
STATE-OF-THE-ART REVIEW

Renal Failure
2023, VOL. 45, NO. 2, 2252093

The effect of aerobic exercise on oxidative stress in patients with  
chronic kidney disease: a systematic review and meta-analysis with  
trial sequential analysis

Mengjie Zhaoa,b,c , Mengli Xiaob,c, Qin Tanb,c, Jian Lyub,c and Fang Lub,c

aGraduate School of Beijing University of Chinese Medicine, Beijing, P.R. China; bNMPA Key Laboratory for Clinical Research and 
Evaluation of Traditional Chinese Medicine, Xiyuan Hospital, China Academy of Chinese Medicine Sciences, Beijing, P.R. China; cNational 
Clinical Research Center for Chinese Medicine Cardiology, Xiyuan Hospital, China Academy of Chinese Medicine Sciences, Beijing,  
P.R. China

ABSTRACT
Purpose: The purpose of this study was to investigate how aerobic exercise affects oxidative stress 
(OS) in patients with chronic kidney disease (CKD).
Methods:  Retrieval dates range from the date the database was established to 19 July 2023, 
without languages being restricted. A meta-analysis and sensitivity analysis were conducted using 
RevMan 5.3 and Stata 16.0.
Results: The meta-analysis showed that, compared to usual activity or no exercise, aerobic exercise 
significantly reduced the oxidative markers malondialdehyde (MDA) (mean differences (MD) − 0.96 
(95% CI −1.33, − 0.59); p < 0.00001), advanced oxidation protein product (AOPP) (MD − 3.49 (95% 
CI − 5.05, − 1.93); p < 0.00001), F2-isoprostanes (F2-iso) (MD − 11.02 (95% CI − 17.79, − 4.25); 
p = 0.001). Aerobic exercise also increased the antioxidant marker superoxide dismutase (SOD) in 
CKD patients (standardized mean differences (SMD) 1.30 (95% CI 0.56, 2.04); p = 0.0005). Subgroup 
analysis showed a significant increase in glutathione peroxidase (GPX) in patients aged ≥60 years 
(SMD 2.11 (95% CI 1.69, 2.54); p < 0.00001). The change in total antioxidant capacity (TAC) after 
aerobic exercise was insignificant in patients with CKD. The trial sequential analysis supported 
aerobic exercise’s effectiveness in improving MDA, SOD, AOPP, and F2-iso in patients with CKD.
Conclusion:  The results of this review suggest that aerobic exercise improves OS indicators (MDA, 
SOD, AOPP, and F2-iso) in CKD patients compared to conventional treatment or no exercise and 
that the effects on GPX and TAC indicators need further confirmation. For better validation of 
benefits and exploration of the best aerobic exercise regimen to improve OS status with CKD, 
further studies with high methodological quality and large sample sizes are needed.

1.  Introduction

Chronic kidney disease (CKD) syndrome refers to disorders of 
the kidney that result in irreversible structural and functional 
changes. Globally, CKD prevalence is 9.1% [1], even higher in 
China and the United States for adults over 18 years old [2,3]. 
It is also strongly associated with cardiovascular disease and 
disorders of lipoprotein metabolism [4].

It is common for patients with CKD to experience chronic 
inflammation and oxidative stress (OS) [5,6]. Reducing antioxi-
dants results in OS due to a rise in reactive oxygen species 
(ROS) in the body. ROS accumulates over time in the body, 
which damages many normal substances, such as proteins, 

lipids, and nucleic acids. In addition, it activates the 
pro-inflammatory factor nuclear factor-κB (NF-κB), exacerbat-
ing the inflammatory response and accelerating the progres-
sion of kidney injury [7,8]. Excessive production of intracellular 
and extracellular oxygen-derived free radicals mediates the 
onset of kidney injury and induces an inflammatory response. 
In turn, the inflammatory response to repair free radical dam-
age stimulates the formation of additional free radicals and/or 
ROS [9]. OS interacts with the inflammatory response to accel-
erate the progression of CKD [10]. For this reason, controlling 
OS and inflammatory responses is crucial to long-term  
CKD management.
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There have been several meta-analyses that indicate that 
aerobic exercise significantly improves the nutritional status 
and physical function of CKD patients [11–17]. It also has a 
protective effect on cardiac and renal function in CKD 
patients [18–20]. Therefore, our study aims to systematically 
summarize the evidence for aerobic exercise’s effects on OS 
indicators in patients with CKD based on the results of clini-
cal trials.

The Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) statement guidelines [21] (Table S1) 
and the Cochrane Handbook for Systematic Reviews [22] 
were followed in developing this systematic review and 
meta-analysis. Also, the protocol of the study has been regis-
tered in the International Prospective Register of Systematic 
Reviews (CRD42022324191).

2.  Materials and methods

2.1.  Search strategy

A comprehensive search of PubMed, Web of Science, Embase, 
the Cochrane Library, Chinese BioMedical Database (CBM), 
China National Knowledge Infrastructure (CNKI), WanFang, and 
VIP databases from the date of creation to 19 July 2023 was 
undertaken for the present systematic review and meta-analysis. 
The search terms include ‘random,’ ‘aerobic exercise,’ ‘chronic 
kidney disease,’ ‘chronic renal failure,’ ‘oxidative stress,’ etc., with 
no language restrictions. Minor adjustments were made to suit 
the requirements of the different databases. The literature 
search used was detailed in Table S2. We also screened refer-
ence lists of selected studies and relevant review articles to 
identify experiments not discovered by database searches. 
References were stored and managed in a database created 
with EndNote X9. We reviewed each search result inde-
pendently by two authors (MJZ and MLX) and resolved dis-
crepancies by consulting with a third author (JL).

2.2.  Selection criteria

Trials that meet the following selection criteria were included: 
(1) randomized controlled trials (RCTs); (2) participants: limited 
to patients with CKD over the age of 18 years; (3) comparison 
of aerobic exercise with conventional treatment (including 
usual activities, usual/standard care, health education, etc.) or 
no exercise; (4) the primary outcomes: malondialdehyde 
(MDA), superoxide dismutase (SOD); conversely, the secondary 
outcomes: glutathione peroxidase (GPX), advanced oxidation 
protein product (AOPP), F2-isoprostanes (F2-iso), total antioxi-
dant capacity (TAC). We excluded trials that reported (1) dupli-
cate publications, (2) inability to extract or calculate the 
appropriate data from published results, and (3) pregnant or 
lactating women.

2.3.  Data extraction and quality assessment

Two researchers (MJZ and QT) read the title, abstract and full 
text separately to screen the literature and identify studies 

for inclusion and exclusion, with two researchers 
cross-checking the extracted data. An extract included the 
author and date of publication; study population characteris-
tics such as sample size, age, gender, and body mass index 
(BMI); exercise characteristics: frequency, duration, and inten-
sity; outcomes: at least one of the following outcome indica-
tors: (1) primary outcome indicator: MDA and SOD, (2) 
Secondary outcome indicators: GPX, AOPP, F2-iso, and TAC.

Cochrane risk-of-bias tool (RoB 2) [23,24] was used by two 
independent evaluators (MJZ and MLX) to assess each study’s 
risk of bias. Risk of Bias assessment covers seven areas of 
bias: randomly selecting subjects, concealing allocations, 
blinding personnel and subjects, blinding outcome assess-
ments, selective reporting of outcomes, and other biases. 
Based on these specific evaluation criteria, included studies 
were classified as ‘low risk,’ ‘high risk,’ or ‘unclear’. In disagree-
ments or inconsistencies, a third reviewer (FL) acted as an 
arbiter.

2.4.  Data analysis

With 95% confidence intervals (CI), continuous variables were 
expressed as mean differences (MD) or standardized mean 
differences (SMD). If all outcome indicators have the same 
unit of measure, we combine the data into MD with 95% CI. 
Otherwise, SMD was calculated. I2 statistics and Cochran’s Q 
tests were used to measure study heterogeneity. We used 
fixed effects models when the data had little heterogeneity 
(P for Cochran Q test ≥ 0.1, I2 ≤ 50%). Random effects mod-
els are applied when there is substantial heterogeneity 
among studies (P for Cochran Q test < 0.1, I2 > 50%). We will 
explore possible reasons for heterogeneity by considering 
subgroup analyses. Since our meta-analysis included fewer 
than 10 studies, funnel plots were not performed. Two-tailed 
tests with p < 0.05 were considered statistically significant. 
Using Review Manager 5.3 software, quantitative data syn-
thesis was conducted. The results of this meta-analysis were 
tested using Stata 16.0 software to assess their reliability.

