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Abstract

Background: Inadequate dialysis, renal hypertension, and 

impaired exercise capacity are factors that affect the quality 

of life (QoL) and mortality of adults with end-stage renal dis-

ease (ESRD) undergoing hemodialysis (HD). This systematic 

review provided valid evidence about the effect of exercise 

training on single-pool Kt/V (sp Kt/V), blood pressure, and 

peak uptake oxygen (VO2 peak). Method: A systematic re-

view and meta-analysis of published randomized controlled 

trials (RCTs) that evaluated the effects of no < 8 weeks’ exer-

cise training on the physical fitness outcomes for adults with 

ESRD undergoing HD were accepted in this study. Results: 

Included 20 trials (677 participants) indicated that various 

exercise types improved aerobic capacity, walking capacity, 

and health-related QoL totally. Of note, aerobic exercise and 

combined exercise were the predominant exercise types. 

Conclusion: Based on our evidence, aerobic exercise or com-

bined exercise at least for 8 weeks to 12 months, 3 times 

weekly, will be beneficial to physical conditions of the pa-

tients with ESRD undergoing HD. The clinical staff can treat 

patients with the evidence above. Future studies need to 

provide more information basis for the construction of pa-

tient exercise system by adding various exercise combina-

tions. © 2019 S. Karger AG, Basel

Introduction

End-stage renal disease (ESRD), the final stage of 
chronic kidney disease (CKD) that exists in 8–16% popu-
lation worldwide [1], is characterized as irreversible kid-
ney function and the prevalence is increasing annually [2, 
3]. Hemodialysis (HD) is an important and commonly 
used renal replacement therapy (RRT) for ESRD patients 
[4]. According to International Society of Nephrology, 
2.62 million people received RRT to treat ESRD world-
wide. Most of them were treated with HD.

Even as the HD treatment improves, the complica-
tions, such as renal hypertension [5] and reduced aerobic 
capacity and walking capacity, which were both severely 
impaired in patients with ESRD undergoing HD com-
pared to the same stage patients [6, 7], resulting from 
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ESRD or HD still exist. The complications degraded qual-
ity of life (QoL) and elevated the mortality of patients with 
ESRD [8, 9]. Recent studies reported that exercise can 
lower blood pressure (BP) and elevate aerobic capacity, 
walking capacity, and QoL in patients with ESRD receiv-
ing HD [10–14], while some did not [15, 16]. Hence, it is 
meaningful to synthesize eligible trials and analyze wheth-
er exercise had an effect on physical fitness of adults with 
ESRD. Besides, for patients receiving HD, inadequate di-
alysis indicates that excess water and toxins produced in 
the dialysis interval would persist in the body and rise up 
the rate of cardiovascular complications eventually. Exer-
cise also could reduce morbidity and mortality by im-
proving the dialysis adequacy [2].

Although the National Kidney Function recommends 
that exercise training should be a cornerstone for patients 
receiving HD to control complications and modality [17], 
the concise exercise training parameters, including exer-
cise type, duration, intensity, and frequency, were not 
mentioned and still unclear. But recently, most system-
atic reviews had detailed part of exercise training param-
eters for CKD patients receiving HD [18–20]. Meanwhile, 
a few systematic reviews focus on patients with ESRD [21, 
22]. And it is controversial whether the exercise evidence 
for patients with CKD could be used as evidence for pa-
tients with the most severe stage of CKD, ESRD. Besides, 
in these reviews, the exercise was limited during dialysis 
with 3 exercise types including aerobic exercise, resis-
tance exercise, and combined exercise. But it is important 
to observe the effects of all types of exercise, such as home, 
intradialytic, and non-intradialytic, conducted at differ-
ent exercise time. In addition, the number of randomized 
controlled trials (RCTs) is increasing, resulting in out-
comes such as BP, exercise capacity, and dialysis efficacy. 
But the effect of exercise on these outcomes for patients 
with ESRD undergoing HD is vague.

This study aims to synthesize all the eligible RCTs and 
systematically analyze the effects of exercise training on 
dialysis efficacy, BP, exercise capacity, and QoL in adults 
with ESRD undergoing HD. Besides, this study can up-
date the evidence base for the recommendation of exer-
cise interventions.

