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ABSTRACT

Objective To conduct an overview of meta-analyses
evaluating the impact of exercise interventions on
improving health outcomes in patients with chronic kidney
disease (CKD).

Design An umbrella review of systematic review and
meta-analyses of intervention trials was performed.

Data sources PubMed, Web of Science, Embase and the
Cochrane Database of Systematic Reviews were searched
from inception to 9 March 2021 for relevant articles.
Eligibility criteria for selecting studies Eligible meta-
analyses compared the effects of usual care with and
without exercise in patients with CKD. Health outcomes
included those related to cardiovascular risk factors,
physical fitness, dialysis-related symptoms, dialysis
adequacy and health-related quality of life. Systematic
reviews and meta-analyses that included fewer than 3
RCTs or fewer than 100 participants were excluded from
the analysis.

Results A total of 31 eligible systematic reviews

and meta-analyses were included that assessed 120
outcomes. For physical fitness, there was a moderate
effect size for cardiorespiratory fitness, muscle strength
and body composition and small effect size for muscle
endurance. The effect sizes for cardiovascular risk factors,
dialysis-related symptoms and health-related quality

of life outcomes were small. According to the Grading

of Recommendations Assessment, Development and
Evaluation framework, most outcomes were low or very
low quality.

Conclusion Exercise appears to be a safe way to affect
concomitant cardiovascular risk factors, such as blood
pressure, improve physical fitness and health-related
quality of life and reduce dialysis-related symptoms in
patients with CKD.

PROSPERO registration number CRD42020223591.

INTRODUCTION

Chronic kidney disease (CKD) is a long-
term condition characterised by the gradual
loss of renal function over time.' In the past
30 years, the mortality attributed to CKD
increased by 41.5%, a percentage rate that

STRENGTHS AND LIMITATIONS OF THIS STUDY

= A strength of this study is to comprehensively sum-
marise the systematic review and meta-analysis of
exercise interventions on the spectrum of chronic
kidney disease.

= Methodological quality of the included reviews was
assessed using standardised measures.

= The limitation of this overview is that language bias
may exist in this review because the search strategy
was limited to English.

= Another limitation was that most studies were
based on haemodialysis-dependent chronic kidney
disease.

of hypertension, diabetes and obesity, this
number will continue to rise.”* Patients with
CKD experience a high symptom burden
with progressively impaired physical perfor-
mance, leading to decreased kidney function,
lower health-related quality of life (HRQOL),
increased risk of cardiovascular events and
increased all-cause mortality.”

With an increasing number of patients
with CKD living longer, the effectiveness and
accessibility of their health services have never
been more critical. Renal rehabilitation is a
multifaceted intervention programme. Reha-
bilitation consists of exercise interventions,
diet control, fluid management and psycho-
logical support to alleviate physical/mental
deficiencies caused by kidney disease and
renal replacement therapy to improve disease
prognosis and prolong life expectancy.” Since
exercise is the core of renal rehabilitation,
there is an increasing number of systematic
reviews and meta-analyses investigating the
influence of exercise on health outcomes in
patients with CKD."

Data from large cohort studies show that
mortality risk was lower for regular (equal to

Dr Huachun Zhang; exceeds several cancers and cardiovascular  or more than once/week) versus non-regular
Ihhlky@163.com diseases.? With the increasing incidence  (less than once/week) exercisers (adjusted
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HR=0.73, 95% CI: 0.69 to 0.78), and mortality risk tended
to decrease as exercise frequency increased (HR for
participants who exercised once/week=0.82, 95% CI: 0.73
to 0.91; HR for those who exercised 6—7 times/week=0.69,
95% CI: 0.63 to 0.76) and patients who exercised daily had
lower mortality risk (HR=0.84, 95% CI: 0.74 to 0.96) than
patients exercising once/week.” Based on data from 41
randomised controlled trials (RCT), Heiwe et al reported
practical improvements in aerobic capacity, muscular
function and walking capacity in patients with CKD after
exercise,'” indicators that are the core of frailty."' In
other words, exercise is an essential non-pharmacological
strategy to improve frailty symptoms in patients with CKD,
the latter being a significant cause of sedentary behaviour
in such population.'” Because of this, some researchers
and guidelines recommend that healthcare providers
prescribe exercise for patients with CKD.'*® However,
the results of meta-analyses of exercise in patients with
CKD are inconsistent.

This umbrella review aims to assess the therapeutic
effects of exercise on cardiovascular risk factors, physical
fitness, dialysis-related symptoms, dialysis adequacy and
HRQOL in patients with CKD, summarised in systematic
reviews and meta-analyses.

METHODS AND ANALYSIS

This umbrella review follows the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines.l7 The review was prospectively registered
(PROSPERO: CRD42020223591), and the protocol for
this review was published.'®

Patient and public involvement

Patients and/or the public were not involved in the
design, or conduct, or reporting, or dissemination plans
of this research.

Literature search

A comprehensive search strategy was performed to identify
systematic reviews and meta-analyses of patients with CKD
that compared usual care procedures with and without
exercise interventions. PubMed, Embase, the Cochrane
Database of Systematic Reviews and the Web of Science
were searched for systematic reviews and meta-analyses
from inception to 9 March 2021. The detailed search
strategy is summarised in online supplemental table S1.
The references of existing systematic reviews were also
screened. Any reviews considered potentially relevant by
authors were retrieved for further consideration.

Eligibility criteria

Eligible systematic reviews and meta-analyses included
those (1) where patients were diagnosed with CKD at
various stages of treatment; (2) that compared exer-
cise interventions with sham/no exercise or usual/
standard care; (3) that reported outcomes on at least
one of the following: cardiovascular risk factors (blood

pressure), physical fitness, dialysis-related symptoms, dial-
ysis adequacy and HRQOL. The methods to assess each
outcome are shown in online supplemental figure S1 (4)
systematic reviews with meta-analysis of intervention trials
(RCTs and quasi-experimental studies). A meta-analysis
that included fewer than 3 studies or fewer than 100
participants was excluded. For duplicate literature, the
article with the most comprehensive data was selected.
The language was restricted to English. Letters to the
editor, trial protocols and conference abstracts were
excluded.