2.5.  Trial sequential analysis

Using the TSA 0.9.5.10 Beta software, trial sequential analysis 
(TSA) was carried out to confirm the meta-analysis results. 
The type of boundary value for the hypothesis test was set 
to a two-sided test. The cumulative Z-curve crossing the 
sequential monitoring boundary or entering the futility area 
indicates that the corrected results are consistent and could 
be taken as definitive evidence.

2.6.  Certainty of evidence

In order to determine the certainty of the evidence, the 
Grading of Recommendations Assessment, Development and 
Evaluation (GRADE) system [25] was used. There were four 
grades for the evidence quality: ‘high,’ ‘moderate,’ ‘low’ and 
‘very low’. The results of the studies were presented using 
GRADEPRE 3.6 software.
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3.  Results

3.1.  Search results

Study selection is illustrated in Figure 1 with a flowchart of 
PRISMA statements. The above search protocol resulted in 
899 studies (PubMed:103 studies, Web of Science:323 studies, 
Embase:84 studies, the Cochrane Library:177 studies, CBM:72 
studies, CNKI:41 studies, WanFang:42 studies, and VIP data-
base:57 studies) being retrieved. A total of 246 duplicate arti-
cles were identified using the EndNote X9. There were 653 
non-repetitive articles, 536 of which were excluded due to 
their title/abstract and 110 were excluded by reading the full 
text. Seven RCTs were eventually included [26–32]. Three of 
the included literature languages were Chinese, and the 
remaining four were English.

3.2.  Study characteristics

The summary characteristics of the seven RCTs were shown 
in Table 1. Among the 573 patients, 291 were assigned to 
the trial group and 282 to the control group. The sample 
sizes for individual trials ranged from 18 to 140, and their 
average age was 47.06 to 68.4 years, with the majority being 

middle-aged and elderly. Five trials included subjects who 
were hemodialysis patients, and two trials included subjects 
who were pre-hemodialysis patients. The interventions in 5 
trials were aerobic exercise vs. no exercise [27,28], usual 
activity [33], usual care [29], or standard care [32]; 2 trials 
used joint exercise (aerobic exercise combined with resis-
tance exercise) vs. health education [29,30]. Most studies 
indicated the intensity of aerobic exercise, mainly focusing 
on moderate intensity; others did not specify the intensity of 
aerobic exercise. These trials were published between 2015 
and 2021. The duration of treatment also varied between tri-
als, ranging from 1 week to 16 weeks. Of the seven RCTs, four 
studies reported MDA [26,28–30], four studies reported SOD 
[27–30], five studies reported GPX [27–31], three studies 
reported AOPP [28–30], three studies reported F2-iso 
[27,31,32], and two studies reported TAC [26,31].

3.3.  Quality assessment and risk of bias

The risk of bias evaluation results were shown in Figure S1. 
The seven included studies were all RCT studies. Six studies 
described the method of random allocation, with four stud-
ies using a random number table and two that used a 

Figure 1.  Flow chart of a literature search.
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computer-generated random number. Since no allocation 
concealment scheme was mentioned, all studies were consid-
ered ‘unclear’ risks. The interventions in the trials were all 
exercises, which made blinded implementation difficult. 
Therefore, this item was rated as high risk in all articles. All 
included studies did not mention blinding in the outcome 
assessment, contributing to the ‘unclear’ risk. Five studies had 
complete data results, and two clearly described what data 
was missing and why. There was no selective reporting in 
the included studies. In six trials, there was no information 
describing the sample size calculations, which was judged to 
be an ‘unclear’ risk of other biases.

