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A B S T R A C T   

Objective: This meta-analysis aims to explore the dose–response relationship of aerobic exercise or aerobic 
combined resistance exercise on cardiopulmonary function in maintenance hemodialysis（MHD）, with the goal 
of aiding in the formulation of precise exercise prescriptions. 
Methods: A literature search up to August 18, 2023, was conducted in databases including Web of Science, among 
others, focusing on the effects of exercise interventions on cardiopulmonary function in hemodialysis patients. 
Two researchers independently conducted literature screening, data extraction, and an assessment of study 
methodology quality. A dose–response meta-analysis was carried out using a one-stage cubic spline mixed-effects 
model, followed by stratified analyses based on intervention period, intervention method, and exercise 
environment. 
Results: A nonlinear dose–response relationship was observed between exercise and 6-minute walk test (6WMT) 
as well as peak oxygen uptake (VO2Peak) in hemodialysis patients. The optimal exercise dose for the 6WMT 
across the full exposure range was 922 METs-min/week, with VO2Peak increasing with the dose. The effects were 
influenced by the type of exercise, intervention period, and exercise environment. An exercise dose of 500 METs- 
min/week and 619 METs-min/week was found sufficient to achieve the minimal clinically important differences 
(MCID) for 6WMT and VO2Peak, respectively. 
Conclusion: There is a significant association between the dose of exercise and its effects. With appropriate 
adjustment of variables, even low-dose exercise can lead to clinically significant improvements in cardiopul-
monary function.   

1. Introduction 

Chronic kidney disease (CKD) includes a spectrum of kidney dis-
eases, not limited to end-stage conditions, characterized by high 
morbidity and mortality rates, thus emerging as a significant public 
health concern that demands widespread attention(Gallo Marin et al., 
2023). Current estimates suggest that approximately 759 out of every 
million individuals require renal replacement therapy due to CKD(See 
et al., 2021). Maintenance hemodialysis (MHD) serves as a primary 
renal replacement therapy for CKD patients. While MHD technology 
effectively extends patients’ lifespan, it also leads to declines in muscle 

mass and exercise tolerance, markedly impacting quality of life and 
physical functionality(Locatelli and Del Vecchio, 2023). Moreover, with 
the progression of the disease, CKD patients’ VO2Peak significantly de-
creases, further indicating compromised cardiopulmonary function. 

Nowadays, the goals for CKD patients undergoing MHD have 
expanded beyond mere survival and lifespan prolongation to emphasize 
improvements in quality of life and social engagement(Hsiao et al., 
2023). The American Kidney Foundation highlights the importance of 
exercise training as a critical component in managing and treating 
complications in MHD patients(Cheung et al., 2021). Exercise increas-
ingly plays a pivotal role in enhancing the cardiopulmonary function of 
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MHD patients. Not only can it reduce resting heart rate and blood 
pressure, diminish arteriosclerosis markers, and promote physiological 
cardiac hypertrophy, but it can also enhance myocardial perfusion and 
increase cardiac blood flow(Pinckard et al., 2019). 

Clinical practice guidelines for CKD suggest formulating appropriate 
exercise prescriptions for MHD patients to boost their physical capa-
bilities, thereby enhancing their quality of life(Eckardt et al., 2023). 
However, there is currently a lack of high-level evidence-based medical 
evidence to provide precise and effective exercise programs and dosage 
guidelines for MHD patients. In response to this, we have introduced a 
first-order mixed effects framework suitable for integrating data 
(Recchia et al., 2023). The first-order mixed effects model operates on 
the principle that the observed data comprise layers of variability that 
can be dissected into predictable (fixed) and unpredictable (random) 
components. Fixed effects in our context refer to the specific exercise 
interventions under examination, while random effects capture the un-
observed heterogeneity among the included studies, such as differences 
in study design, participant characteristics, and measurement methods. 
Its key advantage includes incorporating studies that perform single 
comparisons, considering heterogeneity and potential dose–response 
relationships simultaneously. Following this approach, we designed a 
dose–response meta-analysis to conduct stratified analysis on the inter-
vention period, intervention method, and exercise environment, further 
exploring the relationship between exercise dose and cardiopulmonary 
function in MHD patients. Given the focus of this study on the cardio-
respiratory function of hemodialysis patients, aerobic exercise is 
considered. This excludes transportation, household chores, or occupa-
tional activities. Aerobic exercise, also known as cardiovascular exercise 
or cardio, is a form of physical activity that increases heart rate and 
breathing for an extended period. Unlike anaerobic exercise, which in-
volves short bursts of intense activity, aerobic exercise is characterized 
by continuous, rhythmic movements that engage large muscle groups. 
Examples include walking, running, cycling, swimming, and dancing. 
This study aims to elucidate the dose–response relationship between 
exercise and cardiopulmonary function in MHD patients, seeking to 
establish optimal exercise dosages for enhancing their health and quality 
of life. This effort is expected to significantly contribute to the formu-
lation of precise and effective exercise prescriptions, thereby elevating 
the standard of care for MHD patients. 

