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Abstract: Background: People living with chronic kidney disease (CKD) are at increased risk of
cognitive impairment. Exercise may improve cognitive function. This systematic review
and meta-analysis of randomized controlled trials (RCTs) was completed to determine
the efficacy and harms of exercise in improving cognitive function in people living with
CKD.
 
Methods: A systematic literature review identified RCTs of people with any stage of
CKD, with an intervention that exercised large-muscle groups, and with a validated
outcome measure of cognitive function. First, harms were analyzed. Then a random-
effects meta-analysis was completed with subsequent planned subgroup analyses to
investigate heterogeneity between CKD stages and treatments, between different
exercise types, durations and intensities, and between different outcome
methodologies. Finally, quality of evidence was rated.
 
Results: Nineteen trials randomized 1160 participants. Harms were reported on 94
occasions in intervention groups vs. 83 in control. The primary analysis found that
exercise had a small but statistically significant effect on cognition in CKD (effect size
(ES) = 0.22; 95% confidence intervals (CI95) = 0.00, 0.44; p = 0.05). However, the
quality of evidence was rated as low. Subgroup analyses found that type of exercise
moderated the effect on cognition (χ2 = 7.62; p = 0.02), with positive effects only
observed following aerobic exercise (ES = 0.57; CI95 = 0.21, 0.93; p = 0.002).
 
Conclusions: Across the spectrum of CKD, exercise had a small but positive and
clinically meaningful effect on cognitive function and did not appear to be harmful.
Aerobic exercise was particularly beneficial. However, results must be interpreted
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cautiously due to the low quality of evidence. Nevertheless, care teams may choose to
recommend aerobic exercise interventions to prevent cognitive decline. Researchers
should design unbiased studies to clarify what intensity and duration of exercise is
required to maximize efficiency of such exercise interventions.
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Key Points:  

 Cognitive impairment is common in chronic kidney disease (CKD). Exercise targets 

multiple risk factors of cognitive decline. 

 Meta-analysis found that exercise had a small but positive effect on cognitive function in 

CKD, albeit the quality of evidence was low. 

 Further analyses revealed that aerobic exercise was particularly beneficial, and that 

exercise did not substantially increase harms.  
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Abstract 

Background: People living with chronic kidney disease (CKD) are at higher risk of cognitive 

impairment. Exercise may improve cognitive function. This systematic review and meta-analysis 

of randomized controlled trials (RCTs) was completed to determine the efficacy and harms of 

exercise in improving cognitive function in people living with CKD. 

 

Methods: A systematic literature review identified RCTs of people with any stage of CKD, with 

an intervention that exercised large-muscle groups, and with a validated outcome measure of 

cognitive function. First, harms were analyzed. Then a random-effects meta-analysis was 

completed with subsequent planned subgroup analyses to investigate heterogeneity between 

CKD stages and treatments, between different exercise types, durations and intensities, and 

between different outcome methodologies. Finally, quality of evidence was rated.  

 

Results: Nineteen trials randomized 1160 participants. Harms were reported on 94 occasions in 

intervention groups vs. 83 in control. The primary analysis found that exercise had a small but 

statistically significant effect on cognition in CKD (effect size (ES) = 0.22; 95% confidence 

intervals (CI95) = 0.00, 0.44; P = 0.05). However, the quality of evidence was rated as low. 

Subgroup analyses found that type of exercise moderated the effect on cognition (χ2 = 7.62; P = 

0.02), with positive effects only observed following aerobic exercise (ES = 0.57; CI95 = 0.21, 0.93; 

P = 0.002).  

 

Conclusions: Across the spectrum of CKD, exercise had a small but positive and clinically 

meaningful effect on cognitive function and did not appear to be harmful. Aerobic exercise was 

particularly beneficial. However, results must be interpreted cautiously due to the low quality 

of evidence. Nevertheless, care teams may choose to recommend aerobic exercise 

interventions to prevent cognitive decline. Researchers should design unbiased studies to 

clarify what intensity and duration of exercise is required to maximize efficiency of such 

exercise interventions.  

Keywords:  

Cognition; Cognitive impairment; Dementia; Dialysis; Physical Activity.  
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Introduction  

Cognitive impairment (CI) describes a range of worsening cognitive function from mild CI which 

does not diminish appreciably a person’s ability to carry out activities of daily living (ADLs), to 

dementia, which does. CI burdens affect an individual, their families, and health social care 

systems (1). 