Method

This review followed the guidelines of Preferred Reporting 
Items for Systematic Reviews and Meta-analyses. This system-
atic review is registered with the International Prospective Reg-
ister of Systematic Reviews, and the registration number is 
CRD42019118294.

Data Sources and Searches
We searched the electronic bibliographic databases, including 

MEDLINE (from 1950 to November 2018), EMBASE (from 1974 
to November 2018), the Cochrane Library (the Cochrane Database 
of Systematic Reviews and the Cochrane Central Register of Con-
trolled Trials; from the start to November 2018), CINAHL (from 
1981 to November 2018), Web of Science (from 1900 to November 
2018), PubMed (from 1950 to November 2018), 万方/Wan Fang 
data (from 1900 to November 2018), and 中国生物医学文献数据
库/SinoMed (from 1860 to November 2018). The following terms 
were used to perform the search: intradialytic, hemodialysis, hae-
modialysis, renal dialysis, exercise, physical fitness, physical train-
ing, exercise therapy, randomized controlled trial, random, and 
controlled clinical trial. The detailed search strategy is shown in 
the PDF document (http://www.crd.york.ac.uk/PROSPERO-
FILES/118294_STRATEGY_20181218.pdf). For language restric-
tions, only studies in English and Chinese were accepted.

Selection Criteria for Studies
Only published RCTs that evaluated the effects of no < 8 weeks’ 

exercise training on any one of the outcomes were accepted in this 
study. Participants older than 18 years with a diagnosis of ESRD 
requiring maintenance HD and have been on HD > 3 months were 
included. Patients undergoing any other RRT and affected by 
acute kidney failure were excluded. Exercise training consisting of 
aerobic training, resistance training, and combined training for a 
minimum of 8 weeks, either on intradialytic or on nondialysis 
days, were accepted in the intervention group. Usual HD care or 
low-intensity (sham) activity such as stretching was regarded as 
the control group. The main outcomes of this review are dialysis 
efficacy single-pool Kt/V (sp Kt/V), BP (systolic BP [SBP], dia-
stolic BP [DBP]), and peak oxygen consumption (VO2 peak). The 
secondary outcomes are physical function (6-min walk distance) 
and health-related QoL (physical and mental component dimen-
sions [PCS, MCS] of the short-form 36 health questionnaire [SF-
36]). 

Data Extraction and Quality Assessment
The search results (titles and abstracts) were screened by 2 re-

viewers (M.H. and N.X.) independently until potential studies are 
identified. Then 2 reviewers assessed the full texts of these papers 
to determine whether they met the inclusion criteria. Data were 
extracted from the studies selected for inclusion by 2 reviewers to 
ensure consistency and accuracy. The data extracted from the 
RCTs included the study characteristics, interventions, and out-
come measures.

The quality of each of the included studies was assessed for 
judging risk of bias, as recommended by the Cochrane Handbook 
for Systematic Reviews of Interventions, which considers 7 aspects 
(random generation, allocation concealment, blinding of partici-
pants and outcome assessment, incomplete outcome data, selec-
tive reporting, other bias). A third reviewer would adjudicate the 
disagreement related to data extraction and quality assessment 
(G.M.).

Data Synthesis and Analysis
A quantitative synthesis for the intervention effects of each 

study was summarized by calculating standardized mean differ-
ences because there are no dichotomous outcomes in the study. 
Data were analyzed using standard meta-analytic techniques.
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Assessment for heterogeneity was performed using the I2 sta-
tistic, with values > 25 and > 50% being considered to be indicators 
of moderate and substantial heterogeneity, respectively. If signifi-
cant heterogeneity was detected, subgroup analysis was conducted 
to identify the cause of exercise types such as aerobic exercise, re-
sistance exercise, and combined exercise. Otherwise, the random-
effects model was used as the default method of analysis. Alterna-
tively, we would give up data synthesis instead of providing de-
scriptions only.

