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Thesis Abstract 
 

This thesis is submitted for the postgraduate degree of a Master of Science by Research. It 

was undertaken as part of an Academic Foundation Year 2 junior doctor post in Ysbyty 

Gwynedd, Wales. As well as answering a novel research question, the Academic 

Foundation programme was designed to allow me to develop both my academic research 

skills and to develop my clinical skills as a junior doctor. Thus, I completed three sequential 

clinical rotations of three days per week for four months each, and in parallel one academic 

rotation of two days per week for a period of one year. 

 

This thesis answers the question, “Does physical exercise affect cognition in patients living 

with Chronic Kidney Disease?” It comprises of a brief general introduction to provide 

background and context, a single chapter describing the research carried out, and a brief 

general conclusion.  

 

Cognitive impairment is a significant burden on health and social systems globally. Those 

with Chronic Kidney Disease are more likely to have cognitive impairment than those 

without. Regular physical activity has shown a correlation with maintaining cognitive function, 

both in the general population and in people living with Chronic Kidney Disease. Many trials 

have investigated a link between exercise and improving cognition, but with varying results. 

This thesis summarises this existing research, using a systematic review and meta-analysis 

of randomised controlled trials.  

 

The thesis findings suggest there is no clear evidence of beneficial effects of exercise on 

cognition in Chronic Kidney Disease, though there may be benefit in pre-dialysis patients 

and in those with kidney transplants, who can complete aerobic exercise at higher intensities 

than those patients receiving dialysis. These findings are based on subgroup analyses which 

include subgroups of n = 1 studies.  

 

Future research would benefit from further investigating those patients who do not require 

dialysis, those who have undergone kidney transplantation, and using exercise interventions 

at higher intensities. It would also be useful for studies to have a longer follow-up period 

post-intervention, to investigate whether there is lasting benefit from said interventions.   
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General Introduction 
 

Background 
 

Cognitive impairment (CI) and dementia are growing significant health problems globally. 

With an aging global population, more people are living to see a decline in their cognitive 

function. There is to be an expected loss of cognitive function as we age; the clinical states 

of CI describe a spectrum of dysfunction beyond this expected decline.1 Mild cognitive 

impairment (MCI) is loss of cognition, or subdomains of cognition, which does not affect a 

person’s ability to carry out activities of daily living (ADLs), whereas dementia is loss to the 

point that people are unable to independently carry out ADLs.1 For example, someone with 

MCI may take a while to remember where they left their clean socks, whereas someone with 

dementia may be unable to dress themselves due to an inability to comprehend the process.  

 

The effects of CI are wide-ranging, impacting individuals, their families, carers, and social 

and healthcare systems. In 2015, dementia cost approximately $818 billion US dollars 

globally, and it is estimated to rise to $2 trillion by 2030.2 Worldwide, the burden of dementia 

has more than doubled from 2000 to 2019 in terms of disability-adjusted life years (DALYs)3 

and it is estimated that unpaid carers spend 5 hours a day providing care for someone with 

dementia. Alzheimer’s disease and other dementias were the 7th leading cause of death in 

2019.3 

 

It is important to note that age alone does not cause CI. There are multiple modifiable and 

non-modifiable risk factors which increase the likelihood of an individual’s progression to CI.  

Non-modifiable risk factors include advancing age, family history, genetics, race, and sex. 

Modifiable risk factors include inactivity, cardiovascular disease, diabetes, hypertension, and 

smoking. These risk factors particularly influence vessel health and subsequently affect the 

delivery of oxygenated blood to the brain. In addition, Chronic Kidney Disease (CKD) has 

been found to be an independent risk factor for CI.4  

 

The term CKD covers a spectrum of chronic decline in renal function, defined as 

abnormalities in the structure or function of kidneys, present for >3 months, with implications 

for health.5 It is classified into five stages (see table 1). CKD 1 – 4 is generally managed 

medically. Stage 5, also known as end stage renal failure (ESRF), is when patients are 

considered for renal replacement therapy (RRT). RRT consists of kidney transplant, 

haemodialysis (HD), and peritoneal dialysis (PD). Not all patients who have ESRF will be on 
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RRT, but all patients on dialysis are considered to have stage 5 disease, regardless of 

Glomerular Filtration Rate (GFR). 

 

With the exception of smoking, the presence of all risk factors for CI is greater in the CKD 

population than the general population.6,7 Diabetes and hypertension are particularly high, 

with around 20% of people with diagnosed diabetes having CKD; diabetes is the leading 

cause of end stage renal failure.8 Between 60 and 90% of people with CKD are 

hypertensive, depending on the stage of their disease.9 These comorbidities contribute to 

cardiovascular disease, including damage to the cerebral vasculature. In addition to this, 

there are several proposed mechanisms for the CKD-specific causes of CI. These include a 

high blood concentration of uraemic toxins, chronic inflammation, anaemia, and the dialysis 

process.4,10,11 Furthermore, those with CKD are likely to have depression, be less physically 

fit and functioning than healthy peers, and have polypharmacy, all of which may contribute to 

cognitive decline.10,12 These risk factors are summarised in figure 1.  