 

People living with chronic kidney disease (CKD) are at higher risk of CI than those without CKD 

(2). Estimates of CI prevalence in CKD range from 20 – 80%, depending on degree of kidney 

impairment and treatment modality (3). Changes to cognitive function can occur early in the 

progression of CKD, and different domains of cognition are affected at different rates (4). 

Predictors of CI in individuals with CKD include traditional risk factors (such as cerebrovascular 

and cardiovascular disease, diabetes, hypertension, dyslipidemia) and non-traditional risk 

factors (such as increased blood concentrations of urea and its metabolites, anemia, 

depression, and polypharmacy) (2,3).  

 

In the general population, the World Health Organization (WHO) strongly recommends physical 

exercise, as well as management (including exercise) of diabetes and hypertension to reduce 

risk of CI (1). Generally, physical activity seems to have beneficial effects on brain structures, but 

other indirect mechanisms such as positive effects of exercise on cardiovascular risk factors, 

and other biological mechanisms such as enhanced immune function and anti-inflammatory 

properties, are also possible (1). Exercise has also been proposed to improve cognition in 

people living with CKD, as there is evidence that it ameliorates multiple risk factors for cognitive 

decline, including insulin resistance (5), high blood pressure (6), arterial stiffness (7), quality of 

life (6,8), obesity (9), and depression (7,8).  

 

Additionally, observational data in CKD suggests an association between activity levels and 

cognitive function (10), albeit not all studies concur (11). There have also been several discursive 

reviews of studies including people living with CKD which investigated cognition as a primary 

outcome (12–15), one systematic review (16), and two meta-analyses (8,17) of randomized 

controlled trials that only included dialysis patients. The systematic review (16) and the meta-

analyses (8,17)  generated contradictory findings, with the Cochrane meta-analysis concluding 

there was no overall effect of exercise on cognition (8). Whilst utilizing a robust methodology, 

Copyright © 202  4 by the American Society of Nephrology

ACCEPTED



 

the Cochrane meta-analysis included only five studies, investigated dialysis patients only, 

combined multiple exercise modes including very low intensity exercise (such as yoga) which 

may have diluted any potential effects of exercise on cognition, and did not grade the quality of 

evidence for the secondary outcome of cognition.  

 

Therefore, the present meta-analysis aimed to re-examine the efficacy of exercise interventions 

in improving cognition in people living with CKD. We also carefully assessed harms and quality 

of evidence in recent trials that investigated all stages of CKD, and separately assessed the 

moderating effects of different exercise types and outcome methodologies. Thus, the present 

study provides important novel information for clinicians and researchers. 

 

 

Methods 

Study design and search strategy 

This systematic review and meta-analysis study was registered at 

www.crd.york.ac.uk/prospero, number CRD42021271184.  

A librarian was consulted; the full search strategy including search terms is available upon 

request.  

 

Information sources 

The final search of four databases (Medline, PubMed, CINAHL and Web of Science) was 

completed on the 1st November 2023. A search of grey literature was also completed 

(www.opengrey.eu) and reference lists of relevant studies were also reviewed.  

 

Eligibility criteria 

RCTs reported in English were included if they recruited adults with CKD undergoing any 

treatment and included any exercise intervention which exercised large muscle groups. Whilst 

the current guidelines recommend a minimum of 150 minutes of moderate intensity exercise 

per week (18), there is evidence that any level of activity is beneficial for other health-related 

outcomes in CKD (19). Therefore, exercise of any duration and intensity was included. 

Acceptable controls were usual care; attention control (including sham exercise); brain training; 

or diet change. Acceptable outcomes included cognition measured by any validated method.  
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Data collection process 

The mean cognition score from the end of the intervention period, and standard deviation (SD) 

of this score, were collected. Where baseline data were presented as separate groups, the 

values were combined as previously recommended (20).  

 

Risk of bias  

Bias risk within each study was assessed using the revised Cochrane risk-of-bias tool for 

randomized trials (RoB 2) across five domains: the randomization process; due to deviations 

from the intended interventions; arising from missing outcome data; from the measurement of 

the outcome; and from selective reporting of results within trials (21).  