Study selection

Two independent authors screened all titles and abstracts
compiled from the search results. Each paper was exam-
ined for appropriate eligibility criteria, and a third author
resolved disagreements.

Data extraction

Requisite data were extracted independently by two inde-
pendent authors into a standardised format thatincluded:
(1) study, (2) stage of CKD, (3) the number of included
studies and participants, (4) exercise type, (5) exercise
mode (intradialytic or interdialytic), (6) standardised
mean difference (SMD) or mean difference (MD) with
corresponding 95% CI for each outcome, (7) p values,
(8) P values and (9) exercise-related adverse events.

Risk of bias assessment

A Measurement Tool to Assess Systematic Reviews-2
(AMSTAR-2) was used to assess the risk of bias among the
included systematic reviews.'” This checklist contains 16
items, and each item was answered with a ‘yes’ (1 point),
‘partial yes’ (0.5 points) or ‘no’ (0 points). The percentage
score for each study was calculated using the total score as
the numerator and the highest score of 16 points as the
denominator. A meta-analysis scoring >80% was classified
as high quality, 40%-79% as medium quality and those
scoring <40% as low quality.”” Two authors performed the
risk of bias assessment independently, and discussions
resolved the disagreement.

Data analysis
The summary effect size from each meta-analysis was
analysed qualitatively based on the SMD and its 95% CI
for each outcome. If they were not presented as SMD
in the original meta-analysis, Review Manager V.5.3 was
used to convert SMD outcomes. If data could not be
converted into SMD, we contacted the authors of the
meta-analysis for the data. Effects were considered small
(SMD<0.50), moderate (SMD from 0.50 to 0.79) and
large (SMD>0.80).*" /¥ values were interpreted as follows:
<25% indicate low heterogeneity, 25%<F<50% indicate
mild heterogeneity, 50%<F<75% indicate moderate
heterogeneity and >75% indicate high heterogeneity.
The level of evidence for each meta-analysis was evalu-
ated using the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) system.” The
quality of evidence was assessed using five domains: risk of
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Figure 1

bias, inconsistency, indirectness, imprecision and publi-
cation bias. Beginning with an initial score of 4 points,
the score for each of these five domains was reduced
accordingly: ‘not reported (-1)’, ‘serious (-1)’, ‘very
serious (-2)’ or ‘neutral (0)’. Studies were rated as high
(4 points), moderate (3 points), low (2 points) or very low
(<1 point) using the GRADE system. The GRADE assess-
ment was conducted independently by two authors. Any
differences were resolved by discussion or adjudication by
a third author. The incidence of adverse events was based
on the number of reported divided by the patients in the
exercise group.

RESULTS

Characteristics of the meta-analyses

The search identified 2305 potential articles, of which 648
were duplicates. After reading the title and abstract, 1598
papers were excluded and 28 were excluded after full-text
review resulting in 31 final studies.'"’ ***® The PRISMA
flow chart of study inclusion is illustrated in figure 1. The
reasons for excluded articles are listed in online supple-
mental table S2.

Flow chart of literature screening. CDSR, Cochrane Database of Systemic Review.

The 31 included systematic reviews and meta-analyses
were published from September 2011 through March
2021. The number of included studies assessed in the arti-
cles ranged from 3 to 24, with a mean of 8 studies. The
study sample sizes ranged from 106 to 874 participants,
with a mean of 304. The characteristics of the included
meta-analyses are shown in online supplemental table
S3. SMD data from four papers could not be obtained
from the authors, and the data of their effect size were
presented as MD.> *0 4040

Scores based on AMSTAR-2 ranged from 34.4% to
100.0%, with an average score of 68.0%. Seven (22.6%)
systematic reviews were rated high quality, while 23
(74.2%) were rated medium quality, and just one (0.3%)
was rated low quality (online supplemental table S4).

Of the GRADE evidence quality of the 120 outcomes,
1.7% (2/120) reported evidence of high quality, 17.5%
(21/120) reported evidence of moderate quality, 20.0%
(24/120) reported evidence of low quality and 60.8%
(73/120) reported evidence of very low quality (online
supplemental table Sb).

Zhang F, et al. BMJ Open 2022;12:6054887. doi:10.1136/bmjopen-2021-054887


https://dx.doi.org/10.1136/bmjopen-2021-054887
https://dx.doi.org/10.1136/bmjopen-2021-054887
https://dx.doi.org/10.1136/bmjopen-2021-054887
https://dx.doi.org/10.1136/bmjopen-2021-054887
https://dx.doi.org/10.1136/bmjopen-2021-054887
https://dx.doi.org/10.1136/bmjopen-2021-054887
https://dx.doi.org/10.1136/bmjopen-2021-054887

Blood pressure

There were 25 meta-analyses (reported in 13 articles)
investigating the effect of exercise on cardiovascular risk
factors (systolic and diastolic blood pressure) in patients
with CKD, 10273033 3440 41434649 52 )0 \hi b the number
of studies ranged from 3 to 12 with a mean of 314 partic-
ipants (range from 198 to 514) were included in each
meta-analysis (table 1).

The effect of exercise on systolic blood pressure was
investigated in 13 meta-analyses with a mild heterogeneity
(average [=36.1%), 102730338440 4143464952 1 1 4 6 reported a
positive statisticallysigniﬁcantoutcome.‘(4;0‘(‘;%414‘(4;4952 Ofthel3
meta-analyses, 9 reported asmall effect size!02793 344143474852
and 1 reported moderate."” GRADE assessment of quality
indicated the overall evidence as being very low (10 meta-
analysesw 2730 35 41 43 119 ow (2 meta—analysesg4 1) and
moderate (1 meta-analysis’).

The effect of exercise on diastolic blood pressure was
investigated in 12 meta-analyses with a mild heterogeneity
(average P=49.1%),102730 3834490 4143464852 3 4 9 reported
a positive statistically significant outcome.*' ** Of the 12
meta-analyses, 9 reported small effect sizes! 27385441 13474852
and all were graded as low or very low quality of evidence.