 

Exercise for risk factors of cognitive decline 
 
Regular physical activity has been linked with preserved cognitive function, in healthy 

populations13 and in CKD14. Therefore, research has been carried out to investigate whether 

exercise interventions will improve, or slow decline of, cognitive function in these 

populations. One of the challenges with the CKD population is that they are more sedentary 

than healthy counterparts, and so it is difficult to reach clinically meaningful targets for 

exercise.5 However, existing evidence has shown some changes in outcomes relating to risk 

factors for CI in this patient group, as summarised below:  

 

Chronic inflammation is a hallmark of CKD, and known to contribute to atherosclerosis and 

arterial stiffness, which in turn are associated with worsening cognition.15 Initial exercise 

studies suggest that exercise has an anti-inflammatory effect,16 and may reduce arterial 

stiffness.17  

 

Regular exercise training significantly reduced blood pressure at rest in patients with CKD 

stage 2 – 5 disease who were not on RRT,18 but it is unclear if it makes a difference in 

dialysis patients.19  

 

Insulin resistance is associated with cognitive decline. It is currently unclear whether 

exercise plays a role in decreasing insulin resistance in CKD. A single-group study in 11 

participants undergoing HD found no improvement in insulin resistance after 3 months of 
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aerobic exercise,20 but a randomised controlled trial (RCT)21 and a single-group study22 of 

dialysis patients, undergoing aerobic and resistance exercise respectively, both found 

improvements in insulin resistance after the intervention periods.  

 

Exercise also improves depressive symptoms in dialysis patients,19 and when patients are 

exercising for longer durations.12 

  

Challenges of cognition research 
 

Research into cognition can be difficult, as there are many varied assessments which 

measure different aspects of cognition. Some tests are used as screening tools for CI (for 

example, the Montreal Cognitive Assessment (MoCA)),23 and some are designed to 

measure changes in cognition (for example, the Alzheimer’s Disease Assessment Scale – 

Cognitive section (ADAS-Cog)).24 Cognition can be measured using objective tools with right 

and wrong answers (such as the Mini-Mental State Examination (MMSE)),25 and subjective 

tools which ask patients to reflect on their own experiences (for example the Kidney Disease 

Quality of Life questionnaire (KDQOL)).26 Some objective tests are delivered by an assessor 

who asks questions and records answers (for example, the MMSE),25 whilst others are 

computer-based to attempt to remove human bias (for example, at www.cogstate.com). 

Different tools may also measure global cognition or measure specific domains such as 

memory, attention, and executive function. Across the literature there is inconsistency in 

which tests are used and for what purpose. 

 

The recent systematic review and meta-analysis of Vanderlinden et al. found that the MMSE 

is the most commonly used assessment of global cognition in CKD research.27 Whilst a 

recommended single measure of global cognition, it is well known to be insensitive to 

changes in cognition.28 Currently the gold standard for assessing anti-dementia treatments is 

the ADAS-Cog, but again there is evidence that it is not optimised to detect change in MCI 

populations.29 Within exercise studies, Shu et al. found that type of outcome measurement 

did not moderate the effect of exercise on global cognition in patients with cerebrovascular 

disease.30 

 

Exercise for cognition in CKD 
 
So far there have been several reviews into the effect of exercise on cognition in CKD. The 

systematic review of Kaltsatou et al. examined the mechanisms for the proposed benefits of 

exercise on cognition, but at the time there were only two trials which had examined this 
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relationship.31 The first was a non-randomised trial in which volunteers undertook a 

combined exercise intervention and had cognition measured at the end of the intervention 

period.32 Researchers found a significant positive correlation between participants’ activity 

levels and cognition. The second trial completed a single-group aerobic exercise 

programme, with repeated measures of cognition.33 No improvement in cognition was 

observed across the course of the study.  

 

Other authors have subsequently carried out further systematic reviews. A 2019 review 

quoted three RCTs which demonstrated either an improvement or a lack of decline in 

cognitive function following intradialytic exercise, when compared to non-exercising 

controls.34 Those three RCTs will be discussed later in Chapter 1. Subsequently Murtaza et 

al.35 also carried out a qualitative review of the evidence, coming to the same subjective 

conclusion as the previous reviews (of an improvement or a lack of decline in cognitive 

function following an exercise intervention). They also flagged the need for researchers to 

conduct trials in the pre-dialysis population, as much of the work so far was in patients on 

dialysis. The conclusions of the above qualitative reviews are supported by a recent meta-

analysis of the effect of exercise on cognition in HD patients.36 The authors included eight 

reports of RCTs which examined cognition using any measure and found that exercise 

significantly improved cognition in this patient group. In particular, they found that exercise of 

at least 30 minutes duration, thrice weekly, over at least 16 weeks improved cognitive 

outcomes.   