Risk of publication bias assessment 

To assess risk of publication bias, a visual assessment of a funnel plot of the included studies 

and Egger’s regression test were used to assess asymmetry (31). The Outcome Reporting Bias in 

Trials (ORBIT) guidelines (32) were used to judge risk of bias arising from non-reporting of 

outcomes in papers which would otherwise have been included in the analysis. 

 

Reporting of harms 

Harms were defined as originally described by the primary authors and all harms were included 

regardless of type and severity. Because a statistical analysis of harms would likely have been 

underpowered, harms were only presented descriptively and no formal risk of bias when 

reporting harms was calculated.  

 

Summary measures and data synthesis 

The primary outcome measure was the standardized mean difference in cognitive test scores 

post-intervention, comparing exercise intervention to control. Results are presented as effect 

estimate (effect size) (ES) and 95% confidence intervals (CI95), interpretated as per Cohen where 

0.2 = small effect; 0.5 = moderate effect; and 0.8 = large effect (22). P-value for significance was 

set at P ≤ 0.05. 
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Where there were multiple interventions, the exercise groups were combined into one, as 

recommended (20). Where data were presented as medians (range or interquartile range), 

sample means and SD were estimated as recommended (23). Where 95% confidence intervals 

were presented and N < 60, SD was estimated using the t-distribution look-up function of 

Microsoft Excel. If N > 60, the t-statistic was presumed to be 3.92. Forest plots were used to 

visualize the effect outcomes.  We predominantly used RevMan software (24), and JASP (25) for 

the meta-regressions and funnel plot. χ 2 was used as a test of heterogeneity, with the I2 statistic 

as an indicator of the proportion of variance being due to true heterogeneity. Values for I2 were 

interpreted as recommended (26).  

 

To investigate heterogeneity between studies, as indicated by a statistically significant χ 2 test, a 

further five analyses were planned a priori: 

i) Subgroup analysis comparing stage and treatment of CKD. This analysis split participants into 

the subgroups of stage 1 – 4, kidney transplant, and dialysis patients (4). In this and all other 

subgroup analyses, differences between subgroups were assessed using χ2, and subgroups 

within studies adopted the moniker given by the original authors. 

ii) Subgroup analysis comparing type of exercise intervention. This analysis grouped participants 

by type of exercise: aerobic (defined as structured physical activity that likely relied upon 

aerobic metabolism, typically activity that was sustained for more than 10 minutes and utilized 

large muscle groups to improve capacity of the cardiovascular system) resistance (structured 

physical activity that utilized dynamic or static muscle contract resisted by an external force), 

flexibility (structured physical activity designed to enhance joint range of motion), or combined 

(at least two of the above) (27–30).  

iii) Meta-regression investigating the relationship between intensity of exercise and effect size. 

Exercise interventions were defined as low, moderate or high intensity (defined in 

Supplementary Table 1). In this and all other meta-regressions, the treatment effect within each 

study was adjusted by taking into account the moderator (in this example, intensity of 

exercise). Then, a Q-test was used to assess the relationship between the moderator and the 

overall treatment effect. A significant Q value suggests a moderator influences the overall 

treatment effect greater than would be expected by chance. Furthermore, a significant test of 

residual heterogeneity would suggest there was a degree of unexplained difference between 

the subgroups.  
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iv) Meta-regression exploring the association of length of intervention period with effect size.  

v) Subgroup analysis of objective versus subjective measures of cognition.  

 

Rating quality of evidence 

The Grading of Recommendations Assessment, Development, and Evaluation (GRADE) system 

was used to rate the quality of evidence supporting the primary and subgroup analyses (56).  

 

 

Results 

Study selection and characteristics 

Of 922 unique studies, 124 full texts were assessed for eligibility, resulting in 19 studies 

included in the meta-analysis (Figure 1) (33–51). Study characteristics can be found in 

Supplementary Tables 2, 3 and 8. The number of participants randomized in each study ranged 

from 16 (34) to 296 (36); the total number of participants randomized was 1,160. There were 

data available for 953 participants (481 participants in intervention and 472 in control groups). 

(34)(36)Only six of 19 studies specifically stated that cognitive function was a primary outcome.   

