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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].

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  (VO2peak), 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 
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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 I2 statistics, with I2 > 50% signifying the existence of het-
erogeneity and I2 ≤ 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 

Fig. 1  PRISMA flow diagram
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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% CI 0.22, 0.58, I2 = 36%) but not on 
the MCS (SMD = 0.19, 95% CI − 0.01, 0.38, I2 = 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, I2 = 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, I2 = 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, I2 = 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% CI 0.32, 0.80, I2 = 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, I2 = 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, 
I2 = 77%), RE (SMD = 0.47, 95% CI 0.09, 0.86, I2 = 85%), 
and MH (SMD = 0.27, 95% CI 0.04, 0.49, I2 = 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% CI 0.05, 0.71, I2 = 65%), EKD (SMD = 0.41, 95% CI 
0.03, 0.79, I2 = 73%), and the quality of social interaction 
(SMD = 0.28, 95% CI 0.04, 0.51, I2 = 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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Fig. 2  The risk of bias of the included studies
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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 

Table 2  The pooled effect of IDE on generic HRQOL

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

AE REx CE OE Total (IDE)

PCS N = 7, n = 226, I2 = 44%
SMD = 0.41 (0.03, 0.79), 

p = 0.03

N = 8, n = 364, I2 = 0%
SMD = 0.23 (0.02, 0.44), 

p = 0.03

N = 6, n = 208, I2 = 0%
SMD = 0.50 (0.22, 0.77), 

p < 0.01

N = 3, n = 143, I2 = 74%
SMD = 0.71 (0.03, 1.38), 

p = 0.04

N = 19, n = 861, I2 = 36%
SMD = 0.40 (0.22, 0.58), 

p < 0.01
MCS N = 7, n = 226, I2 = 0%

SMD = − 0.11 (− 0.38, 
0.16), p = 0.42

N = 8, n = 364, I2 = 28%
SMD = 0.28 (0.03, 0.54), 

p = 0.03

N = 6, n = 208, I2 = 22%
SMD = 0.11 (− 0.21, 

0.43), p = 0.51

N = 3, n = 143, I2 = 78%
SMD = 0.26 (− 0.46, 

0.99), p = 0.47

N = 19, n = 861, I2 = 47%
SMD = 0.19 (− 0.01, 

0.38), p = 0.06
PF N = 9, n = 356, I2 = 72%

SMD = 0.62 (0.19, 1.06), 
p < 0.01

N = 7, n = 300, I2 = 58%
SMD = 0.53 (0.16, 0.90), 

p < 0.01

N = 4, n = 176, I2 = 41%
SMD = 0.49 (0.05, 0.92), 

p = 0.03

N = 2, n = 99, I2 = 0%
SMD = 0.62 (0.22, 1.03), 

p < 0.01

N = 21, n = 916, I2 = 61%
SMD = 0.58 (0.36, 0.80), 

p < 0.01
RP N = 8, n = 332, I2 = 90%

SMD = 0.97 (0.17, 1.78), 
p = 0.02

N = 4, n = 196, I2 = 0%
SMD = 0.10 (− 0.19, 

0.38), p = 0.50

N = 4, n = 176, I2 = 0%
SMD = 0.21 (− 0.09, 

0.50), p = 0.18

N = 2, n = 99, I2 = 0%
SMD = 0.65 (0.24, 1.05), 

p < 0.01

N = 17, n = 788, I2 = 86%
SMD = 0.61 (0.21, 1.02), 

p < 0.01
BP N = 8, n = 332, I2 = 46%

SMD = 0.01 (− 0.30, 
0.32), p = 0.95

N = 5, n = 220, I2 = 0%
SMD = 0.21 

(− 0.05,0.48), p = 0.12

N = 4, n = 176, I2 = 0%
SMD = 0.07 (− 0.22, 

0.37), p = 0.63

N = 2, n = 99, I2 = 65%
SMD = 0.23 (− 0.45, 

0.92), p = 0.50

N = 18, n = 812, I2 = 12%
SMD = 0.13 (− 0.02, 

0.28), p = 0.10
GH N = 8, n = 332, I2 = 44%

SMD = 0.73 (0.41, 1.05), 
p < 0.01

N = 5, n = 220,  I2 = 79%
SMD = 0.47 (− 0.15, 

1.09), p = 0.14

N = 4, n = 176, I2 = 58%
SMD = 0.42 (− 0.10, 

0.93), p = 0.11