2. Materials and Methods 

This meta-analysis adhered to the guidelines outlined in the 
Cochrane Handbook for Systematic Reviews of Interventions(Higgins 
and Green, 2008) and reported following the principles of the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 
(Moher et al., 2009). The detailed PRISMA checklist is presented in 
Appendix A. The protocol for this study has been proactively registered 
with the PROSPERO international prospective register of systematic 
reviews, under the registration ID: CRD42023455557. 

2.1. Search strategy 

In defining the search strategy, we adopted the PICOS framework. 
Two independent researchers(WZ, SW) systematically conducted a 
comprehensive literature search across multiple databases, including 
PubMed, OVID, Web of Science, the Cochrane Library, Embase, 
SPORTDiscus, SinoMed, China National Knowledge Infrastructure, 
Wanfang Data, and the VIP database, to ensure a rigorous and exhaus-
tive review of the available literature. The search timeline was from the 
establishment of these databases to August 18, 2023. Detailed search 
strategy can be found in Appendix B. Furthermore, potential unpub-
lished trials were searched through both the US and China clinical trial 
registries. 

2.2. Study selection 

Inclusion criteria: (1) Study design: Randomized Controlled Trials 
(RCTs); (2) Participants: Patients undergoing MHD (≥18 years old); (3) 
Interventions: Aerobic Exercise (AT) or combined aerobic and resistance 
exercise (CT); (4) At least one of the following outcomes must be re-
ported in the studies: 6-minute walk test (6WMT), peak oxygen uptake 
(VO2Peak); (5) Language: English or Chinese. 

Exclusion criteria: (1) Studies involving participants under the age of 
18 years, encompassing both children and adolescents, as our focus is on 
adult patients undergoing MHD treatment; (2) Patients not undergoing 
MHD treatment; (3) Data not presented in the required format and the 
authors did not respond to our request; (4) Low quality studies(those 
with significant flaws in design, implementation, reporting, or risk of 
bias, which may compromise the reliability of their findings) or those 
containing data errors. 

2.3. Literature screening and data extraction 

Two researchers(WZ, SW) independently screened titles and ab-
stracts and determined studies to be included through full-text assess-
ment. Any disagreements during the entire literature screening and 
assessment process were resolved through discussion or adjudication by 
a third researcher(MF). The extracted information included the first 
author’s name, year of publication, sample size, baseline information of 
hemodialysis patients, methods of generating random sequences, in-
terventions in the experimental and control groups, exercise pre-
scriptions, measured outcomes, adverse reactions, as well as mean 
values and standard deviations (SDs) of outcomes. 

2.4. Quality assessment of included studies 

Two researchers(WZ, SW) independently assessed the quality of 
studies using the Cochrane’s second edition of the Risk of Bias tool 
(ROB2)(Sterne et al., 2019). In the case of disagreement, a third 
researcher(MF) made the final decision. We considered the following 
five domains of bias risk: (1) Bias arising from the randomization pro-
cess; (2) Bias due to deviations from intended interventions; (3) Bias due 
to missing outcome data; (4) Bias in the measurement of the outcome; 
(5) Bias in the selection of the reported results. Each domain could be 
described as having a low risk of bias, some concerns, or a high risk of 
bias. When there were some concerns in at least one domain, the study 
was assigned a moderate risk of bias. If all domains were judged to have 
a low risk, the overall risk of bias for the study was considered low. 