Publication bias will be assessed by plotting the inverse of the 
SEs of the effect estimates using Egger’s regression. When the 
number of outcomes was > 10, funnel plots were used to explore 
symmetry, which will be assessed visually. Sensitivity analyses were 
used to test the reliability and stability of the results.

Analyses were conducted on Review Manager Software (Rev-
Man 5.3). In addition, publication bias and sensitivity analyses 
were conducted by STATA.

Results

A total of 2,348 publications were screened first, and 
926 duplicates were excluded (Fig.  1). Subsequently, 
1,317 publications were rejected due to wrong popula-
tion and wrong interventions after 2 reviewers read titles 

and abstracts. Then in the full-text reviewing stage, po-
tentially 105 references were reviewed and checked 
whether they accord with the criteria. Finally, 20 refer-
ences involving 677 participants were identified and in-
cluded in the study.

Included trials were distributed in the United States, 
Australia, New Zealand, Sweden, Brazil, and Canada and 
occurred between 1986 and 2018. The minimum sample 
size was 13 and the maximum was 96. The mean age of 
participants ranged from 30 to 70 years old.

One trial may include 2 or 3 interventions. For ex-
ample, there were 2 intervention groups, aerobic exer-
cise and resistance exercise, in Afshar’s trial [23]. Kon-
stantinidou conducted a trial with 3 intervention groups 
including aerobic exercise at home and combination ex-
ercise at outpatient and during intradialytic days [24]. 
The most common exercise type was aerobic exercise, 
and there are 14 out of 25 comparisons [10, 13, 14, 16, 
23–31]. The combined exercise [24, 31–35] and resis-
tance exercise [15, 23, 36, 37] were followed. Eighteen 
trials took place during HD [13, 14, 16, 23–26, 28, 10]; 
others took place at home [16, 24, 30, 31] or during pre-
dialysis [37]. The total intervention duration ranged 
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from 8 weeks [23, 31] to 12 months [25, 27]. Three 
months [13, 26, 28, 29, 32, 35–37] and 6 months [16, 24, 
30] were chosen by most trials. When it comes to exer-
cise frequency, 3 times per week [13–16, 23–34, 36, 37] 
was the most popular, followed by 2 [34] to 5 [24, 30] 
times per week. And one trial [27] did not report the fre-
quency. In the included reports, the intensity of exercise 
often was moderate (55–60% of the peak power) [13, 14, 
23, 24, 27, 30, 35, 37]. Moreover, single exercise duration 
ranged from 15 min [16, 31] to 90 min [25, 30, 33, 34]. 
The detailed characteristics of included reports are 
shown in Table 1.

Assessment of Risks of Bias and Publication Bias
The risks of bias were frequently high or uncertain be-

cause of the incomplete methodology description (Fig. 2, 
3). Although every study reported that they used random-
ization, only 4 (20%) studies reported the way random 
sequence was generated and the participants in the 4 
studies were allocated in a proper concealing way. The 
computer was used to automatically generate the num-
bers, and the numbers were separately put in sealed and 
opaque envelopes. Considering that exercise intervention 
was a trial that was not blind to both participants and in-
vestigators, the performance bias was high for all the trials 
included. In 4 studies, outcome measurement was blind-
ed. Most trials (90%) reported the attrition, whereas only 
one study conducted the intent-to-treat analysis. Sixteen 
trials showed complete data. In 17 trials, an additional 
information revealed that potential low risk of bias ex-
isted in studies.

For publication bias, sp Kt/V, SBP, DBP, VO2 peak, 
PCS, and MCS (p = 0.91, 0.51, 0.30, 0.99, 0.74, 0.59 > 0.05) 
showed no significant publications bias in the Egger’s 
test. Funnel plot was symmetrical for VO2 peak in 10 
studies. Combined with the Egger’s test of VO2 peak, 
there was no publication bias of VO2 peak.