 

Participant characteristics 

The weighted mean age of participants at baseline was 58 years. The proportion of women in 

each study ranged from 15 (51) to 60% (47). One study included kidney transplant patients (34); 

two studies included patients with stage 1 to 4 disease (49,50); 14 studies included hemodialysis 

patients (33,35, 37–47,51); one study included peritoneal dialysis (PD) patients (48) and one 

study (36) included both hemodialysis and PD patients (Supplementary Table 2).  

 

One study required participants to be literate (45). Eight of the included studies excluded 

patients with dementia (41,43,46) or a cognitive disturbance which would affect their ability to 

participate (33,37,38,45,51).  

 

Six studies explicitly included those who were sedentary or not undertaking any regular physical 

activity (33,34,37,38,40,42). An additional three studies found all their participants to be 

relatively inactive at baseline (defined by comparison to other chronically ill patients (47), or by 

being less fit than healthy patients by Six Minute Walking Test (39), or by stating that 55% of 
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their participants were inactive) (45). Four studies excluded patients undertaking regular 

exercise or deemed to have an existing high level of fitness (35,36,42,46).  

 

Interventions 

Details of each study’s exercise prescription are summarized in Supplementary Tables 2 and 8. 

Frequency of exercise ranged from two (34,37,38) to 28 sessions per week (50) (mode frequency 

= three sessions per week). Three studies or subgroups used a low intensity intervention 

(33,35,36); fifteen studies or subgroups used moderate intensity(34,35,37–40,42–44,46–51); one 

study used high intensity (45); and one study did not report exercise intensity (41). The duration 

of exercise sessions varied from 10 to 75 minutes.  

 

Eleven of 15 hemodialysis studies performed intradialytic interventions (33,35,37,38,40,41,43–

46,51). Eight studies or subgroups used an aerobic exercise intervention (33,36,38,41,44,45,50,51); 

seven used resistance exercise (33–35,37–39,43); six used combined interventions (40,42,46–49); 

no studies used flexibility exercise. Four studies used stretching as a control (35,39,43,51) and 

two studies used oral nutritional supplements in both intervention and control groups (37,38). 

Six interventions were home-based (36,42,47–50); two were supervised in a gym or rehab 

environment (34,39); and the remaining eleven were supervised at the dialysis unit 

(33,35,37,38,40,41,43–46,51).  

 

Adherence 

Eleven studies reported adherence, usually as a proportion of sessions completed out of those 

offered: mean adherence was reported between 33 – 100% (34–38,40,46,48–50). Using a 

different method to report adherence, Tawney et al. found that participants in the intervention 

group increased their self-reported moderate intensity activity by an hour per week (47). Six 

studies did not report adherence to the intervention (33,39,41,42,45,51). 

 

Risk of bias in studies  

Overall, all studies were found to be at high risk of bias (Supplementary Table 6), due to several 

common themes: outcome assessors and/or participants being unblinded (domain 4); missing 

data which could be due to the value of the missing data itself (domain 3: e.g. patients with 
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poor cognitive function may be more likely to drop out due to assessment confusion or 

cognitive fatigue); and failure to report the method of allocation concealment (domain 1).  

 

Risk of publication bias 

The visual assessment of the funnel plot (see Supplementary materials Figure 1) and negative 

Egger’s test (P = 0.52) suggested no overt asymmetry and thus no effect of publication bias. 

 

Harms 

Harms were reported on 94 occasions in intervention groups vs. 83 occasions in control. Harms 

were reported in the text (35,37–41,47,49,51) or participant flowcharts (33,35–38,44,48,50,51). 

The variable use by primary authors of passive and active harm ascertainment, of non-validated 

tools to measure harms, and of variable definitions of severity may have led to bias and either 

under or over reporting of harms. To partially overcome this possible bias, individual harms are 

described and reported separately for each study and each intervention in Supplementary 

Tables 4 and 5.      

 

Primary analysis  

In people living with CKD, exercise had a small but statistically significant and clinically 

meaningful effect on cognition compared to control (ES = 0.22; CI95 = -0.00, 0.44; P = 0.05: 

Figure 2). There was a large degree of variability within most studies (as evidenced by point 

estimates varying across studies, and minimal overlap between 95% confidence intervals) and 

the test for heterogeneity indicated a substantial degree of difference between the studies (χ2 = 

45.6, p < 0.001), which was unlikely to all be attributable to chance (I2 = 61%). This 

inconsistency, combined with the risk of bias as described above, led to a downgrading of the 

quality of evidence from ‘high’ to ‘low’ (see table 1).  