2.5. Statistical analysis 

We conducted a dose–response meta-analysis with random effects, 
analyzing the influence of exercise dose on 6WMT and VO2Peak using a 
one-stage mixed-effects model(Sera et al., 2019). The data were pre-
sented as the mean and standard deviation of the difference between 
post-intervention and baseline values. Under fixed percentiles (10 %, 50 
%, and 90 %), parameters were estimated using a restricted cubic spline 
model and maximum likelihood method, with no pre-set assumptions 
about the shape of the relationship. This approach was chosen because 
cubic spline models offer the capacity to effectively capture complex, 
non-linear relationships present in the data. By employing smooth and 
easily interpretable curves, these models accurately represent the un-
derlying patterns without imposing restrictive assumptions. In-
terventions were divided into three levels: the first level was coded as 
“exercise” or “control”; the second level was coded according to exercise 
type as “aerobic exercise”, “combined aerobic and resistance exercise”, 
or “control”. The third level coded the intervention based on specific 
type and dose (intensity coding refers to the “Physical Activity Guide-
lines”)(Ainsworth et al., 2011), resulting in metabolic equivalent tasks, 
or METs, represented by METs-min/week. The METs were the energy 
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expenditure caused by the product of the duration, frequency, and in-
tensity of a certain type of exercise. In the dose–response evaluation, 
0 METs-min/week was taken as the reference, showing the differences in 
6WMT and VO2Peak under different exercise doses (increment units of 
200 METs-min/week, ranging from 600 to 1800 METs-min/week). We 
conducted subgroup analysis according to the mode of exercise, inter-
vention period, and exercise environment. The MCID, estimated using 
the distribution method, differentiates statistical from clinical signifi-
cance(Watt et al., 2021). This provides a quantified evaluation of 
treatment effectiveness. By doing so, it offers stakeholders, including 
patients, physicians, and policymakers, a deeper understanding and 
interpretation of the study results, specifically regarding the impact of 
exercise on the cardiopulmonary function of MHD patients. We assessed 
publication bias using a funnel plot and the trim and fill method was 
used to correct small sample effects based on the asymmetry of the 
funnel plot(Lin et al., 2020). Data analysis was performed using the 
dosresmeta and meta packages in R(4.1.3), with statistical inferences 

primarily based on the pooled dose–response relationship. 

3. Results 

3.1. Literature search results and process 

The initial search yielded 3,407 studies, of which 3,211 came from 
ten databases, 196 from reviews of published reviews, and three from 
ongoing studies at clinical trial registries. After removing 2,011 dupli-
cates, 52 studies(Carmack et al., 1995; DePaul et al., 2002; Kon-
stantinidou et al., 2002; Koufaki et al., 2002; Tsuyuki et al., 2003; Storer 
et al., 2005; van Vilsteren et al., 2005; Petraki et al., 2008; Kouidi et al., 
2009; Ouzouni et al., 2009; Koh et al., 2010; Kouidi et al., 2010; Mustata 
et al., 2011; Reboredo et al., 2011; Dobsak et al., 2012; Pellizzaro et al., 
2013; Baria et al., 2014; Bohm et al., 2014; Wu et al., 2014; Esteve Simo 
et al., 2015; Greenwood et al., 2015; Groussard et al., 2015; Huang et al., 
2015; Manfredini et al., 2015; Reboredo et al., 2015; Tang, 2015; 

Fig. 1. Flowchart of Literature Screening for Meta-Analysis on Exercise and Health Outcomes in Hemodialysis Patients.  
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Anastasia et al., 2016; Li and Wang, 2016; Marchesan et al., 2016; 
Pomidori et al., 2016; Chang et al., 2017; Frih et al., 2017; Tao et al., 
2017; Wang, 2017; Campos et al., 2018; McGregor et al., 2018; Fer-
nandes et al., 2019; Nilsson et al., 2019; Cardoso et al., 2020; Huang 
et al., 2020; Jamshidpour et al., 2020; Liao and Sun, 2020; Ortega-Pérez 
de Villar et al., 2020; Yeh et al., 2020; Dornelas and Lima, 2021; Myers 
et al., 2021; Yu et al., 2021; Andrade et al., 2022; Krase et al., 2022; Liu 
and Xu, 2022; Wang et al., 2022; Ye et al., 2022) were ultimately 
included in the meta-analysis following standard screening. The 
screening process is shown in Fig. 1. 