Meta-Analysis
Dialysis Efficacy (sp Kt/V)
Sp Kt/V was measured in 8 trials involving 133 par-

ticipants in the intervention group and 124 participants 
in the control group totally (Fig. 4) [14, 15, 23, 26, 31, 35, 
36]. There was a low degree of heterogeneity across stud-
ies for sp Kt/V (I2 = 0%, p = 0.79). Data showed that ex-
ercise training did not significantly improve sp Kt/V in 
ESRD patients undergoing HD (SMD 0.19, 95% CI –0.06 
to 0.43, p = 0.14). Sensitivity analysis was conducted and 
showed that the result did not change, which indicated 
that the result was stable and reliable.

Blood Pressure
BP was measured in 7 trials involving 137 participants 

in the intervention group and 123 participants in the con-
trol group (Fig. 5, 6) [16, 28, 30, 34, 35]. There were low 
and high degrees of heterogeneity across studies for SBP 
and DBP (I2 = 8%, p = 0.37, and I2 = 68%, p = 0.005, re-
spectively). The meta-analysis of all patients in the 7 stud-
ies showed that exercise training did not decrease the pa-
tients’ SBP at rest (SMD –0.17, 95% CI –0.41 to 0.08, p = 
0.18). An exercise training-type subgroup analysis was 
conducted due to the high degree of heterogeneity existed 
in DBP. Data showed that both aerobic exercise and com-
bined exercise could not decrease the patients’ DBP at rest 
(SMD 0.07, 95% CI –0.32 to 0.46, p = 0.73; SMD –0.62, 
95% CI –1.60 to 0.37, p = 0.22), and the low and high de-
gree of heterogeneity existed across the aerobic exercise 
and combined exercise (I2 = 0% and I2 = 86%, respective-
ly). No trial had used resistance training only. Sensitivity 
analyses were conducted and showed that the results did 
not change, which indicated that the results of SBP and 
DBP were stable and reliable.

VO2 peak
VO2 peak was measured in 10 trials involving 196 par-

ticipants in the intervention group and 175 participants 
in the control group (Fig. 7, 8) [13, 24, 25, 27, 29, 30, 33–
35]. Totally, the meta-analysis of all patients showed that 
exercise training increased the VO2 peak of ESRD pa-
tients (SMD 0.73, 95% CI 0.52–0.95, p < 0.00001). Be-
cause a high degree of heterogeneity existed in VO2 peak, 
a subgroup analysis was conducted. Data showed that 
both aerobic exercise and combined exercise improved 
VO2 peak significantly (SMD 0.64, 95% CI 0.28–1.01, p = 
0.0006, and SMD 0.78, 95% CI 0.51–1.05, p < 0.00001, re-
spectively). Sensitivity analysis was conducted and 
showed that the result did not change, which indicated 
that the result was stable and reliable. The effect of resis-
tance exercise on VO2 peak had not been studied.

Six-Minute Walk Test
Six-minute walk test (6MWT) was measured in 7 trials 

involving 100 participants in the intervention group and 
105 participants in the control group (Fig. 9) [14–16, 29, 
32, 36]. Totally, the meta-analysis of all patients showed 
that exercise training increased the 6MWT of ESRD pa-
tients (SMD 1.01, 95% CI 0.26–1.76, p = 0.008). Because 
a high degree of heterogeneity existed in 6MWT, a sub-
group analysis was conducted to analyze the effect size of 
6MWT for ESRD undergoing HD. The distances show a 
significant increase in 6 min in the aerobic exercise group 
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(SMD 0.79, 95% CI 0.01–1.56, p = 0.05), whereas the dis-
tances did not show a significant increase in 6 min in the 
resistance exercise group (SMD 2.12, 95% CI –1.02 to 
5.26, p = 0.19). Meanwhile, there was only one trial that 
studied the effect of combined exercise on 6MWT and 
showed that there was no difference between the com-
bined exercise and control groups. Sensitivity analysis 
was conducted and showed that the result did not change, 
which indicated that the result was stable and reliable. 
Though the Egger’s test showed significant publication 
bias (p = 0.02 < 0.05), there was no indication of publica-
tion with the Duval’s trim and fill method (no new studies 
added). Hence, the result for 6MWT was stable.