3.4.  Primary outcomes

3.4.1.  Effect on MDA
308 patients were evaluated in four RCTs to determine if aer-
obic exercise affected changes in MDA levels. These studies 
had high heterogeneity (P for Cochran Q test = 0.003, I2 = 
78%). Compared to non-exercise groups and conventional 
treatments, the aerobic exercise group had a significant 
decrease in MDA based on the meta-analysis using a random 
effects model (MD − 0.96 (95% CI −1.33, −0.59); p < 0.00001) 
(Figure 2(A)). Subgroup analysis based on the age of the par-
ticipants significantly reduced heterogeneity in studies with 
age < 60 years (P for Cochran Q test = 0.29, I2 = 18%). 
Regardless of age, MDA was significantly lower compared to 
non-exercise patients, with a 1.10 mmol/L reduction in MDA 
in patients aged < 60 years (MD − 1.10 (95% CI −1.30,  
−0.91); p < 0.00001), and in those aged ≥ 60 years, MDA was 
reduced by 0.6 mmol/L (MD − 0.60 (95% CI − 0.82, − 0.38); 
p < 0.00001) (Figure 2(B)). TSA results for MDA showed that 
the cumulative Z-curve crossed the futility area, and the 
cumulative sample size exceeded the RIS (RIS = 96 vs. actual 
sample size = 208), indicating the reliability of meta-analysis 
results support aerobic exercise’s benefits on MDA 
(Figure 2(C)).

3.4.2.  Effect on SOD
SOD data were provided for a total of 296 subjects from 4 
trials. The combined results showed that SOD was signifi-
cantly higher after aerobic exercise than conventional treat-
ment or no exercise (SMD 1.30 (95% CI 0.56, 2.04); p = 0.0005), 
with high heterogeneity in the study (P for Cochran Q test = 
0.0002, I2 = 85%) (Figure 3(A)). Study sample size appeared to 
be an important factor. Subgroup analysis based on sample 
size eliminated heterogeneity in studies with sample sizes ≥ 
60 (P for Cochran Q test = 0.50, I2 = 0%) and significantly 
improved SOD (SMD 1.91 (95% CI 1.58, 2.23); p < 0.00001). In 
tests with sample sizes < 60, no significant differences were 
found (SMD 0.55 (95% CI −0.65, 1.74); p = 0.37; P for Cochran 
Q test = 0.03, I2 = 80%) (Figure 3(B)). A TSA on SOD reveals 
that the sample size met the RIS (RIS = 92 vs. actual sample 
size = 296), and the cumulative Z-curve was above futility. 
Therefore, sufficient evidence supports aerobic exercise’s 
effect on SOD in CKD (Figure 3(C)).

3.5.  Secondary outcomes

3.5.1.  Effect on GPX
The effects of aerobic exercise on GPX were pooled from five 
RCTs, which involved 432 patients. As compared to conven-
tional treatment or no exercise, aerobic exercise had no sta-
tistically significant difference in GPX (SMD 0.99 (95% CI 
− 0.06, 2.03); p = 0.07) (Figure 4(A)). Because the heterogene-
ity between studies was significant (P for Cochran Q test < 
0.00001, I2 = 95%), subgroup analyses were conducted to 
investigate possible sources of heterogeneity. Subgroup anal-
ysis using participant age showed that GPX was significantly 
higher after aerobic exercise in studies aged ≥ 60 years (SMD 
2.11 (95% CI 1.69, 2.54); p < 0.00001) and removed 
between-study heterogeneity (P for Cochran Q test = 0.42, I2 
= 0%). In contrast, there was no statistically significant differ-
ence in studies aged < 60 years (SMD 0.23 (95% CI − 1.17, 
1.62); p = 0.75; P for Cochran Q test < 0.00001, I2 = 96%) 
(Figure 4(B)). TSA results for GPX indicate that the cumulative 
Z-curve crosses the futility area, suggesting a potential 
advantage of aerobic exercise in improving GPX in patients 
with CKD. However, the cumulative sample size did not reach 
the RIS (RIS = 747 vs. actual sample size = 432). It is neces-
sary to conduct more studies to validate the effects of aero-
bic exercise on GPX in patients with CKD (Figure 4(C)).