3.2. Characteristics of the included 

Studies Of the 52 included studies, 29 independently examined the 
effects of exercise on 6WMT in hemodialysis patients, 17 independently 
reported on the effects on VO2Peak, and the remaining six addressed 
both. The studies spanned both developed and developing countries, 
with a total of 2,258 hemodialysis patients involved. For details, see 
Table1 in the Appendix A. 

3.3. Quality assessment of the included studies 

Due to the difficulty in implementing blinding, the methodological 
quality of exercise trials is often not high. Only 30.8 % of the studies 
provided a complete randomization process, and only 3.8 % of the 
studies were assessed as having low risk of bias. Summaries and specific 
evaluations of bias risk can be viewed in Appendix A (Figs. 1 and 2). 

3.4. Dose-Response meta-analysis results 

3.4.1. Dose-Response relationship between exercise and 6WMT 
Fig. 2(A) and Table 1 depict an inverted U-shaped non-linear dos-

e–response relationship between exercise dose and 6WMT, with 6WMT 
peaking at an exercise dose of 922 METs-min/week. The predicted 
values for the WHO’s recommended lower limit (600 METs-min/week), 
upper limit (1200 METs-min/week), and double (1800 METs-min/ 
week) exercise doses correspond to 43.92 (95 %CI [30.62,57.22]), 
46.46 (95 %CI [34.56,58.36]), and 39.7 (95 %CI [10.07,69.34]), 
respectively. 

The results of the stratified analysis are as follows. Fig. 3(A) displays 
the effect of two exercise modes on the dose–response relationship with 
6WMT; the effect of AT is optimal at 778 METs-min/week and decreases 
thereafter, whereas CT increases with the dose. Fig. 3(B) demonstrates 
the effect of intervention duration on 6WMT, showing an inverted U- 
shape for ≤ 12 weeks, with the best effect at 752 METs-min/week, and a 
positive correlation for > 12 weeks. Fig. 3(C) indicates continuous 
improvement with exercise during dialysis, whereas non-dialysis exer-
cise peaks at 813 METs-min/week and then weakens. 

3.4.2. Dose-Response relationship between exercise and VO2Peak 
Fig. 2(B) and Table 2 present a non-linear dose–response relationship 

between exercise dose and VO2Peak. Within the exposure range, 
VO2Peak shows a continuous positive correlation with dose. The pre-
dicted values at the WHO’s recommended lower limit (600 METs-min/ 
week), upper limit (1200 METs-min/week), and double (1800 METs- 
min/week) exercise doses are 2.6 (95 %CI [1.36,3.85]), 3.88 (95 %CI 
[2.74,5.01]), and 4.74 (95 %CI [3.28,6.2]), respectively. 

The stratified analysis results are as follows. Fig. 3(D) shows that the 
effect of AT on VO2Peak strengthens with increasing dose, while the 
effect of CT peaks at 659 METs-min/week and then decreases. Fig. 3(E) 
reveals that for intervention durations of ≤ 12 weeks, the effect peaks at 
901 METs-min/week and then gradually weakens, while for > 12 weeks, 
the effect continues to strengthen with increasing dose. Fig. 3(F) dem-
onstrates that the effect of exercise during dialysis gradually strengthens 
with dose, while the effect of non-dialysis exercise peaks at 562 METs- 
min/week and then weakens.3.4.3 Exercise Dose and MCID. Ta
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Fig. 2. Dose-Response Relationship of Exercise on 6-Minute Walking Capacity (A) and Peak Oxygen Uptake (B) in Hemodialysis Patients.  

Fig. 3. Subgroup Analysis of Dose-Response Relationship between Exercise Intensity and 6-Minute Walking Ability and Peak Oxygen Uptake in Hemodialy-
sis Patients. 