Health-Related QoL (SF-36)
SF-36 was measured in 7 trials involving 139 partici-

pants in the intervention group and 124 participants in 
the control group totally (Fig. 10, 11) [14, 16, 31, 34, 35, 
37], and the moderate and low degree of heterogeneity 
existed in PCS and MCS (I2 = 27%, I2 = 0%). Data showed 
that exercise training improved PCS and MCS in the SF-
36 significantly in ESRD patients undergoing HD (SMD 
0.34, 95% CI 0.09–0.59, p = 0.007, and SMD 0.27, 95% CI: 
0.02–0.51, p = 0.03, respectively). Sensitivity analyses 
were conducted and showed that the results did not 
change, which indicated that the results were stable and 
reliable.

Discussion

Dialysis replaced part of kidney’s function in order to 
prolong the ESRD patients’ survival time and the adequa-
cy of dialysis reflected by dialysis efficacy. Sp Kt/V was 
measured to quantize the dialysis adequacy, and the tar-
get minimum dose was 1.2 recommended by K/DOQI 
[17]. Inadequate dialysis indicated that excess water and 
toxins produced in the dialysis interval would still remain 
in the body, resulting in uremic neuropathies and cardio-
vascular complications [38]. Intradialytic exercise was re-
ported to improve the dialysis efficacy by increasing 
blood flow and perfusion of muscle tissue and enlarging 
surface area, which would diffuse greater flux in circulat-
ing toxins and urea from the muscle into circulation and 
removed by dialysis [2, 20]. Though the included exercise 
trainings were performed during dialysis, the result of 
this meta-analysis did not provide strong evidence for 
mechanism above. Even the effect size of increased sp 
Kt/V in the intervention group was more than the control 
group, there was no statistical significance. Of note, all the 
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Fig. 4. Effects of exercise training on Sp Kt/V.

Deligiannis, 1999

Deligiannis, 1999

Koh, 2010

Koh, 2010

Ouzouni, 2009

Toussaint, 2008

van Vilsteren, 2005

Total (95% CI)

Heterogeneity: Chi2 = 6.49, df = 6 (p = 0.37); I2 = 8%

Test for overall effect Z = 1.33 (p = 0.18)

–9

–2

–2

–9

–7.6

–3.1

–5

15.7

17.5

30.6

22

13.4

14.1

25

8.9

8.9

25.4

25.4

8.1

22

24.1

16

10

15

15

19

9

53

137

12

12

16

16

14

10

43

123

1

1

–9

–9

1.1

–2.6

–4

10.1%

8.6%

12.2%

12.3%

11.9%

7.5%

37.6%

100.0%

–0.73 [–1.51, 0.04]

–0.21 [–1.06, 0.63]

0.24 [–0.46, 0.95]

0.00 [–0.70, 0.70]

–0.74 [–1.46, –0.02]

–0.03 [–0.93, 0.88]

–0.04 [–0.44, 0.36]

–0.17 [–0.41, 0.08]

–1 –0.5 0 0.5 1

Favours (experimental) Favours (control)

Study of subgroup Mean SD

Experimental

SD

Control

Total TotalMean Weight
Std. mean differnce

IV, fixed, 95% CI

Std. mean differnce

IV, fixed, 95% CI

Fig. 5. Effects of exercise training on systolic BP.

C
o

lo
r 

v
e
rs

io
n

 a
v
a
il
a
b

le
 o

n
li
n

e
C

o
lo

r 
v
e
rs

io
n

 a
v
a
il
a
b

le
 o

n
li
n

e
C

o
lo

r 
v
e
rs

io
n

 a
v
a
il
a
b

le
 o

n
li
n

e



Exercise Training in HD Patients 249Am J Nephrol 2019;50:240–254
DOI: 10.1159/000502447

included resistance exercise interventions showed no ef-
fect on urea clearance. The result was also consistent with 
Scapini’s network meta-analysis result, which presented 
that resistance exercise did not have an effect on dialysis 
efficacy either [39]. According to the mechanism above, 
it may be because that resistance exercise could not reach 
“muscle morphologic threshold” for increasing enough 
muscle blood with the transfer of toxins to intravascular 
compartment [15]. In other words, resistance exercise 
may not be appropriate to improve dialysis efficacy for 
patients with ESRD undergoing HD.

