:D+1

e IT+¢5D
8¢l TT1+09:€l
¥l 6 F v Tl
SHI  TIF9S:I

o]
X4y
qav

0~ O cn
HHH oA

01N oz:D
(Tn ozt

@®11:0
(®) 111

(€D 0TD
® v

(¥ 8€:D
WD 6€ 1

@wero
(8) ¢ €1
(o1
@ 11:11

nzeig

[1zeig

nzeig

euy)

BAIOY

610C ‘preukey

10T ‘UeSAUIIRIA

610z ‘sodo]

L10T I

020T 991

juauaInsea awoNnO UonuaAINuUY

yoom 1od
Kouanb

-1

uoneInq

adAy, syiuow ‘oFejura SISATeI(]

s1eak ‘a3y  (orewn) azis opdureg

Anuno)

Ieok ‘IoyIne ISIy

(ponunuoo) | sjqey

pringer

a's



Quality of Life Research (2022) 31:1915-1932

1922

9SI0I9X3 ON 1D
uonnedal yore uoamiaq
1S9I Jo urwr | yirm Sunjiy
-)yS1om ap[ue Jo suonna
-dar g Jo s1es ¢+ 9V :AD
9reos S1og ¢
01 TT Yitm DT Uit O¢ “HV
0qadeld D
dd¥d ¥1
01 Z[ 18 XY Inoj Jo spueq
onse[d pue s)y3rom Juisn
suonnedar GT JO $19S € ]

4S-100aM

9¢-dS
9SIOIAX? WRYS D
Uorssas
1od urw (G—(f ‘poIINdd0
QIn[rej ATejuswowr [Hun
suomnnadar powoyrod
$309[qns ‘)9S om) uI suon
-nadar gz—G1 Sururen
9¢-AS Q0UB)STSAT QAISSAIT0I] ]
QuUO[e SISA[eIpPOWRH D)
Ayoeded ylom wnwirxew
1113 JO %05-01 e DAL
JO sJnoq uru GJ 921y,
ores 1ens() D
9reos diog
JO L]=G[ wnuurxeur yim
2T utw (¢ 03 A[fenpess
“9SIOIOXD QOUR)SISAI-OU JO
Ul ¢ 03 0] Yyam payres -
ares rens() 1D
S9SI0I9% AN[IqQT
-Xoj pue Suruayi3uans
U ()¢ pue ‘umop-[oodo
Ul G 4 1—¢[ 9[eos s, 3og
s Hr v 09-0¢
‘dn-wwrem urw ¢ :p

9¢-dS

9¢-dS

9¢-dS

4

€

€

€

€

€

syoam 7]

SYOOM T

syoam 7]

Syoam §

sypuowr G

syjuow ()|

(S€0) 09:D
gD (861) 81
av (881) 8% :11

wwFyS D
Xdd SeFLET

0C+8CD
X3y ST+8II

9T F 6v:D

av ST+ S¢I

ELFT9D
qav STF ¢TI

TLF €01:D
g0 ¥8 F 61

(8D 8€:D
(19 9¢ “T1
(80) LE 1T

II+16D
Y1 F 9y T
I F0S 11

L8D
apLra

LTF09:D
81 F S 11

€D ¥TD
(02) 821

91 FLSD
[N

®LD
©91

STF 6D
LT+ 091

® v1:D
©ora

01 F €7D
1 F 87

(EDPID
wnera

CLFISD
91 + L1

BISQUOpU]

uredg

nzerg

epeue)

vsn

900210

610 ‘ouolpreyng

600¢ ‘DIO-eIm3og

810C ‘®s0y

£00¢ ‘suosied

200C “Iorured

600¢ ‘unoznQ

juauaInsea awoNnO UonuaAINuUY

yoom 1od
Kouanb

-1

uoneInq

adAy, syiuow ‘oFejura SISATeI(]

s1eak ‘a3y  (orewn) azis opdureg

Anuno)