Cardiorespiratory fitness

There were 34 meta-analyses (reported in 21 articles) that
investigated the effects of exercise on cardiorespiratory
fitness in patients with CKD using a peak oxygen uptake
(18 of 34), a 6min walk test (14 of 34) or aerobic capacity
(2 of 34). The meta-analyses included a mean of 9 studies
(ranging from 5 to 20) and a mean of 330 participants
(ranging from 179 to 504) (table 2).

The effect of exercise on peak oxygen consump-
tion was investigated in 18 meta-analyses (reported
in 17 articles) with a mild heterogeneity (average
P=49.99) HBB0RBATTIABULN5, 1 4] 6reported positive
statisticallysignificantoutcomes,2272830323437381041 4544474950
Of the 18 meta-analyses, 3 reported a low effect size,?” *
9 reported a moderate effect size™ ** %2 %* STALAS A9 and 3
reported a large effect size.?* ** ¥ GRADE assessment of
quality indicated the overall evidence as being very low
(nine meta—analyses25 2728 30 52 3743 47 19 low (eight meta-
analyses® ** #1450 3 d high (one meta-analysis®). A
meta-analysis that included kidney transplant recipients
found no statistically significant difference in the SMD of
the exercise group (0.38; 95% CI: -0.06 to 0.82; p=0.09).”

The effect of exercise on the 6min walk test
was investigated in 14 meta-analyses (reported in
13 articles) with a mild heterogeneity (average

P=44.9%),% 2875032543658 40414351 3 d 13 reported positive
25 28-30 32 34 36-38 41 43 51 (e

25 28 5

statistically significant outcomes.
the 14 meta-analyses, 2 reported a small effect size,
reported a moderate effect size™*” *' ** and 8 reported a
large effect size.”***® GRADE assessment of quality indi-
cated the overall evidence as being very low (eight meta-
amalyses25 3032 34 384043y "1ow (four meta—analyses28 s741 51y
and moderate (two meta—analyses29 ). In addition, the
meta-analysis by Heiwe and Jacobson'’ showed that regular

exercise had significant beneficial effects on aerobic
. 1033
capacity.

Muscle strength
Ten meta-analyses (reported in nine articles) inves-
tigated the effects of exercise on muscle strength in
patients with CKD with a low heterogeneity (average
P=19.1%)."0 20 3235 373851 The meta-analyses included a
mean of 7 studies (ranging from 3 to 12) and a mean of
252 participants (ranging from 115 to 385) (table 3).
Muscle strength was measured using handgrip strength
and lower limb muscle strength. For patients in 8 of 10
meta-analyses, exercise resulted in statistically significant
improvements in muscle strength.'” * % 55750 Of the
10 meta-analyses, 3 reported a small effect size,”® **°! 5
reported a moderate effect size'’ ***** %% and 2 reported
a large effect size.”®*” GRADE assessment of quality indi-
cated the overall evidence as being very low (six meta-
analyses10 3233355738y and low (four meta—analyses26 3651y

Muscle endurance

Nine meta-analyses (reported in eight articles) investi-
gated the effects of exercise on muscle endurance with
a mild heterogeneity (average [’=29.4%).!0 % 333038404351
An average of 238 participants (ranging from 106 to 461)
from 5 studies (ranging from 3 to 7) were included in the
meta-analysis (table 4).

Muscle endurance was measured using a sit-to-stand
test, timed up and go test and walking capacity exer-
cise. Pooled effect estimates from all nine meta-analyses
suggested a beneficial effect of exercise on muscle
endurance in patients with CKD. Seven of the nine meta-
analyses reported power to detect a statistically significant
effect.” ¥ %0 34351 Tywo meta-analyses reported moderate
effectsize and five reported small effectsize. GRADE assess-
ment of quality indicated the overall evidence as being
very low (seven meta—analyses25 33 36 38 40 4351y " 16w (one
meta—analyses%) and moderate (one meta—analysesw).

Body composition

Four meta-analyses consisting of 9 studies (ranging from 4
to 13) and a mean of 335 participants (ranging from 166
to 466) included body mass index as an outcome.?” *7 4?52
There was a low heterogeneity (average ’=12.0%) among
the study outcomes (table 5).

Three of the four meta-analyses showed a positive statis-
tically significant impact on body mass index using exer-
cise interventions in patients with CKD.*” *%% Small effect
size was reported in all meta-analyses. GRADE assessment
of quality indicated the overall evidence as being very
low (one meta-analysis), low (two meta—analyses47 ) and
moderate (one meta—analysisSQ).

Dialysis-related symptoms

Nine meta-analyses (reported in seven articles) investi-
gated the effect of exercise on dialysis-related symptoms
in patients with CKD.” ?' # # #3455 gach meta-analysis
included a mean of 7 studies (ranging from 3 to 12