3.5.2.  Effect on AOPP
Three trials, including 278 participants, reported AOPP as an 
outcome. Overall, the meta-analysis showed a significant 
decrease in AOPP following aerobic exercise interventions com-
pared to treatment as usual or no exercise (MD − 4.01 (95% CI 
− 5.71, − 2.32); p < 0.00001) (Figure 5(A)). Among the included 
studies, there was significant heterogeneity (P for Cochran Q 
test = 0.002, I2 = 84%). Subgroup analysis based on participant 
age eliminated heterogeneity in studies with age < 60 years (P 
for Cochran Q test = 0.66, I2 = 0%) and did not affect the 
reduced effect of either subgroup on AOPP. In subjects aged < 
60 years, AOPP was reduced by 4.88 μmol/L (MD − 4.88 (95% CI 
− 5.90, − 3.86); p < 0.00001). In patients aged ≥ 60 years, AOPP 
was reduced by 2.70 μmol/L (MD − 2.70 (95% CI − 3.36, − 2.04); 
p < 0.00001) (Figure 5(B)). According to TSA results for AOPP, the 
cumulative Z-curve crossed both boundaries of the trial 
sequential monitoring and futility. Furthermore, the cumulative 
sample size reached the RIS (RIS = 149 vs. actual sample size = 
278), suggesting the meta-analysis results are reliable and sup-
port aerobic exercise’s benefits for AOPP (Figure 5(C)).

3.5.3.  Effect on F2-iso
Three RCTs involving 265 patients assessed the aerobic exer-
cise’s effect on changes in F2-iso. There was high heteroge-
neity between these studies (P for Cochran Q test = 0.11, I2 
= 56%). Meta-analysis showed a significant reduction in 
F2-iso after aerobic exercise compared to conventional treat-
ment or no exercise (MD − 11.02 (95% CI − 17.79, − 4.24); 
p = 0.001) (Figure 6(A)). Subgroup analysis based on partici-
pant age showed a significant reduction in F2-iso after 
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aerobic exercise in both subgroups (p < 0.0001). Subgroup 
analysis eliminated heterogeneity in the study for age 
≥60 years (MD − 15.95 (95% CI − 23.05, − 8.84); P for Cochran 
Q test = 0.92, I2 = 0%) (Figure 6(B)). Moreover, TSA showed 
that the F2-iso’s Z-curve crossed the sequential monitoring 
boundary and the futility area and that the cumulative sam-
ple size reached RIS (RIS = 213 vs. actual sample size = 265). 

This result suggests that the benefits observed in the current 
information set are shown to be decisive (Figure 6(C)).

3.5.4.  Effect on TAC
The two studies were analyzed using a random effects model. 
The pooled results indicated that aerobic exercise had no 
significant effect on TAC compared to usual treatment or no 

Figure 2. A erobic exercise’s effect on MDA (A) and age-related subgroup analyses (B); the plot of TSA of the efficacy of aerobic exercise on MDA (C).
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exercise (MD − 0.24 (95% CI − 0.68, 0.20); p = 0.29), with sig-
nificant heterogeneity across studies (P for Cochran Q test 
<0.00001, I2 = 97%) (Figure 7(A)). Since there were only two 
studies, we did not perform subgroup analyses. Given the 
differences in the characteristics of the populations included 
in the two studies, we considered that the presence of 

heterogeneity might be related to patient age and dialysis 
status. In TSA analysis, the Z-curve for TAC did not cross 
either the futility area or the trial sequential monitoring 
boundary, nor did it enter the RIS (RIS = 1351 vs. actual sam-
ple size = 166). This result suggests that more research is 
necessary to validate it (Figure 7(B)).

Figure 3. E fficacy of aerobic exercise on SOD (a); subgroup analysis based on sample size (B); the plot of TSA (C).
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3.6.  Adverse events

This review found only one study that reported adverse out-
comes associated with exercise training, including rapid 
atrial fibrillation after hospitalization (1 patient), hypotension 

due to weight loss (2 patients), chest pain during exercise (1 
patient), Achilles tendon pain (1 patient), and joint pain 
during exercise (1 patient); the one adverse event poten-
tially relevant to the study was knee pain during exercise.