Ieok ‘IoyIne ISIy

(ponunuoo) | sjqey

pringer

Qs



1923

Quality of Life Research (2022) 31:1915-1932

areod fens() D
sonseuwA3 ourdns SulA]
9¢-dS padofoaop-j[as urw G|
Suryojens orduwg :H
91— JO 21008
s10g ‘D[ Jo urw 1T
4S-1000¥ pue dn-wirem Ut g :
QUOJE SISA[RIPOWRH D)
ddd 91-CI
Pim Ddr i 0e—0¢
"UMOP-[00D UTW ()[—G
pue ‘Sururen yI3uons
s1sATerp-oxd urw (g
9¢-ANVY ‘dn-wrem urar -6
S9s1010X9 Suryolens D
G pue ¢ usamlaq
$2100s s3uner 3iog
urejurew o A)[Iqe I9Y/SIy
Kq paystiqelse se juoned
[9B3 JO 90ULID[0) AY) O}
Surpioooe jos sem JYITom
oy, ‘suonnadar O Jo s19s
201} YoM Z[—7 ‘OSIOIOXD
yoea Jo suonnader Oy Jo
O¢-JS 198 OM] YoM ISIY oy U ]
[0IU0D UONUANY D
2V + X3 9D €1
s30s8 921y} 03 dn
suonnadal G1—QT JO 39S |
woI1j passarford sasTo1axa
‘G4 uo paseq "Ayaerd
jsureSe sISIOIAXA A} JO
198 T Jo dn-uwrem e ‘xqY :7[
Yoom yoed
unu ¢z Aq pasearour swn
PIM U G LM pajIels
N T1-6 JO 4y Wm 9d1
JO UMOP-[002 UIW G pue

dS-1000Y ‘dn-wirem umw ¢ “qv <11

€

€

e+ 9¢ D

syjuow 9 - SONSeUA3 YCF €T 1

0€ ¥ 0¥:D

SYeam 71 qav LE F 961

ESFLYD

SYoam T q40 67 F 6¢ 1

(0SD L¥:D

SYoam T X4y (Len T8 1

(09) o D

o] (00) S¢ €1

X4y o ve Tl

S3oam T qav (90 ¥i11

€I +96D
€1 F2S6

(6) v¥:D
(D svi1

91 +8S D
SIFTST

IT+09:D
I For il

(6D 6v D
(€1) 09 :€1
(S€) 09 ‘1
(90) L9111

Lnog:d

(CD6T1 BUIYD

(80D €€D

Lozeet BUyD

(([3X32e)
(8€) €G T SPUBMISYION

®crd

(G4 [1zeig

(L) 8D
(€) 8 €I
) LTl
(8)8:11

epeue)

910T ‘nX

10T M

S00T ‘URIASTIA

0T0T S1BA

910¢ ‘uosdwoy,

juauaInsea awoNnO UonuaAINuUY

yoom 1od
Kouanb

-1

uoneIn( adAy, syiuow ‘oFejura SISATeI(]

s1eak ‘a3y  (orewn) azis opdureg

Anuno)

Ieok ‘IoyIne ISIy

(ponunuoo) | sjqey

pringer

a's



Quality of Life Research (2022) 31:1915-1932

1924

J[qe[TeAe JoU YN ‘Sururer) aposnw Arojexidsur 77 ‘3ur[oAd onAerpenut H(gj ‘Uoniaxa
paA1eo1ad Jo Sunel Fgy ‘9SI0IoxXe PaUIqUIOD 7)) ‘9SIOIXd OURISISAI XFY ‘OS10IaxXe d1qoioe Fy ‘cdnoid uonuaaiour g7 ‘zdnois uonuoardul g7 ‘1dnoiS uonusAIsiuI 77 JONUO0D ) ‘UOTIUSAIIUL |

(oSuer o[nrenbiojur) UBIPOW IO UOISIAIP PIEPUR)S F UBAW YIIM Pamoys aSejuta sis[erp pue oSy