4

Zhang F, et al. BMJ Open 2022;12:6054887. doi:10.1136/bmjopen-2021-054887



(/3]
(7]
o
o
o
o ‘90UBJBYIP UBBW pasipiepuels ‘gNS ‘einssaid poojq 01|01sAs ‘dgs Bulures aouelsisal ‘1Y [el] Pa||04uod pasiWopuel | Oy ‘podal ou ‘d°N ‘eoualayip uesw ‘g
% ‘sjuaidioal Jueldsuesy Aauppy ‘sy1Y ‘sisAfeipowsey ‘gH ‘uoleneAs pue juswdojeAs ‘JUSWISSasSY SUOIIEpUSWIWODaY 0 Bulpeln ‘JayyD ‘einssald poo|q oljoiselp ‘dgq ‘@seasip Asupiy d1UoIyd ‘gyD ‘©sIoIaxe dlqolae ‘Jy
‘az|s a|dwes Buipuodsaiiod pue saIpnis papn|oul JO Jaquin,
(@] ‘Bululel; aoue)SISa) YIM PauUIqUIOD 9SIDI9XS O1q0Ia. SUBSW PaxiA
COO® %€E8 6.0 Irews (65°0 01 82°0-) 60°0— :ANS = av (2€2) L sisAjelpaid 104 ,4/E 9 HoebuAp uspuep
OCOO® %00 eco = (82710} L2°2-) 96'2— AN onAjelpesul av (Fee) ok aH 104 ogl€ 30 Lieliad
OCOO® %12 ¥0°0 Irews (100 01 2¥°0-) ¥2'0— :ANS onhelpesul PaXIN (96%2) £ aH 104 ¢p/€ 10 Busys
OCOe® %0'SY €0 Irews (6001 91°0-) L1°0 :ANS paxIN PaxIN (cra) ot aH 10H 0,U0SqOE pUE SMISH
OCOO® %0°0% L0 lrews (9€°0 01 ¥0°0-) 91°0 :ANS = PaXIN 6BLY) L1 paxIN 10Y-Isenp/10d cc/E 19 OMIBH
OCOO0® %089 7€°0 lrews (r2'0 01 69°0-) €20~ :ANS PaxIN PaXIN (092) £ aH 104 4el€ J0 Bueny
@@L %00 AN0) Irews (80°0 0} L2°0-) L€'0- :ANS = PaXIA (66¢) 21 sisAjelpaid 104 2¢/e 10 Bueyz
OO0 %G°09 d'N = (ov'zorosv-) 8L k- AN = PaXIN (€og) 8 sisAjeipaid 104 o5/€ #0 UOsdwoy |
OCOO® %02y 8000 lrews (80°0 01 §5°0-) ¢€°0~ :ANS onhelpesul PoXIN (282) £ aH 104 e nd
OCOO® %065 680 Irews (250 03 G+°0-) ¥0°0 :ANS = PaXIN (861) G ST 104 1B 19 UsyD
OO0 %002 710 Irews (G0 010k }1-) L0~ :ANS - 14+3v (v61) ¥ sisAjeipaid 1OH-Isenp/10H g€ 19 N\
OOed %00 GE0 - (0z'L oy iye-) 'L :an - av (riLg) ek PaxIN 104-1senp/L0Y of€ #0 19d
dgaa
OO0 %8 180 lrews (72'0 01 85°0-) 80°0 :ANS - av (692) 8 sisAjeipaid 104 14/€ 10 HeebUAM uspueA
OCOO® %07y 2000 = (82°€ 01 G€'91) L0°0L- AN onhjeipesul av (cee) o1 aH 104 ogl€ 10 Lieiod
OOO® %00 20’0 Irews (#0°0 03 06°0-) 22'0- :ANS onAjelpesul PaXIN (962) 2 aH 104 ¢[€ 19 Buays
Oo® %0°'8S 80 Irews (1°0 01 ¥€°0-) ¥0°0 :ANS - paxIN (cre) oL aH 104 0,U0SQO2E puB amiaH
OCOO® %00 200 lrews (20 01 0°0) G2°0 :AINS = PaxIN (2ve) 6 paxIN 1OH-Isenp/10H ¢clE 10 OMISH
OO0 %08 810 lrews (80°0 0} Lt°0-) L1'0— :ANS paxIN PaXIN (092) 2 aH 104 4elE 30 Bueny
OO0 %0'GS 2000 lrews (L1001 0£°0-) L0~ :ANS - PaXIN (€9%) 1 sisAelpaid 104 25€ 10 Bueyz
OCOO® %v'0S d'N = (ov°0 03 00°6-) 0E+— AN = PaXIA (see) ot sisA[elpaid 104 o5/€ 30 Uosdwoy |
OO0 %€08 €000  ©lesopoy (92°0 01 ¥2'1-) 520~ :ANS = av (c6€) 0L sisAjeipaid 104 oy/E 10 OloWewEA
OCOO® %00 200 Irews (50°0 01 25°0-) 82°0- :ANS onhfelpesul PaXIN (282) £ aH 104 ;e nd
OCOO® %00 ke0 Irews (90 01 01°0-) 810 :ANS - PaxXIN (861) S SEIN 104 ,Z[E 1 usuD
OOO® %005 910 Irews (80°0 01 9¥°0-) 610~ :ANS - 14+3v (voe) € sisAjeipaid 1OH-Isend/10H g/ 19 N\
OOed %0°0¥ €L0 - (280 0189'9-) L6'C— :AN - av (riLg) ek PaxIN 104-1senp/L0Y of€ 40 19d
dgs
3avyo J °nlend azis o8y3 (19 %S6) AN 40 ANS spoy adA} asiosaxg «(u) aMo Jo aberg ubiseg Apms
aMo yum suaned ul J010.) ¥SU JBINOSBAOIPIBD UO 9SI0J9Xd JO 10848 9y} JO Alewwng | 9jqeL

Zhang F, et al. BMJ Open 2022;12:054887. doi:10.1136/bmjopen-2021-054887



(€0

Open access

panuiuon
OO0® %00 100°0> - (LL'9g 01 98°¢Y) 86'¥9 ‘AN OhAleIpesU| av. (esh9 aH 10y 0g/8 #0 HBdiag
OO0O® %0°'9¢ L00°0> = (96201 01 G0'62) G589 ‘AN onAjeipesy 14 (e aH 104 ogl€ 30 Lo
COO0® %028 €00 oburen (08101 11°0) 960 :ANS  OnAelpenu] PaXIN  (8S5H) 9 aH 104 26/ 10 018N
OOO® %.'68 100°0> 91eIspojN (€6°0 01 £2°0) 85°0 ‘NS onhfelpenu PaXIN  (O¥h) ¥ aH 104 ¢y/€ 10 Busys
0008 %9'6Y 1L00°0> llews (29°0 0% L2°0) ¥¥°0 :ANS POXIN POXIN 61 aH 104 sol® 10 feyebog
OO %0°€S 1L00'0> 81eJepoy (€6°0 01 $2°0) 85°0 :ANS POXIN PoXIN_ (92€) Ok aH 104 ,ol® 18 BMBZNSIEN
COO® %0°€8 8000 obureT] (9271 0192°0) LO'L :ANS PaXIN PeXIN  (S02) £ aH 104 4el€ J0 Bueny
(@515 %00 100°0> = (PS'e¥ 0} ¥2°€2) ¥9'€€ ‘AN = PoXIN  (v¥2) 8L sisAjelg 104 o2/B 30 UOSMIEID
COed %00 100°0> aesopol (r8'0010€0) LG50 :ANS  onAfelpenu PaXIN - (Ble) L aH 104 e nd
(@@ %281 100°0> a1eIopOoN (52001 82°0) 25°0 :ANS onAjelpesy 14  (e62)8 aH 104 /e 39 Bueyz
COed %00 GL00 Irews (08'00160°0) ¥7'0 :ANS  OnAelpesU| PaXIN (L) v aH 104 g2€ #0 Bunyo
Coed %0°6€ 000> aesopol (€20 01 1€0) 25°0 :ANS PaXIN paxiN - (00€) + sisAjelg 104 of® 10 M
COO® %0'26 200 abie (06°1 01 21°0) ¥O'} :ANS = PoXIN  (26€) S sisAjeipaid 1910-8S010/10Y gol€ 10 BANWENEN
COO0® %098 060 = (650 01 25°0-) ¥0°0 :AN = av  (9ev) 8 PaXIN 104-1senp/10Y op[8 48 19d
LMING