W. Zang et al.                                                                                                                                                                                                                                   



Preventive Medicine Reports 42 (2024) 102737

6

The minimum clinically important difference (MCID) estimated by 
the combined effect size for 6WMT is 40.244 m, with the minimal pre-
dicted exercise dose being 500 METs-min/week. The corresponding 
values for CT and AT are 900 METs-min/week and 354–1409 METs- 
min/week respectively. For intervention durations of ≤ 12 weeks and 
> 12 weeks, the corresponding values are 328–1307 METs-min/week 
and 1158 METs-min/week, respectively. For exercise in non-dialysis 
and dialysis conditions, the values are 378–1505 METs-min/week and 
679 METs-min/week, respectively. 

For VO2Peak, the MCID estimated by the combined effect size is 2.66 
ml/kg/min, and the minimal predicted exercise dose required is 619 
METs-min/week. The corresponding values for combined aerobic and 
resistance exercise and aerobic exercise alone are 288–1238 METs-min/ 
week and 803 METs-min/week, respectively. For intervention durations 
of ≤ 12 weeks, any dose does not reach MCID, while > 12 weeks cor-
responds to 340 METs-min/week. For exercise in non-dialysis and 
dialysis conditions, the values are 192–979 METs-min/week and 710 
METs-min/week, respectively. Table 3 presents exercise recommenda-
tions based on these results. 

3.5. Publication bias 

The funnel plot (Fig. 3 in the Appendix.) displays slight asymmetry, 
suggesting possible publication bias. The trim and fill method further 
confirms this: before trimming, the random effects model for 6WMT was 
42.2119 [32.2316,52.1921] (p < 0.0001), and after trimming it was 
36.9808 [25.1540,48.8076] (p < 0.0001); for VO2Peak, the values were 
3.6068 [2.7576,4.4559] (p < 0.0001) and 2.4379 [1.4578,3.4180] (p <
0.0001) before and after trimming, respectively. The results may be 
slightly affected by publication bias, but the impact is relatively small. 

4. Discussion 

4.1. Synthesis of evidence 

In this comprehensive dose–response meta-analysis, we elucidate the 
intricate nonlinear association between physical activity and cardio-
pulmonary health in individuals undergoing hemodialysis. Our results 
underscore a salient point in line with the WHO’s 2020 proclamation 
that even modest amounts of physical activity serve beneficial purposes 
for cardiopulmonary function(Bull et al., 2020). Such a standpoint is 
bolstered by contemporary literature indicating that even minimal- 
intensity physical engagements can yield marked cardiopulmonary ad-
vantages in those grappling with metabolic syndrome(Bahgat et al., 
2022). Intriguingly, we discern that a regimen involving 500 METs-min/ 
week suffices to elicit clinically significant cardiopulmonary enhance-
ments, slightly trailing behind the WHO’s endorsed minimal activity 
threshold of 600 METs-min weekly, which equates to 150 min of mod-
erate exertion or a mere 75 min of intense physical activity(Bull et al., 
2020). Such a modest weekly goal, we posit, might be more pragmatic 
and achievable for a broad swath of chronic disease patients, thereby 
serving as an impetus for wider exercise adoption to harness its manifold 
health dividends. It’s noteworthy that exceeding the WHO’s stipulated 
upper echelon of physical activity (i.e., surpassing 1200 METs-min 
weekly or the equivalent of 300 min of moderate or 150 min of 
intense activity)(Bull et al., 2020)doesn’t seem to proffer incremental 
cardiopulmonary benefits. This observation is, however, at variance 
with certain studies suggesting amplified cardiopulmonary gains with 
escalated exercise dosages(Ismail et al., 2013). This incongruence might 
stem from diverse study methodologies, encompassing variances in 
participant demographics, exercise modalities, and intervention fre-
quencies, heralding a clarion call for more nuanced investigations in 
forthcoming research. 