9¢-dS

9¢-100aM

9¢-T00H

cl-ds

9¢-dS

aIed [ens() D
umop
-[00 urw G + Sururern
QOUB)SISAI UTW G +SAT
ur ¢—¢ +2dI
urw )z +dn
-uLrem uru G ‘g0 1zl
UMOp-[00d
Ul ¢ pue Jy i ¢¢
‘dn-wrem utw G ‘gv i1
Quo[e SISA[eIPOWRY D
urw ()g—(0g 9SI0I9X9 10
9[eos 310g 9yl Uo 10
pue ‘(ur ¢) uMop-[00d
pue (urw G) dn-wrem 1oy
01-8 Jo Suner g4y ‘suon
-nada1 71— 1 JO 198 9211}
‘syoom Y319 1XaU Y} Ul
oM B 9OLIY) pUeB JUdW
-oA0W Yoea jo suonnadax
01—8 JO S19s 0Mm] “p—1
NO9M UT oM B 9JIM], ]
9SI0IOX? Weys D
[eATo)uT QW) Funsax
Jo s 09 ym suonerrdsur
[ewiIXew G JO $19S I, i
ared [ens() D
uru ()¢ Iseaf e
Y1=CI JO ddy Wim DAl ‘1
aIed [ens() D
umop
-[ood utw ¢ pue ¢1—[ [
Jo 9reos 31og yim DAL
umu (g ‘dn-urrem urw G ;|

€

syoam 7]

syoeom 7]

syoam §

syuow 9

syoom 7]

81 F6CD
340 1T F 6¢ Tl
qav 0T+ Ce 1

09 1€:D
Xddq (99) 6€ '

6 FSLD
LIAI 89 F €81

O L1:D
av Is)era

9r'1¢) 0D
av (LL'92) 96 T

TLFWD
(AR Y4
ST+ vy 11

wD 79D
(CD 091

IL+6v:D
L+ 6SS0

IT+69:D
€1 F 6651

CL+29D
0T 91

(®)S1:D
NSt I
DSt 11

(CraR7 0]
Loert

(€D 1TD
(8D €T1

D 61D
(TDe61 1

(D 8T:D
(ST 8T1

BUD 020T ‘o'yZ

euy) 020 ‘3ueyz

pue[rey], 007 ‘emreyosuolusang

3N 020¢ ‘Sunox

BUmgD 810T &

juauaInsea awoNnO

UOTIUSAIIUT

yoom 1od
Kouanb

-1

uoneInq

adAy, syiuow ‘oFejura SISATeI(]

s1eak ‘a3y  (orewn) azis opdureg

Anuno) Teak ‘I0TINE ISIL]

(ponunuoo) | sjqey

pringer

Qs



Quality of Life Research (2022) 31:1915-1932

1925

of compliance ranged from 61% [53] to 100% [18, 30, 31,
51].

Fourteen studies included aerobic exercise, most of
which involved pedaling a fixed cycle ergometer during
haemodialysis. Thirteen studies utilized resistance exer-
cise, which included leg exercise performed with ankle
weights, dumbbells, elastic bands, or training machines.
Nine studies included combined aerobic and resistance
exercise, and four of those studies compared aerobic exer-
cise, resistance exercise, or combined aerobic and resist-
ance exercise with the interventions in the control group.
Three studies included other types of exercise, which
involves resistance exercise combined with virtual reality
[40], inspiratory muscle training [33], and supine gymnas-
tics [48]. The interventions in the control group generally
involved usual care.

Outcomes measured

The outcomes were assessed using the following instru-
ments: SF-36 (21 studies), KDQOL-SF (7 studies),
KDQOL-36 (3 studies), SF-12 (1 study), and RAND-36 (1
study). Three studies did not report data on HRQOL, but we
obtained the data from the authors via email [32, 39, 49].

Results of risk of bias assessment

The included studies had some concerns (N=16) to high
risk (N=17) of bias. The risk of bias of the included studies
is shown in Fig. 2.