OOed %0°SY 600 [rews (¢8°0 03 90°0-) 8€'0 :ANS = POXIN (esl) ¥ SHIM 104 /€ #2 1yonbo
OO0 %07 100°0> abue (8%"1 01 61°0) 66°0 :AINS = av  (Gze) Lt sisAelpaid 104 /e 39 peebuip uspuep
COO® %00 000> - (eLe0rey0) L0C AN onhfelpenu v (8re) L aH 104 ogl€ 10 e
COO® %00 000> = (62901 €0°Y) LG :AN onhfelpenu 14+3v  (L02) s aH 104 opl® 10 Leliad
0008 %0°9. 8000 81eJepoy (70'L 01G1L'0) 09°0 QNS OhAlelpesu| PoXIN  (#6€) Ok aH 104 2/2 18 018N
OO0OS® %0°'9¢ 100°0> 21eIopOIN (920 01 0€°0) €5°0 :ANS onAjeipeiy pexiIN - (0k€) £ aH 10 ¢[2 #0 Budys
OO0O® %Y'LS 100°0> a1eJapojN (58°0 01 2€°0) 85°0 :AINS PaXIN PaxIN  (0S) 02 aH 104 42[€ 10 [eyebog
OO %009 1L00'0> 81eJepo (L1'L 016€°0) G20 :ANS POXIN paxIN - (S9€) 8 aH 104 4B 18 Vews
SO0 %061 000> a)esopo (280 01 8€°0) 29°0 :ANS PaXIN PeXIN  (e8S) 8} aH 104 ,¢[€ Jo emEZNSIE
OOed %0°LL 100°0> a)esopolN (560 01 25°0) €2°0 :ANS PaXIN PaXIN - (L2€) OF aH 104 4¢/8 #0 BuenH
COed %0° LY €00°0 Irews (€90 01 £0°0) £€°0 :ANS - PoXIN (621 S PaXIN 104 oglE 10 BuBA
OO0 %9'vC L00°0> 81eJopOo|N (82°0 03 62°0) ¥S°0 :AINS = av  (s9¢) ot sisA[elpaid 104 &/E 10 OjoWewes
OOes %065 100°0> a1esopoN (06001 €2°0) 250 :ANS  OnAelpenu] PaXIN - (00%) OF aH 104 e nd
COO® %6'2S €00°0 aesopol (26'00181°0)GS°0:ANS  onAfelpenu PaXIN  (8€2) 9 aH 104 azl€ 10 Bunyo
OOed %00 100°0> abue (0g'L 0¥ 1L2°0) 1O} :ANS onAelpesu| 14+3v  (102) S aH 104 42[E 10 epeipuy
COO0® %022 90°0 Irews (690 01 20°0-) £€°0 :ANS - PaXIN  (202) 9 SHIM 104 1B 19 UsyD
OOo® %095 100°0> abie] (€21 01€5°0) 88°0 :ANS - paxiN- (LOY) OF sisAeipaid 1910-85010/10H golE 19 BANWENEN
OOoS %05 100°0> = (So'e010L°1L) 80°2 :AN = v vy Lt PoXIN 10Y4-Isenp/104 /B39 1ed
2on

3avyo d onjea d azis 1093 (19 %S6) AN 1o ANS SpoN adA} asio19x3 u) aMo Jo aberg ubisaq Apmg

aMo yum siusied il sseuyly Areuowndolpied UO 8S10JexXe JO 10848 8y} Jo Aleluwng g ajqeL

Zhang F, et al. BMJ Open 2022;12:6054887. doi:10.1136/bmjopen-2021-054887



*90UBJIBYIP UBSW PSIPIEpUB)S

‘QINS ‘Buluresy souelsisal ‘1Y ‘[el} Pa||0JjJU0D pPasIWOpUe) ‘| DY ‘@ouaiayip ueaw ‘i ‘sisAjeipowsaey ‘gH ‘uonenjeA3 pue juawdojeAs( ‘JUaLSSasSy SUOIIEPUSWIWODaY Jo Bulpels) ‘JqyyD ‘eseasip Asupiy o1uoiyo ‘ayd

"az|s 9|dwes Buipuodseliod pue saIpn}s PapN|oul JO JaquINN,
*Bulures} SOUEB)SISI Y}IM PUIQUUIOD 8SI0I9X8 DICOISE SUBSW PaXIA