 

Subgroup analysis by CKD stage and treatment (kidney transplant vs dialysis vs stage 1 – 4) 

There was no meaningful nor statistical effect of exercise on cognition demonstrated in the 

dialysis group (ES = 0.15; CI95 = -0.08, 0.39; P = 0.21: Figure 3). Although moderate positive effect 

sizes of exercise on cognition were observed in people with stage 1–4 disease (ES = 0.73; CI95 = -

0.13, 1.58; P = 0.09), and in people with a kidney transplant (ES = 0.49; CI95 = -0.51, 1.49; P = 

0.34), these effects were also not significant. Moderation analysis revealed that CKD stage and 
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treatment did not moderate the effect of exercise on cognition (χ2 = 1.95, P = 0.38). 

Inconsistency between studies, risk of bias, and imprecision in the estimated effect led to a 

downgrading of the quality of evidence from ‘high’ to ‘very low’ (see table 1). 

 

Subgroup analysis by type of exercise  

Moderation analysis suggested that the type of exercise did moderate the effect of exercise on 

cognition (χ2 = 7.62; P= 0.02). Aerobic exercise alone had a moderate positive effect on 

cognition (ES = 0.57; CI95 = 0.21, 0.93; P = 0.002: Figure 4). In contrast, neither resistance 

exercise (ES = 0.01; CI95 = -0.27, 0.29; P = 0.96) nor combined interventions (ES = -0.07; CI95 = -

0.41, 0.28; P = 0.71) had any effect on cognition. Inconsistency between studies and risk of bias 

led to a downgrading of the quality of evidence from ‘high’ to ‘low’ (see table 1). 

 

Meta-regression investigating intensity of exercise as a moderator (or covariate) 

The meta-regression found no effect within the low intensity exercise subgroup (coefficient = 

0.02; CI95 = -0.48, 0.52; P = 0.94, see Supplementary materials Figure 2) or within the moderate 

intensity exercise subgroup (coefficient = 0.16; CI95 = -0.40, 0.72; P = 0.58) on cognition but did 

find an effect within the high intensity exercise subgroup (coefficient = 1.29; CI95 = 0.15, 2.42; P 

= 0.03). However, the test of the relationship between intensity and the overall treatment 

effect was non-significant (Q = 5.1 and P = 0.08), indicating that the relationship between 

intensity and cognition could be explained by chance, and the test for residual heterogeneity 

indicated that there were remaining unexplained differences between the groups (Q = 37.4, P = 

0.002). Inconsistency between studies, risk of bias, and imprecision in the estimated effect led 

to a downgrading of the quality of evidence from ‘high’ to ‘very low’ (see Table 1). 

 

Meta-regression examining length of intervention as a moderator (or covariate) 

The mode length of intervention was 12 weeks (35,37–40,48,51) (range: eight weeks (33) to six 

months (47)). There was no relationship between the length of the intervention in weeks and 

the effect on cognition (coefficient = 0.005; CI95 = -0.03, 0.04; P = 0.78, see Supplementary 

materials Figure 3), suggesting longer interventions were not more effective at improving 

cognition compared to shorter interventions. Inconsistency between studies and risk of bias led 

to a downgrading of the quality of evidence from ‘high’ to ‘low’ (see Table 1). 
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Subgroup analysis by type of outcome measurement (objective vs subjective) 

Six studies (39, 41-43, 45-46) used one or more objective measurements of cognition (see 

supplementary table 3). The remaining 13 studies used the Kidney Disease Quality of Life 

assessment (KDQOL) (35) or KDQOL-Short Form (KDQOL-SF) (33,34,36–38,40,44,47–51). Both 

contain three self-reported questions targeting cognitive function: concentration, becoming 

confused, and reacting slowly to stimuli.  Although a moderate positive effect size was obtained 

for objective measures (ES = 0.38; CI95 = -0.16, 0.91; P = 0.17, see Supplementary materials 

Figure 4), this effect was not significant. No meaningful nor statistical effect of exercise on 

cognition was obtained when measured using a subjective assessment (ES = 0.15; CI95 = -0.08, 

0.39; P = 0.21). Moderation analyses revealed that outcome measure did not moderate the 

relationship between exercise and cognition (χ2 = 0.58, P = 0.45). Inconsistency between 

studies, risk of bias, and imprecision in the estimated effect led to a downgrading of the quality 

of evidence from ‘high’ to ‘very low’ (see Table 1). 