Generic HRQOL assessed by SF-36 and SF-12

The pooled effect showed that IDE improved the PCS
and most of the domains of generic HRQOL. A subgroup
analysis showed that aerobic exercise effectively improved
more domains of generic HRQOL, followed by resistance
exercise, other types of exercise, and combined aerobic and
resistance exercise. The results also showed that all four
types of IDE could significantly increase PF but could not
relieve bodily pain (BP). See Table 2 and Appendix 2.
Nineteen studies, which included 861 participants,
assessed the effectiveness of IDE on the PCS and MCS
compared to the control group. The pooled analysis
showed that IDE had a significant positive effect on the
PCS (SMD=0.40, 95% CI0.22, 0.58, I’=36%) but not on
the MCS (SMD=0.19, 95% CI — 0.01, 0.38, F=47%). A
subgroup analysis showed that all types of IDE improved
PCS, but only resistance exercise had a positive effect on
the MCS. Twenty-one studies assessed the effectiveness
of IDE on PF. The pooled results showed that IDE had a
statistically positive effect on PF (SMD =0.58, 95% CI
0.36, 0.80, =61%). A subgroup analysis showed that all

types of IDE significantly improved PF. Seventeen studies
assessed the effectiveness of IDE on role physical (RP). The
pooled results indicated that IDE significantly affected RP
(SMD=0.61, 95% CI 0.21, 1.02, I’=86%). A subgroup
analysis showed that aerobic exercise and other types of
exercise positively affected RP. Eighteen studies assessed
the effectiveness of IDE on BP. The pooled results revealed
that IDE did not significantly relieve BP (SMD=0.13, 95%
CI — 0.02, 0.28, ’=12%). A subgroup analysis revealed
that no IDE type could positively affect BP. Eighteen studies
assessed the effectiveness of IDE on general health (GH).
The pooled results indicated that IDE positively affected
GH (SMD=0.56, 95% C10.32, 0.80, ¥ =61%). A subgroup
analysis revealed that aerobic exercise and other types of
exercise positively affected GH. Eighteen studies assessed
the effectiveness of IDE on VT. The pooled analysis showed
that IDE positively affected VT (SMD=0.61,95% CI 0.41,
0.81, P=48%). A subgroup analysis showed that aerobic
exercise and resistance exercise positively affected VT.
Eighteen studies assessed the effectiveness of IDE on social
functioning (SF), role emotional (RE), and mental health
(MH). The pooled analysis showed that IDE had a signifi-
cantly positive effect on SF (SMD=0.39, 95% CI 0.08, 0.70,
F=77%), RE (SMD=0.47, 95% CI 0.09, 0.86,  =85%),
and MH (SMD =0.27, 95% CI 0.04, 0.49, P =57%). A sub-
group analysis revealed that aerobic exercise could signifi-
cantly improve SF; resistance exercise could significantly
improve MH; and combined aerobic and resistance exercise
could significantly improve RE (Table 2, Forest plots, see
Appendix 2).

Kidney-specific HRQOL

The meta-analysis included eight studies reporting on 11
domains of kidney-specific HRQOL. Because of the limited
number of studies on some domains, subgroup analyses were
conducted only in terms of SPL, EKD, and BKD. The pooled
effect showed that IDE could ameliorate SPL (SMD =0.38,
95% CI1 0.05, 0.71, F=65%), EKD (SMD =0.41, 95% CI
0.03, 0.79, I’ =73%), and the quality of social interaction
(SMD=0.28, 95% C10.04, 0.51, P= 0%). However, accord-
ing to the subgroup analyses, none of these four types of IDE
could effectively improve SPL, EKD, and BKD. Further-
more, the positive impact of IDE on the other eight domains
of kidney-specific HRQOL was not significant (Table 3, For-
est plots, see Appendix 2).

Sensitivity analysis
Sensitivity analyses were conducted to examine the influ-

ence of the results on studies judged as having a high risk
of bias by their removal from the total pooled effect. No
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Study ID
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Fig.2 The risk of bias of the included studies
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Table 2 The pooled effect of IDE on generic HRQOL

OE

Total (IDE)

N=6,n=208, P=0%
SMD=0.50 (0.22, 0.77),

N=6,n=208, ’=22%
SMD=0.11 (- 0.21,
0.43), p=0.51
N=4,n=176,P=41%
SMD =0.49 (0.05, 0.92),