OO0O® %00 2000 81eIopOo|N (680 01 71°0) 25°0 :ANS = PoXIN  (GLL) € PaXIA 104 feene
0008  %6'8S 100°0> ayelopo (€8'0016€°0) L9'0 :ANS  OhAlelpesu| pexIN  (0S2) 6 aH 104 2/2 18 018N
OOO® %00}k 000> obire (lz'L 01 29°0) ¥6°0 :ANS PaXIN pexIN - (182) 6 aH 104 J¢[€ JO emeZNSIE
OO0 %00 100°0> 8]eIapojN (Ge'0 03 £2°0-) 95°0- :ANS PoXIA paxIN  (S8€) 2k aH 104 0,U0SqO2E puE amIaH
OOO® %00 100°0> ayelepo (1€°0 03 €2°0-) 25°0~ :ANS = PoxIN  (85€) 6 PaXIN 10Y-1send/10Y ool® 18 @MIBH
(@@ %9’ €000 Irews (85°0 01 21°0) G€'0 :ANS onAjeipesy 14 (0og)9 aH 10 /e 19 Bueyz
OOoS %00 100°0> Irews (72°0 03 02°0) L¥°0 :QNS PaXIN PaXIN  (¥2e) L sisAlelq 104 RN
CO®®  %0es €000 9)esopolN (86°0 01 02°0) 65°0 :ANS PaXIN PaXIN  (v€2) § sisAjelg 104 of® 10 M
OO0OS %02 200 Irews (€2°0 03 €0°0-) G€'0 :ANS = PaxXIN (BLL) ¥ sisA[elpaid Jan0-ss010/10H ggl€ 19 BINWENEN
CO8®  %0'se 1910 abueT (6v°1 0108°0) G'} ‘NS - 14 (eve) L sisAelpaid 104 oz[€ #0 BWSBYD
aavyo J  °nlead  azis9y3 (19 %S6) A 10 NS opo adAy esiolex3 () aMo Jo abeig ubiseq Apmg

aMD yum siusized Ul YibusJis 8josnul UO 8SI0JeX8 JO 108448 8y} Jo Alewwing ¢ a|qeL

-oyeydn usbAxo yead

ITON ‘eoUBIBIP UBSW PaSIPIEPUER]S ‘QINS ‘BUILIE]) 90UE]SISa) ‘Y {[el] Pa||0UOO PISILIOPUEI ‘1 Oy 1S3 YeM Ul g

‘I MINO ‘eoualayip ueaw ‘g ‘sjuaidioal juejdsuel) Asupny ‘sH 1) ‘sisAjelpowsey ‘gH ‘uolieneas pue juswdojansg ‘JUsWSSasSy SUOIIBPUSLIWODaY J0 Bulpels) ‘JQyydy eseasip Asupiy O1uoIyd ‘gyD ‘9s104axa 2Igolae ‘Jy

*82|s a|dwes Buipuodsaliod pue saIpnis papN|oul JO JaquInN,
*Bulures} SOUEB)SISI Y}IIM PUIQUUIOD 8SI0I9Xd DICOIO. SUBSW PaXIA

OOed %00 100°0> abieT (8570 01 20°1-) 08°0— :ANS POXIN pPoXIN  (72€) L2 aH 104 0,U0Sqooe pUE SMISH
COO0® %02l 100°0> 8jeIepol (ev°0 03 02°0-) 95°0- :ANS = PoXIN  (Z¥8) ¥2 POXIN 10Y-1senp/104 ¢ol® #8 @MIBH

Aoedeo oiqoley
Iavyo o snjea d azis 1083 (19 %S6) AW 10 ANS SpoN adA} as1o49x3 «(u) ) aMo Jo abelg ubiseg Apms

panunuoy gz a|qeL

Zhang F, et al. BMJ Open 2022;12:054887. doi:10.1136/bmjopen-2021-054887



Open access

"1s91 06 pue

dnpawii |DNL 18} 09 PUBIS-0}-1IS ‘09 S1S ‘1S8) OE PUEIS-0}-YIS ‘0E S1S IS8} 0| PUels-0}-HS ‘0L SIS @ousIaylp uesw pasipiepue)s ‘NS ‘Bulules} souelsisal | Y (el Pa||043uod PasiWOopUEl
10y ‘edualayip ueaw ‘g ‘SisAleipowsey ‘gH ‘uonenea pue jJuswdojans( QUSWISSaSSY SUOIIEPUSWIWODSY Jo Bulpels) ‘Jayyo esessip Asupiy d1U0IyD ‘M ‘8sldiaxa d1qoIse ‘Jy
"azis a|dwes Buipuodsaiiod pue saIpnis papn|oul JO JOQWINN,

"Buiure.} 9OUB]SISa) YLIM PBUIQUUOD 8SI0I8Xa D1q0Jae SUBSW PaXIlA

Ajoedeo o uosqooep
ODODd %091 900 Irews (10°0°29°0-) €€°0- :QINS ~ Buniem POXIN  POXIN  (PLL) L aH 10Y pue smisH

Ayoedeo
OOO® %0c €000 llews  (L1°0 01 62°0-) 87°0— :ANS  Buniem - PXIN (16)) L PaXIN L OY-ISend/10Y ¢ol€ 19 OMIBH
OOO® %00 2000 Irews  (L1°0 0} €2°0-) 2¢¥°0- :ANS 1901 - PaXIN  (0L1) € SIsA[eIpald JOAO-SSOID/1OH 4B 19 BANWENMEN
OOO® %08 860 = (Go€'L'H80C:AN  09SlLS = v (Svh) S POXIN  LOY-ISeND/LOY ol 18 18d
OOO® %00 1L000>  ®reIspoN (L' 1'1€°0) L2°0:ANS 09 SL1S onAeipenul  paxiN - (901) € aH 104 /2 18 Busys
OOO® %00 8000 Irews (F2°0°LL’0) 20 :AINS  0€ SIS OnAfelpesu) 14 9L s aH 10Y /e 38 Bueyz
OO®® %0e 1000 Irews (69°'001/1°0) €7°0:ANS  0€ SIS PaXIN  PaXIN  (0¥2)9  SIsAelq 104 BN
OOO® %9+.  6L00  9lesdPoN (60003 00°+-) SS'0-:ANS Ok SIS - PaXIN (L9Y) S aH 104 52/ 19 [eyebog
OOO® %cel 8200 - (8€'001 L0'6-) 69V~ :AN O} SIS POXIN  PaXIN  (e6L) € SIsAelq 104 o830 M
3avydo J °nlead ozisioay3 (10 %S6) AW 10 ANS 2wodINQo Spon adfy (U o uBisag Apmis

9s1049x3 Jo abelg

aMD yum siusied Ul 9dUBINPUS S[OSNW UO 8SI0J9Xd JO 10910 8y} Jo Alewwng 4 ajqel

Zhang F, et al. BMJ Open 2022;12:6054887. doi:10.1136/bmjopen-2021-054887



wl Q000
2100 & O
| O & & &
O & & & &

o

3

\O -_—

XX XS 8

S O O g =

L|l o o o < 3

5

=

o S

=2 © N o

Tl o & N O e

> 0 O © O I

Ol o o o o £

S

°

=

©

@

Q .