Besides, according to the mechanism above, sp Kt/V 
could be improved in a single exercise session and had 
been demonstrated in previous trials [2, 40]. And many 
experiments observed the effect of long-term exercise 
training on sp Kt/V. That is to say, sp Kt/V might be not 
only affected by exercise each time but also influenced by 
the duration. But most of these trials measured sp Kt/V 
only twice. One was measured at the beginning of the ex-
periment; the other was at the end of the experiment. 
Only rare studies provided sp Kt/V dose at several points 
in time throughout the course of the experiments. Par-
sons et al. [31] traced the changes of sp Kt/V dose every 4 

weeks from 4 to 20 weeks and compared the doses with 
each other. The results set out that sp Kt/V increased 11% 
by the end of 4 weeks and remained increasing at weeks 
16 (19%) and 20 (18%) of the exercise intervention with 
statistical significance (p < 0.05). This showed that if the 
duration was longer, the dialysis might be more adequate. 
But the interaction time between exercise and sp Kt/V 
was not noticed. Furthermore, the measurement interval 
of sp Kt/V could be accurate to at least 1 week, so as to 
observe the detailed intention of time on sp Kt/V.

Hypertension was the most common symptom for 
patients with ESRD undergoing HD and its prevalence 
approaching 70–90% [5, 41]. Uncontrolled BP, which 
was also one of the most important risk factors of car-
diovascular disease by increasing left ventricular work-
load and hypertrophy, strongly associated with cardiac 
mortality [42]. Though receiving antihypertensive med-
icine therapy, 35% of patients could not control hyper-
tension adequately. Although exercise was deemed as a 
vital nonpharmacologic strategy to control BP by regu-
lating sodium retention and water homeostasis [43], the 
effect size in SBP is –0.18 mm Hg (95% CI –0.42 to 0.07) 
with no statistical significance and the subgroup analysis 
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showed that aerobic exercise and combined exercise 
could not decrease DBP either. This could be explained 
by neurohumoral mechanisms rather than structural 
adaptation changes (i.e., vascular remodeling or angio-
genesis) driven by exercise training to a large extent [44]. 

And there is a “lag phenomenon” in structural adapta-
tion changes in peripheral vascular resistances that 
might need to increase the intensity properly and extend 
exercise duration on the basis of exercising 3 times 
weekly [45]. For structural adaptation changes, it might 
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require the combination of intensity and duration. In 
the included trials, though Koh et al. [16] conducted 
6-month exercise in 2 intervention groups with different 
exercise types, the intensity was low. And the results 
showed that both SBP and DBP were not different from 
the control group at the end of the trial. In Toussaint’s 
and van Vilsteren’s trials, SBP and DBP did not decrease 

either. It was probably because the training lasted only 
3 months, though the intensity was moderate [28, 35]. 
Notably, there was no eligible literature about resistance 
exercise to pool in the meta-analysis. Future resistance 
exercise interventions could regard BP as an outcome 
and provide more reliable evidence for exercise training 
system.
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Fig. 10. Effects of exercise training on PCS of SF-36.
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Exercise capacity was impaired severely in ESRD pa-
tients with HD compared to the same stage of ESRD pa-
tients without HD because of the disease, side effects as-
sociated with HD, and worsening complications [7]. VO2 
peak was wildly used as an indirect measure of aerobic 
capacity, the peripheral muscle oxidative capacity, and 
indicated survival time of ESRD patients strongly [46, 
47]. The subgroup analysis showed that the VO2 peak in-
creased effectively when patients did aerobic exercise or 
combined exercise, regardless of exercise duration, inten-
sity, and frequency. This result was inconsistent with the 
results exhibited in previous meta-analysis, which esti-
mated that regular exercise was good for aerobic capacity 
[18]. When VO2 peak was enhanced by exercising, it in-
dicated that aerobic capacity increases. Then, patients 
with ESRD undergoing HD could increase exercise time 
because of decline in their fatigue, break up in sedentary 
lifestyle, and decrease in mortality eventually [48, 49].