N=4,n=176, F=0%
SMD=0.21 (- 0.09,
0.50), p=0.18
N=4,n=176, F=0%
SMD=0.07 (- 0.22,
0.37), p=0.63
N=4,n=176, I*’=58%
SMD =0.42 (- 0.10,
0.93), p=0.11
N=4,n=176, >=59%
SMD=0.52 (- 0.01,
1.04), p=0.05
N=4,n=176, F=0%
SMD=—0.13 (- 0.43,
0.17), p=0.39
N=4,n=176, ’=0%
SMD =0.34 (0.04, 0.64),

AE REx CE
PCS N=7,n=226,"=44% N=8,n=364,’=0%
SMD=0.41 (0.03,0.79), SMD=0.23 (0.02, 0.44),
p=0.03 p=0.03 p<0.01
MCS N=7,n=226,"=0%  N=8,n=364, ’=28%
SMD=-0.11 (- 038,  SMD=0.28 (0.03, 0.54),
0.16), p=0.42 p=0.03
PF  N=9,n=356,P=72% N=17,n=300, ’=58%
SMD=0.62 (0.19, 1.06), SMD=0.53 (0.16, 0.90),
p<0.01 p<0.01 p=0.03
RP  N=8,n=332,"=90% N=4,n=196,*=0%
SMD=0.97 (0.17, 1.78), SMD=0.10 (- 0.19,
p=0.02 0.38), p=0.50
BP  N=8,n=332,FP=46% N=5,1n=220,1"=0%
SMD=0.01 (- 0.30, SMD=0.21
0.32), p=0.95 (- 0.05,0.48), p=0.12
GH N=8,n=332,=44% N=5,1n=220,1"=79%
SMD=0.73 (0.41, 1.05), SMD=0.47 (- 0.15,
p<0.01 1.09), p=0.14
VT  N=8,n=332,=47% N=5n=240,=0%
SMD=0.79 (0.47, 1.12), SMD=0.37 (0.12, 0.63),
p<0.01 p<0.01
SF N=8,n=332,P=74% N=5n=220,I"=69%
SMD=0.61 (0.15, 1.07), SMD=0.19 (- 0.31,
p=0.01 0.69), p=0.45
RE N=8,n=332,P=93% N=5n=220,P=19%
SMD=0.74 (- 0.18, SMD=0.23 (- 0.07,
1.67), p=0.12 0.53), p=0.13 p=0.02
MH N=8,n=332,P=56% N=51n=220,=19%

SMD=0.35 (0, 0.70),
p=0.05

SMD=0.44 (0.13, 0.74),
p<0.01

N=4,n=176, P=0%
SMD=0.26 (- 0.06,
0.54), p=0.11

N=3,n=143, P=74%
SMD=0.71 (0.03, 1.38),
p=0.04
N=3,n=143, ’=78%
SMD =0.26 (- 0.46,
0.99), p=0.47
N=2,1n=99, P=0%
SMD=0.62 (0.22, 1.03),
p<0.01
N=2,n=99, P=0%
SMD =0.65 (0.24, 1.05),
p<0.01
N=2,n=99, "=65%
SMD =0.23 (- 0.45,
0.92), p=0.50
N=2,n=99, P=0%
SMD=0.68 (0.27, 1.09),
p<0.01
N=2,n=99, "=67%
SMD=0.71 (- 0.02,
1.43), p=0.06
N=2,n=99, ?=88%
SMD=0.83 (- 0.41,
2.08), p=0.19
N=2,1n=99, P=0%
SMD=0.28 (- 0.12,
0.68), p=0.17
N=2,n=99, *=72%
SMD=-0.36 (- 1.13,
0.42), p=0.37