N 3

7 i

e -

= === [}

ST T T T 2

=N E|E | E | E K9

w| o n o un o

O

o

3

C

©

oy

[7]

g

. O o ® =

O o 9o T >

D S o o [}

© o o o &

o = 2 = 2

< o o o a2

CONRCPRINCPRIKO Z
\|lo |o |o

=| o 1 1 ] %
o Ivvv

S| — o — © =

S| N T N ™ S

vl 2 o o o =

Qloc T T T 5

ala 4o oo ]

=== = = i}

wn|lon n > =

&

o c

- (]

alS 5

M RN o

©

) ®

- a

e .

= o

() (9]

218 5

c|2 2

O| o &

= e 3

[SERCHERe; el <

O [ Q Q %)

[ g 2w 2w s

=W =2 < =2 < =

g o

2 g

i -~ F @ £

Sls|© - © % £

ol T T Q 5]

4 - BREIERS 8

ox <t - - O o

[$) ksl

z g

o > I

oA £ =

c X £ ;0

oo o o o S8

= [ ) A

| 0o > > > 8%o0<

L2lo| , 8 8 8 colk

o|o £f © 5 © Sg0

o|lS|E & 2 Q0 ogy

X|®O|x o oo g2a

(0] S

_C-EUJ

5 £8%

(=] ;O>~.

IR T Q0

O|l@| - k- £k 285

|9l 0 oo ££2

$QICEQ:CE 5849

< 5265

=1 O &

Y— .ﬂmog

(e} ~ E_Qdc

(7] [}

> % ¥5%X5

© = oBOE

£ © ZodT

® £ 899c

S b ¢ £380¢g

= 3 S A

PPy T S gEdg

T 2 8 86523

To] - O B Q. 9.5

0>.®Ec)% EB%E

5T cl 8 g | BE®T

= gE T X35

© | = T £ © SZWwg

|| O > N > SFaLn

studies) and a mean of 239 participants (ranging from
139 to 370) (table 6).

Fatigue was measured using the Rhoten Fatigue Scale,
Visual Analogue Scale and Haemodialysis Patients Fatigue
Scale. The effect of exercise on fatigue was investigated
in two meta-analyses with a low heterogeneity (average
P=23.5%)." *® The two meta-analyses revealed a statisti-
cally significant effect of exercise on fatigue. Although
the meta-analyses reported large effect size, the quality
of evidence was low™ or very low” according to GRADE
criteria.

Just one meta-analysis investigated the effects of exer-
cise on restless legs syndrome in patients with CKD.* The
results showed that pooled effect estimated for restless
legs syndrome with statistically significant but consider-
able average heterogeneity (F=87.0%). According to
GRADE criteria, the overall evidence for this outcome
was very low.

Dialysis adequacy

Dialysis adequacy was measured using the value of Kt/V.
Six meta-analyses (reported in five articles) investigated
the effects of exercise on Kt/V in patients with CKD
with a mild heterogeneity (average F=25.7%).% * ** 414
Comprehensive effect estimates from all the six meta-
analyses with Kt/V outcomes showed that exercise had a
beneficial effect. In three of the six meta-analyses, three
reported a small effect size™ *' * and one reported large
effect size.”! According to GRADE criteria, all meta-
analyses were rated as very low-quality evidence (table 6).

Health-related quality of life

Twenty-nine meta-analyses (reported in 13 articles) inves-
tigated the effect of exercise on HRQOL in patients
with CKD,20 28 32 34 35 37 39-43 51 53 Among them, nine meta-
analyses assessed the physical and mental subscale of the
Short-Form Health Survey-36,%% 323437 4435153 g3 ch meta-
analysis included an average of 6 studies (ranging from
3 to 10) and 311 participants (ranging from 167 to 562).
The included meta-analyses had moderate heterogeneity
(average P=51.0%) (table 7).

Of the 29 meta-analyses, a comprehensive effect esti-
mate of the 28 meta-analyses shows that exercise is bene-
ficial to the HRQOL of patients with CKD, but only 12
of 29 meta-analyses reported a statistically significant
outcome. 575 There were 13 of 29 meta-analyses
reporting a small effect size,” ** ** e
moderate™ * * *! and 6 were large.”® * ** According to
GRADE criteria, the overall of evidence for HRQOL was
rated as very low (20 meta—analyses32 8537394355y (1 Jow (9
meta-analyses? 28 34415153

Adverse events
Six meta-analyses reported exercise-related adverse
events.?® 28 B AL B O he adverse effects, the most
commonly reported were hypotension and cramping.
Overall, the incidence of adverse events was approxi-
mately 0.3%.
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Table 7 Continued

Effect
size

Exercise

type

Stage of
CKD

GRADE

P value P?

0.21

SMD or MD (95% Cl)

Symptom/Problem SMD: 1.92 (-1.06 to 4.90)

Outcomes
(KDQOL)

Mode

k (n)*

Design
RCT

Study

®O00O

99.0%

Large

Mixed

3 (387)

Mixed

Ju et af*®

0.14 99.0% OO0

Large

SMD: -3.69 (-8.56 to 1.19)

Effects of kidney

Mixed

3 (387)

Mixed

RCT

Ju et al®

disease (KDQOL)

Burden of kidney
disease (KDQOL)

0.26 98.0% OO0

Large

SMD: 1.04 (-0.75 to 2.82)

Mixed

3 (387)

Mixed

RCT

Ju et al®

Mixed means aerobic exercise combined with resistance training.
*Number of included studies and corresponding sample size.