 

 

Discussion 

Based on the most comprehensive meta-analysis to date, this study found that exercise, 

particularly of an aerobic type, leads to a small but statistically significant and clinically 

meaningful improvement in cognitive function in individuals living with CKD. This positive effect 

was obtained without appreciably increasing the number of harms as compared to comparator 

treatments. However, these findings must be interpreted cautiously due to the low quality of 

evidence supporting the primary analysis, and the very low quality of evidence supporting the 

subgroup analyses.  

 

Physical activity is known to be beneficial for people living with CKD (6) and is generally 

considered safe in this population (19). The present study suggests that cognitive function is an 

additional domain which benefits from exercise. Of two previous meta-analyses that have 

investigated the effect of exercise on cognition, Liu et al. found that exercise did improve 

cognition (23). In contrast, Bernier-Jean et al. did not (8). Differences in findings may be due to a 

few reasons. First, Bernier-Jean et al.’s analysis included only five studies. Second, Bernier-Jean 

et al. combined the results of multiple exercise modes rather than separately assessing the 

effects of very low intensity exercise (such as yoga) versus high intensity exercise modes in their 
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primary analysis. Third, Bernier-Jean et al. only used subjective KDQOL-SF data, rather than 

objective measures which are more sensitive to change (61). Fourth, Bernier-Jean et al. 

included hemodialysis and PD patients only (12). It is noteworthy that the positive effect of 

exercise found in the present study is also consistent with the World Health Organization’s 

recommendation that physical activity should be recommended to otherwise healthy adults 

with normal cognition and with mild cognitive impairment to reduce the risk of cognitive 

decline (1).  

 

Within the present study, pre-planned subgroup analyses revealed that type of exercise 

moderated its effect on cognition. Specifically, aerobic exercise was identified as the most 

efficacious, more so than progressive resistance training and combined exercise programs. 

Although the quality of evidence was very low, this finding is consistent with previous studies in 

dialysis patients only (8) and with findings in people without CKD (1). Presumably, aerobic 

exercise enhances the physiological benefits of physical activity that reduce risk of cognitive 

decline, such as improved regulation of hippocampal function, neurogenesis, synaptic plasticity, 

and cerebral blood flow, and a reduction in cardiovascular risk and proinflammatory activity 

(10). 

 

As well as the type of exercise, when prescribing exercise interventions care teams and 

researchers must decide on the intensity and duration of exercise. The present study found that 

higher intensity exercise had a higher effect size than low intensity exercise, consistent with 

findings in the general population suggesting the highest levels of physical exercise seem to be 

most protective (1). However, in the present meta-analysis the relationship between intensity 

and cognition was not statistically significant (P = 0.08). Nor was any evidence found for a 

relationship between the length of the intervention and its effect on cognition (P = 0.78). This is 

somewhat surprising but may be due to many of the reviewed papers including older 

participants, which would be consistent with the lack of relationship found in elderly adults 

without CKD (52), or it may be due to the lack of studies within the literature that have utilized 

different intensity and length interventions. Alternatively, study heterogeneity, such as 

differences in baseline fitness of participants, may prevent an exercise dose effect being 

demonstrated (52). Further research of higher quality is needed to properly examine the dose-

response relation of exercise intensity and duration. For now, following guidelines (19) to 
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gradually progress exercise duration and then intensity to recommended amounts seems 

prudent. 

 

As CKD is generally a progressive disease, care teams and researchers must also decide at what 

stage of CKD to implement exercise intervention. The present meta-analysis found larger effect 

sizes of exercise in early than late CKD stages, but because there was no statistically significant 

moderating effect of CKD stage and treatment type (P = 0.38), further research is required to 

determine whether CKD stage and treatment type moderates the relationship between exercise 

and cognition. However, CI begins in the earlier stages of CKD and is associated with poor 

health literacy as CKD progresses (4). Early blood pressure control may preserve cognitive 

function (3). Exercise may improve blood pressure control in stages 1 to 4 CKD patients, but has 

little effect in HD and transplant patients (53). Poor compliance to exercise interventions is also 

common in later stage CKD patients, due to intercurrent medical events and fatigue (54). Taken 

together, exercise seems particularly pertinent for patients in the earlier stages of CKD.   