N=19, n=861, >=36%
SMD =0.40 (0.22, 0.58),
p<0.01
N=19,n=861, P=47%
SMD=0.19 (- 0.01,
0.38), p=0.06
N=21,n=916,?=61%
SMD =0.58 (0.36, 0.80),
p<0.01
N=17,n=788, ?=86%
SMD=0.61 (0.21, 1.02),
p<0.01
N=18,n=812,P=12%
SMD=0.13 (- 0.02,
0.28), p=0.10
N=18,n=812,’=61%
SMD =0.56 (0.32, 0.80),
p<0.01
N=18,n=832, P=48%
SMD=0.61 (0.41, 0.81),
p<0.01
N=18,n=812, P=77%
SMD =0.39 (0.08, 0.70),
p=0.01
N=18,n=812,’=85%
SMD =0.47 (0.09, 0.86),
p=0.02
N=18,n=812, P=57%
SMD =0.27 (0.04, 0.49),
p=0.02

IDE intradialytic exercise, HRQOL health-related quality of life, AE aerobic exercise, REx resistance exercise, CE combined aerobic and resist-

ance exercise, OF other forms of exercise, PCS physical component summary, MCS mental component summary, PF physical functioning, RP
role physical, BP bodily pain, GH general health, VT vitality, SF social functioning, RE role emotional, MH mental health, N number of included

studies, n number of participants, SMD standardized mean difference

significant difference was found in most of the total results
except for SF, RE, and EKD, for which the results from the
sensitivity analyses were insignificant (P >0.05).

Discussion

The findings of this study indicate that IDE could ameliorate
both generic and kidney-specific HRQOL. Specifically, we
found that IDE could improve the PCS and most domains
of HRQOL, including PF, RP, GH, VT, SF, RE, and MH
on the SF-36; SPL, EKD, and the quality of social interac-
tion regarding KDQOL. The subgroup analysis showed that
aerobic exercise could improve more domains of generic
HRQOL compared to other types of IDE. However, we need
to be cautious when interpreting the study results due to the
moderate-to-high risk of bias for the included studies.

In line with published meta-analyses, the current meta-
analysis found that IDE improved the PCS in MHD patients
but not the MCS [22]. Nonetheless, the effect of IDE on the
PCS and MCS in patients undergoing MHD was inconclu-
sive, which may have been due to differences in inclusion
criteria. For instance, Huang et al. [23] and Salhab et al. [21]
found that IDE could improve the MCS in MHD patients.
However, Huang et al. [23] included seven studies, and one
exercise was conducted pre-dialysis [59], while Salhab et al.
[21] included five studies, of which the design of one study
was a non-RCT [60]. We are more confident with our results
because the number of studies included in this meta-analysis
was larger than in any similar published meta-analysis, and
all included studies were RCTs [20, 21, 23, 24]. Therefore,
when we interpret the effects of varied meta-analyses, we
should consider the reliability of the evidence and the scope
of the application.

This meta-analysis indicated that the PCS and its
related domains (PF, RP) were more likely to improve
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Table 3 The pooled effect of

. . Domains
IDE on kidney-specific HRQOL

Total effect

Symptom/problem list
AE
REx
CE
OE
Effects of kidney disease
AE
REx
CE
OE
Burden of kidney disease
AE
REx
CE
OE
Work status
Cognitive function
Quality of social interaction
Sleep
Social support
Dialysis staff encouragement
Patient satisfaction