The 6MWT as an inexpensive instrument was more 
easy and safe to operate and could replace VO2 peak to 
reflect exercise capacity, preferred to walking ability [30, 
50]. When the 6-min walking distances significantly in-
creased in the exercise group compared with the control 
group, VO2 peak would also improve significantly in pa-
tients with ESRD because VO2 peak was more sensitive 
than 6MWT. In this meta-analysis, the result of 6MWT 
was in step with VO2 peak, which showed an increase in 
the subgroup of aerobic exercise. In contrast, 2 trials in-
cluded in the subgroup of resistance exercise showed no 
effect on 6MWT. Maybe resistance exercise played an im-
portant role in muscle strength, but did not work on ex-
ercise capacity.

Based on this meta-analysis, exercise can improve 
aerobic capacity, walking capacity, and elevated QoL on 

the whole. Exercise training often consists of different 
kinds of types, duration, and intensity. And it is a tough 
question to combine the type, duration, and intensity 
into a reasonable exercise training plan for patients with 
ESRD undergoing HD, who are at the severe stage of 
CKD. For the type, we prefer aerobic exercise and com-
bined exercise as exercise type according to the sub-
group analysis results. And may be resistance exercise 
was not an appropriate way which could have an effect 
on these indexes according to the subgroup analyses of 
VO2 peak and 6MWT. In addition, Pilate and yoga are 
popular worldwide and more interesting than tradition-
al cycling and resistance exercise. However, these types 
should be taught by professionals and cannot proceed 
during the HD, which would take up the patients’ extra 
leisure time.

The duration of included researches ranged from 8 
weeks to 12 months. Three month was the most popular, 
followed by 6 months. But unfortunately, this meta-anal-
ysis did not conduct subgroup analyses of duration to 
distinguish which was the best duration and effected 
physical outcomes most. On the one hand, it was a tough 
question to divide the time period into long term or short 
term and there was no standard for this. On the other 
hand, to our knowledge, the longer duration might have 
a better effect of exercise, especially for structures resto-
ration, such as BP. VO2 peak could increase more when 
exercise lasted > 6 months in Sheng’s meta-analysis. But 
it may be difficult to carry out long-term exercise inter-
vention in clinical, such as 12 months, because the drop-
out rate of participants would become higher with the 
prolongation of time. However, no matter how long the 
exercise lasted, the important thing for regular exercise 
was change in sedentary lifestyle for adults with ESRD 
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undergoing HD. So patients can exercise continuously 
and evaluate their physical activity even after the inter-
vention ended. 

There are some limitations in this systematic review 
and meta-analysis. First, the methodology of included 
studies was rated B class according to Cochrane Hand-
book, which affected the credibility of the results directly. 
Randomization of participants, concealments, and drop-
out rate were unreported in included trials. Hence, future 
RCTs should complete and describe the randomization 
and concealment as clearly as possible to provide high-
quality evidence. Second, most eligible trials about exer-
cise of patients with ESRD undergoing HD were removed 
in the screened stage on account of that they did not fit 
the type of RCT. This suggested that trials could be de-
signed as RCTs that can conduct high-quality compari-
sons to reveal the effects of exercise. Third, lack of eligible 
trials that regard resistance exercise and combined exer-
cise as interventions and take sp Kt/V, BP, and exercise 
capacity as outcomes. Additionally for sp Kt/V, measur-
ing continuously may shed more light on the impacts of 
exercise on it.

In conclusion, clinical staff can conduct aerobic exer-
cise or combined exercise for adults with ESRD undergo-
ing HD for at least 8 weeks to 12 months, 3 times weekly 
based on our evidence that proved to be beneficial for 
cardiovascular function reflected on exercise capacity 
and walking capacity and QoL. For the construction of 
patient exercise system, future studies still need to focus 

on high-quality evidence and increase the multiple plans 
for different conditions of the patients. Furthermore, 
studies evaluating possible adverse effects of exercise 
among HD patients are also suggested to provide more 
comprehensive evidence for developing relevant exercise 
program. The comparisons of exercise at home and dur-
ing HD with resistance exercise and combined exercise 
also needed.
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