In our study, we utilized a more adaptable methodology, allowing a 
detailed examination of exercise dosage. Previous investigations into the 
effects of exercise dosage on disease outcomes have been limited by rigid Ta
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methodologies. For example, Sanders categorized high-dosage in-
terventions as exceeding 150 min weekly, while designations below this 
were considered low-dosage(Groot et al., 2016). Groot, on the other 
hand, made distinguished based on intensity, equating 45-minute in-
terventions with those of 200 min(Groot et al., 2016). Such classifica-
tions may obscure true dose–response relationships. Diverging from 
these, our approach incorporated a dose–response meta-analytical 
technique. This not only permitted a refined segmentation of exercise 
dosages but also considered intensity, establishing a clearer dos-
e–response relationship. The benefits of exercise are influenced by both 
volume and intensity; neglecting either can skew findings. Whereas 
Sanders and Groot may have overlooked the interplay between these 
factors, our study addressed them comprehensively. Conventional linear 
models prove inadequate when defining optimal dose brackets. We’ve 
adopted sophisticated models to better define the relationship between 
exercise dosage and its outcomes. While minimal dosages have limited 
effects, there’s a risk of reduced patient adherence at excessive levels 
(Sanders et al., 2019). Acknowledging this balance, our study also rec-
ognizes the potential impact of high dosages on adherence, thus 
ensuring our recommendations are both effective and feasible. 

This study elucidates that the modality of exercise, intervention 
duration, and the exercise setting substantially influence the outcomes 
of physical activity. Stratified analysis of two pivotal outcome met-
rics—6WMT and VO2Peak—revealed that, when interventions are 
classified as aerobic training (AT), last for 12 weeks or less, and are 
conducted outside the dialysis phase, a dose of 378 METs-min/week is 
required to achieve the MCID for the 6WMT. In contrast, for combined 
training (CT) interventions that exceed 12 weeks and are undertaken 
outside the dialysis environment, a weekly dose of merely 340 METs- 
min is sufficient to attain the MCID for VO2Peak. Among various com-
binations of modulating variables required to achieve the MCID, the 
minimum exercise dosage for both outcomes—6WMT and 
VO2Peak—was consistently observed outside the dialysis setting. This 
may indicate that exercises performed during dialysis necessitate a 
higher dose for equivalent outcomes, possibly attributed to the inherent 
physiological impacts of the dialysis process. The optimal exercise 

dosage is modulated by a myriad of factors. Hence, when devising ex-
ercise intervention strategies, it is imperative to consider these de-
terminants comprehensively to maximize the benefits of physical 
activity. 

4.2. Clinical implications of Dose-Response analysis 

This study underscores the salient belief that health thrives on ex-
ercise; even low-dose activity offers discernible health advantages. In 
real-world clinical settings, patients debilitated or encumbered by 
movement impairments may find it challenging to commit to high-dose 
exercise regimens right from the outset. In these contexts, moderate low- 
dose exercises become crucial, fostering a patient-friendly acceptance 
and adaptation to exercise therapy. This phased approach can safely 
amplify their physical capabilities, thereby enhancing the quality of life, 
a sentiment corroborated by numerous investigations(Coelho-Júnior 
et al., 2021). Furthermore, the effective dosages for various exercise 
modes are notably lower than the minimums endorsed by the WHO 
(Bernier-Jean et al., 2022), suggesting that non-specific modalities 
might confer substantial auxiliary benefits to clinical treatments, even at 
reduced intensities. The insights from this research pave the way for 
tailoring exercise dosage recommendations, subsequently amplifying 
cardiopulmonary wellness in patients undergoing hemodialysis, 
marking a pivotal stride toward precision exercise prescription for 
chronic ailment sufferers. Furthermore, it’s imperative to consider the 
distinction between weight-bearing and non-weight-bearing exercises 
when prescribing physical activity regimens for these patients. Incor-
porating a combination of weight-bearing and non-weight-bearing ex-
ercises into rehabilitation programs can offer a comprehensive approach 
to improving cardiopulmonary health while accommodating individual 
needs and limitations. Additionally, the data fortify the notion of 
bespoke exercise advisories, tailored to individual proclivities, re-
quirements, and resource availability(Pomidori et al., 2016), potentially 
steering the medical community toward a more patient-centric care-
giving paradigm(Wu et al., 2014). Although evidence-based medicine is 
gaining traction in the realm of exercise rehabilitation, manifold 

Table 3 
Exercise Recommendations for Improving Cardiopulmonary Function in Hemodialysis Patients.  

type subgroup 
analysis 

MICD(METs-min/ 
week) 

Intensity Energy expenditure(METs-min) Recommended 
Accumulation 
(minutes/week) 

Exercise Prescription 
Suggestion (sessions x 
minutes/week) 