Sexual function

N=8, n=454, P=65%, SMD=0.38 (0.05, 0.71), p=0.02
N=2, n=140, P=90%, SMD=0.76 (- 0.37, 1.89), p=0.19
N=3,n=162, P=68%, SMD=0.24 (— 0.34, 0.83), p=0.42
N=2,n=106, P=0%, SMD=0.28 (- 0.11, 0.66), p=0.16
N=2,n=84, =0%, SMD=0.21 (- 0.22, 0.64), p=0.35
N=8, n=454, P=73%, SMD=0.41 (0.03, 0.79), p=0.04
N=2,n=140, P=87%, SMD=0.79 (- 0.20, 1.77), p=0.12
N=3,n=162, P=82%, SMD=0.32 (- 0.46, 1.10), p=0.42
N=2,n=106, P=35%, SMD=0.17 (- 0.33, 0.67), p=0.49
N=2,n=84, =48%, SMD=0.32 (- 0.28, 0.93), p=0.29
N=8,n=454, P=72%, SMD=0.14 (- 0.23,0.51), p=0.46
N=2,n=140, P=0%, SMD=— 0.03 (- 0.36, 0.30), p=0.86
N=3,n=162, P=89%, SMD=0.18 (- 0.86, 1.23), p=0.73
N=2,n=106, P=79%, SMD =0.08 (— 0.83, 0.99), p=0.87
N=2,n=84, P=0%, SMD=0.28 (— 0.15,0.71), p=0.21
N=4,n=180, P=52%, SMD=0.14 (- 0.29, 0.57), p=0.53
N=5,n=291, F=23%, SMD=0.01 (- 0.27, 0.28), p=0.97
N=5,n=291, P=0%, SMD=0.28 (0.04, 0.51), p=0.02
N=4,n=180, P=75%, SMD=0.53 (- 0.08, 1.15), p=0.09
N=4,n=180, F=0%, SMD=0.26 (- 0.04, 0.55), p=0.09
N=4,n=180, P=61%, SMD=0.43 (- 0.05, 0.92), p=0.08
N=4,n=180, P=85%, SMD=0.26 (- 0.53, 1.06), p=0.52
N=3,n=146, P=0%, SMD=0.13 (- 0.20, 0.45), p=0.44

IDE intradialytic exercise, HRQOL health-related quality of life, AE aerobic exercise, REx resistance exer-
cise, CE combined aerobic and resistance exercise, OF other forms of exercise, N number of included stud-
ies, n number of participants, SMD standardized mean difference

than the MCS and its associated domains (RE and MH)
via IDE. All types of IDE could improve PF with medium
effect sizes, and two kinds of IDE could improve RP with
medium-to-large effect sizes. For the domains with more
significant correlations with the MCS, only one type of
IDE could improve one domain, with a small-to-medium
effect size (combined aerobic and resistance exercise
for RE; resistance exercise for MH; aerobic exercise for
SF). The results of this meta-analysis were consistent
with those of the SF-36 measurement model, indicat-
ing that domains with higher loadings on the PCS (PF,
RP) could more easily be improved by interventions that
change physical capacity [19], and IDE could significantly
improve physical capacity (e.g., 6-min walk test, sit-to-
stand 30, and grip strength) [14, 20]. However, domains
with higher loadings on the MCS (RE, MH) responded
most to interventions targeting MH rather than physical
capacity [19]. Nevertheless, strategies to improve MH for
MHD patients need to be explored, given that lower MH
was a predictor of death and hospitalization for this popu-
lation [13].

It should be noted that there is no evidence that IDE can
relieve BP. It has been reported that pain is prevalent in 50%

@ Springer

to 82% of MHD patients and that up to 75% of patients are
treated ineffectively [61]. Musculoskeletal pain is the most
common symptom of chronic pain syndromes in patients
with ESRD [62]. Although exercise has been recommended
as the first-line conservative management to control BP for
MHD patients [61], the results of this meta-analysis showed
that no IDE could relieve BP. This suggests that IDE has a
limited effect on BP, or the assessment tool (SF-36) for BP
may not be the best way to measure the impact of IDE on
BP in this population. Further intervention studies should
include a more specific instruments to measure musculo-
skeletal pain among patients with ESRD.

The results of this study indicate that aerobic exercise
could ameliorate five of eight domains of generic HRQOL,
with medium-to-large effect sizes. Several explanations may
help us understand why aerobic exercise has a more notice-
able effect than other forms of IDE for improving HRQOL.
First, aerobic exercise requires less supervision or fewer
reminders from healthcare providers than other forms of
IDE [6]. Second, aerobic exercise can be easily conducted
and may achieve higher compliance [6]. Third, the published
meta-analysis showed that aerobic exercise had greater suc-
cess at improving the aerobic and physical capacities of
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MHD patients [14]. Therefore, aerobic exercise may be the
most preferred type of IDE for improving HRQOL in MHD
patients.