Figure 4. A erobic exercise’s effect on GPX (A) and age-related subgroup analyses (B); the plot of TSA (C).
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3.7.  Sensitivity analysis

We conducted sensitivity analyses separately for MDA, SOD, 
GPX, AOPP, F2-iso, and TAC in order to verify their robust-
ness. After removing each study, sensitivity analyses for the 
six groups showed strong and stable overall results 
(Figure S2).

3.8.  Certainty of evidence

In Table S3, the quality of evidence scores for AOPP is mod-
erate, and the quality of evidence for MDA and F2-iso is low. 
There was a very low level of evidence for the remaining 
outcomes. This was largely due to the high risk of bias in the 
included studies, inconsistency and publication bias.

Figure 5. A erobic exercise’s effect on AOPP (A) and age-related subgroup analyses (B); the plot of TSA (C).

https://doi.org/10.1080/0886022X.2023.2252093
https://doi.org/10.1080/0886022X.2023.2252093
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4.  Discussion

This study aimed to evaluate the effect of aerobic exercise 
on the changes in OS indicators in patients with CKD. We 
included seven studies involving 573 subjects. According to 
pooled analyses, aerobic exercise decreased MDA, F2-iso, and 
AOPP significantly and increased levels of the antioxidant 
SOD compared with conventional treatment or no exercise. 
Here, the results of the TSA are consistent with those of the 

meta-analysis, suggesting that no further evidence is required. 
However, changes in GPX and TAC were not significant. Our 
subgroup analysis by age showed that aerobic exercise sig-
nificantly increased GPX in older patients aged ≥ 60 years, 
while TAC remained insignificantly improved. Similarly, the 
TSA further confirms the results for GPX and TAC. The TSA 
analysis shows that the two indicators are insufficient to 
obtain definitive results and that more high-quality, extensive 
sample-size studies are needed.

Figure 6. E ffect of aerobic exercise on F2-iso (A) and age-related subgroup analyses (B); the plot of TSA of the efficacy of aerobic exercise on F2-iso (C).
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According to a recent meta-analysis [33], aerobic exercise 
in older adults aged ≥60 years significantly reduced oxidative 
markers MDA, F2-iso, glutathione/oxidized glutathione (GSH/
GSSG), and increased antioxidant markers SOD and TAC. This 
is consistent with our findings. Furthermore, aerobic exercise 
showed a significant age-related effect in improving OS lev-
els. This may be related to the higher basal OS levels in the 
elderly compared to the young [34]. Therefore, older people 
showed a more substantial ameliorative effect when per-
forming aerobic exercise at the same intensity.

After aerobic exercise, TAC was significantly higher in 
CKD patients, according to Sovatzidis et  al. [35] and Forsse 
et  al. [36]. In TAC, the availability of free radical-scavenging 
compounds is measured rather than innate antioxidant 
capacity, and nutrition plays a significant role [37]. Studies 
have confirmed that TAC in CKD patients is both 
calorie-limited and associated with inadequate antioxidant 
intake [38]. Hemodialysis treatment itself can also exacer-
bate OS damage [39, 40]. Therefore, differences in studies of 
TAC in CKD may be related to multiple factors such as dial-
ysis, comorbidities, and inadequate intake of dietary restric-
tions antioxidants.

As CKD is a chronic inflammatory disease, OS is crucial in 
causing inflammation [41]. According to a recent systematic 
review and meta-analysis [42], exercise significantly reduced 
inflammatory factor levels, improved renal function, and 
delayed kidney disease progression, which was more pro-
nounced in aerobic exercise. Despite this, none of the recent 
meta-analyses has systematically examined how aerobic exer-
cise affects OS in chronic kidney disease. It is important to 
consider that reduced levels of organismal inflammatory fac-
tors are insufficient to eliminate the clinical outcome of CKD 
[43–45]. It has been found that organismal OS indicators are 
at high levels in CKD, leaving patients with chronic OS [10]. 
Therefore, reducing the level of OS in the body of CKD 
patients is essential to control and mitigate the development 
of CKD. The results of a meta-analysis showed that exercise 
reduced pro-oxidant parameters and increased human anti-
oxidant capacity [46]. However, the impact of aerobic exer-
cise on OS in CKD seems inconsistent. Meléndez-Oliva et  al. 
[47] found that aerobic exercise did not significantly improve 
the OS level of hemodialysis patients. Fatouro et  al. [48] 
showed that acute exercise exacerbated OS in hemodialysis 
patients. The results of aerobic exercise on OS in CKD are 