AE, aerobic exercise; CKD, chronic kidney disease; COM, combine; GRADE, Grading of Recommendations Assessment, Development and Evaluation; HD, haemodialysis; HRQOL, health-

related quality of life; KDQOL, kidney disease quality of life; KTRs, kidney transplant recipients; MCS, mental component summary; MD, mean difference; PCS, physical component summary;

RCT, randomised controlled trial; RT, resistance training; SF-36, Short Form Health Survey-36; SMD, standardised mean difference.

of physical performance in patients with CKD.% It is well
known that aerobic exercise is the ‘gold standard’ for
cardiorespiratory rehabilitation®" and resistance training
for muscle strength improvement.”” However, a combi-
nation of aerobic and resistance exercises may have a
more profound effect on patients with CKD based on the
current review. Meta-analyses by Andrade et al showed
that combined training benefits cardiorespiratory fitness
in patients with CKD.**

Both sarcopenia and obesity have increased mortality
risk and progression to end-stage renal disease in patients
with CKD.* Unlike patients receiving dialysis, treatment
requirements for patients with predialysis CKD are based
on maintaining a ‘healthy weight’ and preventing or
attenuating obesity.'* In this overview, the effectiveness
of exercise for body mass index was supported by four
analyses with small effect sizes and moderate quality of
evidence. Based on the results, exercise may contribute
to lower body mass index in patients with CKD. However,
additional studies are needed to confirm the benefits
of exercise programmes for reducing sarcopenia and
weight.

CKD population experience multiple symptoms that
affect the patient’s prognosis and HRQOL.* Patients
who received dialysis treatment commonly reported rest-
less legs syndrome, fatigue and inadequate dialysis due
to kidney function deterioration and dialysis-related side
effects.”” ® These symptoms affect sleep and daily activi-
ties and impose considerable psychological distress and
economic burden.®”” An increasing number of researchers
have investigated the role of exercise as an important
non-pharmacological strategy for preventing and/or
treating symptoms.” ® The results of a small number of
meta-analyses suggested the beneficial effect of exercise
on dialysis adequacy (SMD: 0.19 to 2.21) and improving
restless legs syndrome (SMD: -1.79) and fatigue symp-
toms (SMD: -0.97 to -0.85). Nevertheless, the efficacy
of exercise in patients with CKD for preventing dialysis-
related symptoms awaits new clinical evidence.

With similar results obtained in another overview that
included chronic disease,70 results from this overview
demonstrated minor beneficial effects of exercise on
HRQOL, irrespective of the evidence level in patients
with CKD. Improved HRQOL is vital because most of the
population reported poor health and well-being due to
diet restriction, weakness and dialysis treatment.”" The
consistent health benefits of exercise in this overview
demonstrated that exercise could be a strategy to improve
the poor long-term prognosis in patients with CKD.

Several meta-analyses reported exercise-related adverse
events. Based on the reported adverse events, we calculate
that only three adverse events occurred per 1000 patients
with CKD. The low incidence of adverse events indi-
cated that the benefits of exercise in patients with CKD
outweigh its potential risks and most reflected typical
response to exercise (eg, muscle soreness). However,
most meta-analyses only included intradialytic exercise
for haemodialysis patients in their assessments. Exercises
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during haemodialysis are usually performed under the
supervision of a healthcare worker to ensure safety.”
It has been reported that all patients with CKD are at
risk for cardiovascular events (eg, arrhythmias, myocar-
dial ischaemia) during exercise. Therefore, medical
screening should be performed before exercise to deter-
mine which patients may be at increased risk for cardio-
vascular accidents.” In addition, special attention should
be paid to dry weight and blood pressure in patients with
haemodialysis-dependent CKD to avoid excessive volume
loading or dehydration, which may increase the risk asso-
ciated with exercise.”

Implications for clinical

Taken together, there is good reason to recommend
exercise for improving prognosis in patients with CKD.
Evidence from most randomised controlled trials
increased confidence in the findings of this umbrella
review. Because most of the meta-analyses assessed in
this study did not detail the exercises instituted, it is
difficult to make recommendations about the type of
exercise that would be the most beneficial for patients
with CKD. Although exercise’s effect sizes on improving
health prognosis of patients with CKD were generally
moderate, these effects may bring some clinical benefit
to patients experiencing impaired function or symptom
distress. Despite numerous meta-analyses providing only
low-quality or very low-quality evidence, similar bene-
ficial effects of exercise were reported by meta-analyses
of randomised controlled trials with different grades of
evidence. Remarkably, a recently published trial found
that a 6-month intradialytic exercise programme effec-
tively reduces healthcare costs.”* Overall, exercise should
be integrated into the care of CKD, but the overall benefit
of exercise to CKD is still debatable.

Limitations

This overview has several limitations. First, most meta-
analyses included in this review involve haemodialysis
patients, limiting the results’ extrapolation to other CKD
stages. Second, improvement of flexibility in patients
with CKD was not investigated. Flexibility is an important
component of physical fitness that impacts muscular
injury.” The evidence for the efficacy of exercise on flex-
ibility improvement is insufficient for a systematic review
or meta-analysis. Third, since the search strategy was
limited to English, this review may have language bias.
It is unknown whether meta-analyses published in other
languages would affect the results of our study. Fourth,
the results may have been influenced by an overlap in the
original studies. Fifth, the accuracy of the MD data cannot
be guaranteed. Sixth, subgroup analyses of different
types of exercise were not performed as described in the
published protocol because most of the included meta-
analyses did not detail the exercises. Seventh, both body
composition and cardiovascular risk factors are common
terms. However, the inclusion of studies was limited, so
this review focused only on body mass index and blood

pressure, and more evidence is still needed for the effects
of other assessment metrics.

CONCLUSION

In patients with CKD, exercise improves muscle strength,
endurance, body composition and HRQOL. At the same
time, exercise decreases blood pressure and dialysis-
related symptoms in patients with CKD. However, the
quality of the evidence was considered low or very low
for all outcomes indicating that we have low certainty
evidence to support the findings above. More rigorous
study is still needed in the future. Nevertheless, given
the health benefits of physical activity, exercise should be
integrated into renal care for a patient with any stage of
CKD.
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