Integrating the findings regarding kidney-specific
HRQOL, a small-to-medium effect size improvement was
observed for three domains. However, subgroup analysis
for these domains showed no significant improvement in
any of the four types of IDE. IDE could improve the dia-
lytic effect and aerobic capacity, which would reduce the
adverse impact of ESRD, improve SPL, and reduce EKD
[14, 22]. In addition, the quality of social interaction in the
KDQOL-SF was assessed by three items reflecting the inter-
action of MHD patients with those around them [11]. During
the implementation of IDE, MHD patients need to interact
with the healthcare provider, which may help them better
interact with others and improve the quality of their social
interaction.

The results of this meta-analysis indicate that some
domains of kidney-specific HRQOL could not be enhanced
by IDE, including BKD, work status, cognitive function,
sleep, social support, dialysis staff encouragement, patients
satisfaction, and sexual function. Therefore, we should
consider improving the above domains of kidney-specific
HRQOL to help MHD patients attain happiness in life.

Implications for practice and research

This systematic review identified the positive effect of IDE
on the domains of HRQOL in MHD patients. The study
results will help MHD patients, healthcare providers, and
policymakers understand that IDE does have beneficial
effects on HRQOL. Aerobic exercise could improve more
domains of HRQOL compared to other types of IDE, and
aerobic exercise could be easily conducted during dialysis
[6]. Thus, we recommend aerobic exercise in more MHD
patients in clinical practice. In addition, patients undergoing
MHD who wish to improve their physical capacity are highly
recommended to conduct IDE, for IDE could significantly
increase physical performance and its related domains of
HRQOL [14, 23]. In the meantime, strategies to improve
the MCS and its related domains, BP, and kidney-specific
HRQOL, in MHD patients need to be explored. These com-
ponents and domains of HRQOL were key indicators in the
death and hospitalization of this population [13].

Several aspects could be studied to improve the under-
standing of the effect of IDE on HRQOL in MHD patients.
Since IDE is an effective way to enhance most domains of
HRQOL for patients undergoing MHD, it may play a posi-
tive role in improving survival rates and decreasing hos-
pitalization rates [13]. This hypothesis calls for further
verification in future clinical trials. In addition, there is
a need to explore the various effects of different levels of
intensity, frequency, duration, as well as the type of IDE

for the different domains of HRQOL [14]. In the meantime,
considering the increased risk of bias if clinical trials fail in
participant blinding, the methodology of clinical trials needs
to be improved [28]. Lastly, although IDE implementation
will benefit MHD patients, it also needs time, equipment,
and human resources [6]. Therefore, a cost-effectiveness
analysis for IDE is required.

Strengths and limitations

This study provides a comprehensive review and meta-anal-
ysis of the effectiveness of IDE on MHD patients in terms of
the various domains of HRQOL. Moreover, the results from
the subgroup analyses help in understanding the different
effects of IDE on HRQOL in MHD patients. Additionally,
compared with the existing meta-analysis focusing only on
the PCS and MCS, the analysis of eight domains of generic
HRQOL in this review provided a deeper understanding
of the effect of IDE on MHD patients. Furthermore, this
meta-analysis explored the effects of IDE on kidney-specific
HRQOL, which was not discussed in the published meta-
analysis. Finally, a comprehensive search strategy and rigor-
ous criteria were set to select RCTs for evaluation, thereby
increasing the reliability of the conclusions of this study.

Some limitations of this review should not be neglected.
Only Chinese and English articles were included in this
study, which might have missed studies published in other
languages. Additionally, the included RCTs had some meth-
odological weaknesses. Due to the characteristics of exercise
intervention trials, most of the included RCTs were unable to
implement the blinded participant method, which may affect
the validity of the results. Furthermore, every IDE may vary
in the training process, frequency, duration, and intensity,
leading to heterogeneity. The limitations mentioned above
should be considered when interpreting the findings of this
study.

Conclusion

IDE can improve most generic and some kidney-specific
HRQOL in MHD patients, but different forms of IDE may
have varied effects. The results of this study show that aero-
bic exercise may be more effective improvement of HRQOL.
IDE can more easily enhance the PCS and PF but not the
MCS and BP. More well-designed RCTs comparing the
effect and safety of different IDE types on HRQOL need to
be conducted.
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