Figure 7. A erobic exercise’s effect on TAC (a); the plot of TSA of the efficacy of aerobic exercise on TAC (B).
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contradictory. Therefore, this study summarized all RCTs and 
found that aerobic exercise improved OS indicators and, to 
some extent, OS status in CKD.

Nuclear factor erythroid 2-related factor 2 (Nrf2) may have 
an essential role in regulating OS and inflammation. Nrf2 acti-
vation and downstream gene products are significantly down-
regulated in the CKD setting [45]. It may be related to the 
impaired antioxidant capacity of CKD patients. Therefore, Nrf2 
could be an important therapeutic target to counteract OS in 
CKD [49]. Some studies have confirmed [50,51] that exercise 
positively affects the expression of Nrf2. During aerobic exer-
cise, Nrf2 activates the antioxidant enzymes GPX and SOD 
[52,53], inhibiting peroxidative tissue damage. Therefore, aer-
obic exercise is considered a non-pharmacological treatment 
to improve the OS status of CKD patients.

In only one study [32], adverse events associated with 
exercise training were reported in patients with CKD stages 3 
and 4, most of whom had an underlying condition, such as 
hypertension or diabetes. In addition, about half of the 
patients had a history of smoking. We hypothesize that 
adverse events during exercise training may be influenced by 
many factors, including the patient’s underlying disease, CKD 
stage, and personal history. Therefore, it is essential to con-
sider demographic factors when targeting aerobic exercise 
interventions for CKD patients’ OS. Individualized aerobic 
exercise training programs should be developed based on 
the characteristics of CKD patients.

The GRADE system uses a highly structured approach to 
classify the levels of evidence. It presents the evaluation 
items in an item-by-item listing so that clinicians can under-
stand the effectiveness and feasibility of the interventions 
and make clinical decisions [54]. Of the indicators in this 
study, AOPP was moderate quality evidence, MDA and 
F2-iso were low-quality evidence, and SOD, GPX, and TAC 
were all very low-quality evidence. This suggests there may 
be a gap between the efficacy predicted in this study and 
the actual effectiveness. There is still a need to include 
higher-quality RCTs to improve the level of evidence in 
the future.

The current study has several limitations. First, complete 
data were unavailable, and despite our efforts to contact 
the authors, data were missing from some trials. Second, 
the varied data collection and measurement methods across 
studies could cause significant heterogeneity. Third, the 
study subjects were not completely homogeneous, with 
factors like age, dialysis, co-morbidities, obesity, and CKD 
stage potentially affecting outcomes. Despite these issues, 
we collected a comprehensive range of literature. We also 
conducted subgroup analyses and a secondary assessment 
via TSA to enhance the reliability and credibility of our find-
ings. Therefore, this study may offer objective evidence on 
the link between aerobic exercise and OS in CKD patients.

5.  Conclusions

In conclusion, our study showed that aerobic exercise signifi-
cantly increased the antioxidant marker SOD and decreased 

the oxidative markers MDA, F2-iso, and AOPP in CKD com-
pared to conventional treatment or no exercise. However, the 
effects on GPX and TAC need further confirmation. This may be 
partly related to patient age, dialysis, comorbidities, low antiox-
idant intake, and the few included articles. The current data are 
only preliminary results, and in the future, it will be necessary 
to develop uniform exercise training standards for patients 
according to the different stages of chronic kidney disease. 
More RCTs with large sample sizes, multicenter, long-term 
follow-ups, and testing of a broader range of plasma oxidative 
and antioxidant markers should be conducted to confirm the 
effect of aerobic exercise on the treatment of OS and preven-
tion of CKD progression at all stages of CKD.
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