Minimum Optimal Minimum Optimal 

− Overall 500 ~ 1751 Moderate 4.3(codes 02035) ~115 ~215 3x ~ 35 
6x ~ 20 

5x ~ 45 

Vigorous 8.0(codes02040) ~65 ~115 2x ~ 30 
5x ~ 15 

3x ~ 35 
6x ~ 20 

Mode Aerobic 354 ~ 1409 Moderate 4.3(average of codes02105、02017、 
02120、02160) 

~85 ~185 2x ~ 40 
5x ~ 20 

3x ~ 50 
6x ~ 30 

Vigorous 7.6(average of codes02005、02110、 
02019、02062) 

~50 ~105 2x ~ 25 3 x  ~ 35 
5 x  ~ 20 

Combined 288 ~ 1238 Moderate 4.8(average of codes02052、02054、 
03015、05193) 

~60 ~140 2x ~ 30 
3x ~ 20 

3x ~ 40 
5x ~ 30 

Vigorous 7.2(average of codes02040、02050、 
02020、15546) 

~40 ~100 2x ~ 20 
4x ~ 10 

3x ~ 30 
5x ~ 20 

Period ≤12 weeks 328 ~ 1307 Moderate 4.3(codes02035) ~80 ~185 2x ~ 40 
4x ~ 20 

3x ~ 50 
6x ~ 30 

Vigorous 8.0(codes02040) ~45 ~100 2x ~ 20 
3x ~ 15 

3x ~ 30 
5x ~ 20 

>12 weeks 340 Moderate 4.3(codes02035) ~80 ~280 2x ~ 40 
4x ~ 20 

4x ~ 70 

Vigorous 8.0(codes02040) ~30 ~150 2x ~ 15 3x ~ 50 
5x ~ 30 

Environment or 
Setting 

Dialysis 679 Moderate 4.3(codes02035) ~160 ~280 4x ~ 40 4x ~ 70 
Vigorous 8.0(codes02040) ~85 ~150 2x ~ 40 

5x ~ 20 
3x ~ 50 
5x ~ 30 

Non-dialysis 192 ~ 1505 Moderate 4.3(codes02035) ~45 ~135 2x ~ 20 
3x ~ 15 

3x ~ 40 
5x ~ 30 

Vigorous 8.0(codes02040) ~30 ~75 2x ~ 15 2x ~ 35 
4x ~ 20  
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research gaps persist. Investigations elucidating the efficacy of specific 
exercise modalities, or sub-group analyses against particular covariates, 
don’t yet satiate the clinical appetite. Hence, dose–response analyses 
play a pivotal role, probing for more nuanced outcomes. In conclusion, 
this study aspires to provide methodological guidance for practitioners 
within the rehabilitation domain. 

4.3. Strengths and limitations 

While several studies have attempted to evaluate the effects of ex-
ercise on cardiopulmonary function(Bernier-Jean et al., 2022; Zang 
et al., 2022), the predominant focus has been on the efficacy of exercise 
or distinctions between different types of exercise, neglecting to eluci-
date the relationship between exercise dosage and cardiopulmonary 
outcomes. Building upon a synthesis of large-sample clinical data, the 
present study boasts advantages in statistical power and evidence 
quality. We have delineated an “optimal” exercise dosage that mean-
ingfully corresponds to clinical cardiopulmonary alterations, thereby 
enhancing its clinical applicability to some extent. However, due to data 
constraints, the study did not appraise the relationship between other 
cardiopulmonary indices (e.g., blood pressure) and exercise. It also 
excluded exercise modalities beyond AT or CT and didn’t factor in 
patient-specific characteristics such as the degree of frailty. Addressing 
these shortcomings in future research endeavors will refine our dose 
predictions and further aid clinical practice. 

5. Conclusion 

Our study demonstrates that low-dose exercises effectively improve 
the cardiopulmonary function of hemodialysis patients. The mode of 
exercise, duration of intervention, and exercising environment are 
crucial in influencing the effectiveness of these exercises. These findings 
provide practical insights for clinicians to develop personalized exercise 
plans, considering patient preferences and feasibility, thus potentially 
enhancing their quality of life. However, our analysis was limited to the 
impact of aerobic and combined aerobic-resistance training, and future 
research should explore a wider range of exercise types and patient 
characteristics to refine clinical guidelines. 
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