Another important consideration for care teams and researchers is which outcome measures 

are best to audit and investigate exercise interventions. We found the effect size was greater, 

but not significantly so (P = 0.45), for objective measures of cognition in comparison to 

subjective, self-reported measures. Relatedly, WHO Guidelines in the general population define 

objective measures as ‘critical’, and subjective measures as ‘important’ (1). For now, evaluating 

exercise interventions using more than one outcome measure of cognitive function seems 

sensible.  

 

When evaluating the balance of benefits of exercise with potential harm, 10 of 19 studies did 

not exclude patients with illiteracy or dementia, yet the reporting of harms was not 

substantially increased with exercise intervention (94 occasions) in comparison to control (83 

occasions). This suggests the observed beneficial effects of exercise are safely applicable to 

typical CKD patients, many of whom harbor undiagnosed CI (3).  

 

The present findings must be interpreted in relation to the high risk of bias present within 

primary studies, albeit using a conservative approach to the risk of bias assessment. Bias in 

reporting of harms within primary studies may also have led to under or over reporting of 

harms. The conservative assessment of risk of bias (primarily due to lack of blinding), combined 
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with inconsistency of results (primarily due to different estimates of the effect between 

studies), and for some subgroup analyses, imprecision of results (primarily due to smaller 

sample sizes of some subgroups), led to a downgrading of the quality of evidence from ‘very 

high’ to ‘low’ (primary analysis) or ‘very low’ (for some subgroup analyses). As per the Grading 

of Recommendations, Assessment, Development and Evaluation system guidance (56), it is for 

clinicians, patients and healthcare providers to interpret these findings together and act 

accordingly. But the present authors note that risk of bias due to lack of blinding will always be 

present in lifestyle intervention studies, and the risk of harms from exercise was apparently 

very low. The positive findings are also consistent with World Health Organization guidelines 

(1), which are supported by ‘moderate’ evidence quality. Taken together with the multiple 

additional benefits of enhancing physical activity, and the relatively low cost of exercise 

implementation now that digital health interventions have become viable, exercise remains an 

intervention that should be seriously considered to support cognitive function in patients living 

with CKD.  

 

Other limitations of the primary studies include unclear methods of diagnosing dementia and 

CI, and inconsistent approaches on whether to include or exclude such patients. This makes 

determining whether exercise will be most effective in those with or without dementia and CI 

difficult to determine. Exclusion of those with known dementia and CI will also have removed a 

large proportion of CKD patients who may have benefited from exercise intervention, as it has 

been shown in otherwise healthy populations that the impact of exercise on cognition is 

potentially greater in those with CI (30) compared to normal cognition (28). Another limitation 

of this review was the use of broad inclusion criteria, which inevitably resulted in heterogenous 

participants and interventions. The pre-planned subgroup analyses were completed to mitigate 

this heterogeneity but their smaller sample sizes reduced power. This limitation was deemed 

acceptable due to enhancing applicability of the findings to the general CKD population. Finally, 

only six of the 19 studies specifically stated that cognition was a primary outcome, and thus 

many studies were not powered to detect differences in cognitive function between groups. By 

design, a meta-analysis will overcome lack of power, but such an analysis cannot remove risk of 

type I (false positive) errors in the selected studies.  
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In conclusion, although the quality of evidence was low, care teams may choose to recommend 

aerobic exercise interventions to reduce cognitive decline in people living with CKD without 

appreciably increasing risk of harm. Future research should endeavor to reduce bias, utilize 

multiple outcome assessments of cognitive function, and report exercise adherence in detail, to 

clarify what intensity and duration of exercise is required to maximize efficiency of such 

exercise interventions.  
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Figure legends 

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 

flow diagram illustrating literature search and study selection.  
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Figure 2. Meta-analysis of studies examining the effect of exercise on cognitive function. 

IV = Inverse Variance; 95% CI, 95% confidence interval. 