N = 2, n = 99, I2 = 0%
SMD = 0.68 (0.27, 1.09), 

p < 0.01

N = 18, n = 812, I2 = 61%
SMD = 0.56 (0.32, 0.80), 

p < 0.01
VT N = 8, n = 332, I2 = 47%

SMD = 0.79 (0.47, 1.12), 
p < 0.01

N = 5, n = 240, I2 = 0%
SMD = 0.37 (0.12, 0.63), 

p < 0.01

N = 4, n = 176, I2 = 59%
SMD = 0.52 (− 0.01, 

1.04), p = 0.05

N = 2, n = 99, I2 = 67%
SMD = 0.71 (− 0.02, 

1.43), p = 0.06

N = 18, n = 832, I2 = 48%
SMD = 0.61 (0.41, 0.81), 

p < 0.01
SF N = 8, n = 332, I2 = 74%

SMD = 0.61 (0.15, 1.07), 
p = 0.01

N = 5, n = 220, I2 = 69%
SMD = 0.19 (− 0.31, 

0.69), p = 0.45

N = 4, n = 176, I2 = 0%
SMD = − 0.13 (− 0.43, 

0.17), p = 0.39

N = 2, n = 99, I2 = 88%
SMD = 0.83 (− 0.41, 

2.08), p = 0.19

N = 18, n = 812, I2 = 77%
SMD = 0.39 (0.08, 0.70), 

p = 0.01
RE N = 8, n = 332, I2 = 93%

SMD = 0.74 (− 0.18, 
1.67), p = 0.12

N = 5, n = 220, I2 = 19%
SMD = 0.23 (− 0.07, 

0.53), p = 0.13

N = 4, n = 176, I2 = 0%
SMD = 0.34 (0.04, 0.64), 

p = 0.02

N = 2, n = 99, I2 = 0%
SMD = 0.28 (− 0.12, 

0.68), p = 0.17

N = 18, n = 812, I2 = 85%
SMD = 0.47 (0.09, 0.86), 

p = 0.02
MH N = 8, n = 332, I2 = 56%

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

N = 5, n = 220, I2 = 19%
SMD = 0.44 (0.13, 0.74), 

p < 0.01

N = 4, n = 176, I2 = 0%
SMD = 0.26 (− 0.06, 

0.54), p = 0.11

N = 2, n = 99, I2 = 72%
SMD = − 0.36 (− 1.13, 

0.42), p = 0.37

N = 18, n = 812, I2 = 57%
SMD = 0.27 (0.04, 0.49), 

p = 0.02
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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% 

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 

Table 3  The pooled effect of 
IDE on kidney-specific HRQOL

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

Domains Total effect

Symptom/problem list N = 8, n = 454, I2 = 65%, SMD = 0.38 (0.05, 0.71), p = 0.02
 AE N = 2, n = 140, I2 = 90%, SMD = 0.76 (− 0.37, 1.89), p = 0.19
 REx N = 3, n = 162, I2 = 68%, SMD = 0.24 (− 0.34, 0.83), p = 0.42
 CE N = 2, n = 106, I2 = 0%, SMD = 0.28 (− 0.11, 0.66), p = 0.16
 OE N = 2, n = 84, I2 = 0%, SMD = 0.21 (− 0.22, 0.64), p = 0.35

Effects of kidney disease N = 8, n = 454, I2 = 73%, SMD = 0.41 (0.03, 0.79), p = 0.04
 AE N = 2, n = 140, I2 = 87%, SMD = 0.79 (− 0.20, 1.77), p = 0.12
 REx N = 3, n = 162, I2 = 82%, SMD = 0.32 (− 0.46, 1.10), p = 0.42
 CE N = 2, n = 106, I2 = 35%, SMD = 0.17 (− 0.33, 0.67), p = 0.49
 OE N = 2, n = 84, I2 = 48%, SMD = 0.32 (− 0.28, 0.93), p = 0.29

Burden of kidney disease N = 8, n = 454, I2 = 72%, SMD = 0.14 (− 0.23, 0.51), p = 0.46
 AE N = 2, n = 140, I2 = 0%, SMD = − 0.03 (− 0.36, 0.30), p = 0.86
 REx N = 3, n = 162, I2 = 89%, SMD = 0.18 (− 0.86, 1.23), p = 0.73
 CE N = 2, n = 106, I2 = 79%, SMD = 0.08 (− 0.83, 0.99), p = 0.87
 OE N = 2, n = 84, I2 = 0%, SMD = 0.28 (− 0.15, 0.71), p = 0.21

Work status N = 4, n = 180, I2 = 52%, SMD = 0.14 (− 0.29, 0.57), p = 0.53
Cognitive function N = 5, n = 291, I2 = 23%, SMD = 0.01 (− 0.27, 0.28), p = 0.97
Quality of social interaction N = 5, n = 291, I2 = 0%, SMD = 0.28 (0.04, 0.51), p = 0.02
Sleep N = 4, n = 180, I2 = 75%, SMD = 0.53 (− 0.08, 1.15), p = 0.09
Social support N = 4, n = 180, I2 = 0%, SMD = 0.26 (− 0.04, 0.55), p = 0.09
Dialysis staff encouragement N = 4, n = 180, I2 = 61%, SMD = 0.43 (− 0.05, 0.92), p = 0.08
Patient satisfaction N = 4, n = 180, I2 = 85%, SMD = 0.26 (− 0.53, 1.06), p = 0.52
Sexual function N = 3, n = 146, I2 = 0%, SMD = 0.13 (− 0.20, 0.45), p = 0.44
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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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