 

  

Copyright © 202  4 by the American Society of Nephrology

ACCEPTED



 

 

Figure 3. Subgroup analysis by chronic kidney disease stage and treatment (kidney 

transplant vs dialysis vs stage 1 – 4)  

IV = Inverse Variance; 95% CI, 95% confidence interval. 
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Figure 4. Subgroup analysis by type of exercise   

IV = Inverse Variance; 95% CI, 95% confidence interval. 
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Tables 

Outcomes 

Number of 

participants 

randomised 

(studies) 

Comparison 

Treatment effect size (95% 

CI)a 

Equivalent absolute increase 

in cognition (arbitrary units as 

utilised in KDQOL-SF)b  

Quality of the 

evidence 

(GRADE)c 

Comments 

Exercise on 

cognitive 

function 

1160 (19) Exercise vs. control 
0.22 (0.00 to 0.44) 

4.0 (0.0 to 7.9) 

⊕⊕◯◯  

Lowd 

A conservative approach to risk of bias 

assessment downgraded quality of 

evidence. Lifestyle interventions are 

impossible to double blind, but future 

studies could utilise single-blinding of 

outcome assessors to improve the 

quality of evidence.  

Stage and 

treatment of 

CKD 

1050 (16) 5, dialysis  
0.15 (-0.08 to 0.39) 

2.7 (-1.4 to 7.0) 

⊕◯◯◯ 

Very lowe 

Future studies could include more 

transplant and pre-dialysis patients to 

reduce imprecision and improve the 

quality of evidence.  

16 (1) 5, transplant  
0.73 (-0.13 to 1.58) 

13.1 (-2.3 to 28.4) 

94 (2) 3 to 4, medical 
0.49 (-0.51 to 1.49) 

8.8 (-9.2 to 26.8) 

610 (8) Aerobic 0.57 (0.21 to 0.93) ⊕⊕◯◯ 
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Type of exercise 

intervention 

10.3 (3.8 to 16.7) Lowd 
Future studies could better design, 

implement and describe exercise 

interventions to reduce inconsistency 

and improve the quality of evidence. 

249 (7) Resistance 
0.01 (-0.27 to 0.29) 

0.2 (-4.9 to 5.2) 

301 (6) Combined 
-0.07 (-0.41 to 0.28) 

-1.3 (-7.4 to 5.0) 

Intensity of 

exercise 

409 (3) Low 
0.02 (-0.48 to 0.52) 

0.4 (-8.6 to 9.4) 

⊕◯◯◯ 

Very lowe 

Future studies could include more high 

intensity interventions to reduce 

imprecision and improve the quality of 

evidence. 

713(15) Moderate 
0.16 (-0.40 to 0.72) 

2.9 (-7.2 to 13.0) 

38 (1) High 
1.29 (0.15 to 2.42) 

23.2 (2.7 to 43.6) 

Length of 

intervention 
1160 (19) Number of weeks 

0.005 (-0.03 to 0.04) 

0.1 (-0.5 to 0.7) 

⊕⊕◯◯ 

Lowd 

Future studies could utilize interventions 

of different length to add hetergeity 

interventions 

Objective vs. 

subjective 

measures of 

cognition 

194 (6) Objective 
0.38 (-0.16 to 0.91) 

6.8 (-2.9 to 16.4) ⊕◯◯◯ 

Very lowe 

Future studies could include more 

objective outcome measures to reduce 

imprecision and improve the quality of 

evidence. 
966 (13) Subjective 

0.17 (-0.08 to 0.41) 

3.1 (-1.4 to 7.4) 

Table 1. Summary of findings: effect of exercise on cognitive function in people living with Chronic Kidney Disease. 

a As a rule of thumb, effects sizes of 0.2 represent a small difference, 0.5 a moderate, and 0.8 a large difference.  
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b A reasonable minimum important difference for the equivalent absolute increase in cognition (arbitrary units as utilised in KDQOL-SF) is 4 

units, based on distribution and anchor-based approaches to determine meaningfulness of differences in SF-36 scores (55).  

c A record of judgements made by the review authors is provided in the Grade Evidence Profile (supplementary table 7). 

d Evidence limited by risk of bias (primarily due to lack of blinding) and inconsistency between studies. 

e Evidence limited by risk of bias (primarily due to lack of blinding), inconsistency between studies, and imprecision (the Optimal Information 

Size was not met). 
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