 

In contrast, the Cochrane review of Bernier-Jean et al. investigated the effect of exercise on 

multiple outcomes in patients on either form of dialysis.19 As part of their review, they 

examined the effect on QoL and its subdomains, as measured by the KDQOL. Their meta-

analysis of the effect of exercise training of any type (aerobic, muscle strengthening, 

combined aerobic and resistance, or yoga) versus control on the cognition subdomain 

included five trials and found no effect. However, a secondary analysis which compared 

each type of exercise separately showed aerobic exercise alone improved cognitive function 

compared to controls; neither resistance nor combined exercise interventions had any effect.  

 

The systematic search for this review also found additional non-RCT trials which contribute 

further evidence. A 1998 non-randomised controlled trial examined the effects of a 12-week 

aerobic exercise intervention in 13 continuous ambulatory peritoneal dialysis (CAPD) 

patients, with 7 other CAPD patients who underwent usual care as controls.37 Using the 

Kidney Disease Quality of Life – Short Form (KDQOL-SF), they did not find any 

improvement in cognition across time in either group. More recently, Yamamoto et al. 
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compared a prospective active cohort of transplant patients with a historic inactive cohort of 

transplant patients.38 Active patients underwent a 2-month supervised and home-based 

aerobic exercise intervention following renal transplantation. Cognition was measured two 

months post-transplant surgery in all participants using the KDQOL-SF. They reported no 

significant difference in cognition scores between groups at the end of the study period. 

 

Taken together, these previous empirical studies and reviews suggest that exercise may 

play a role in the cognition of patients with CKD, though it is unclear which patients, 

undergoing which type of exercise, will benefit the most. This meta-analysis collates the 

existing evidence to summarise the effect of exercise across the spectrum of CKD, 

expanding upon the work of Liu et al.36 by including all patients with CKD and analysing 

more studies. It further investigates some aspects of the exercise prescription, the methods 

of measuring cognition, and which patient groups may benefit most.  

 

Exercise for cognition in other populations 
 

The effect of exercise on cognition in CKD has been discussed above, but it is relevant to 

look at the research in other populations. Like in CKD, the existing evidence is conflicting. A 

Cochrane review into global cognition in dementia39 and a meta-analysis in cerebrovascular 

disease30 found no improvement following any type of exercise intervention. Other similar 

reviews have investigated specific domains of cognition rather than global cognition. Cooke 

et al.40 and Wang et al.41 concluded that in patients with type 2 diabetes, a patient group with 

significant overlap with CKD, exercise did not improve executive function or memory. 

Another Cochrane review in participants with normal cognition also found no effect of 

aerobic exercise on multiple specific domains of cognition42 (although in this population one 

may not expect to see any clinical improvements due to high levels of baseline functioning). 

 

However, other meta-analyses in the same populations as above have found contrasting 

results. For example, Northey et al. investigated the effect of exercise on any test of 

cognition in participants with any level of cognition and found that exercise improves 

cognition in adults over 50 years old, regardless of baseline cognitive function.43 Wang et al., 

using a different analysis to that reported above, found a significant difference in change in 

cognition scores between exercising participants with type 2 diabetes and controls.41 

Likewise, the umbrella review of Demurtas et al. in dementia and MCI,44 that reviewed meta-

analyses including Zheng et al.45 and Groot et al.,46 in MCI and dementia respectively, all 

found that exercise had some beneficial impact on cognition. 
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One possible reason for these disparate results is the different types of exercise intervention 

utilised in previous studies. In terms of type of exercise, Hoffman et al. found that aerobic 

exercise improved memory and executive function in sedentary adults with normal 

cognition47 and Colcombe & Kramer found an improvement in global function in adults >55.48 

In patients with MCI, Demurtas et al. found aerobic exercise had a small beneficial effect on 

delayed memory.44 They also showed that mixed interventions were beneficial to global 

cognition in both dementia and MCI. Landrigan et al. found that generally, resistance 

exercise improves cognition in adults.49 Young et al. found no effect of aerobic exercise 

across multiple domains of cognition in apparently healthy adults of any baseline activity 

level, with no CI.42 Furthermore, they also investigated whether the duration of the 

intervention moderated the effect. The average length of trial in their work was 15.6 weeks, 

which they felt to be too short and recommended that longer-term intervention trials be 

undertaken. Whilst Smith et al. found that aerobic exercise improved multiple domains of 

cognition in non-demented adults, neither duration of intervention nor exercise intensity 

moderated the result.50 The qualitative review of Chen et al. attempted to classify exercise 

interventions according to the FITT-VP principle (frequency, intensity, time, type, volume and 

progression of the prescription).51 They found that moderate – vigorous intensity exercise is 

likely to improve brain function and that vigorous intensity exercise led to increased brain 

volume, both of which are likely to influence cognition. They also found that the frequency of 

an intervention does not moderate either outcome, but that the length of an intervention and 

duration of each session may. However, there was insufficient evidence for them to 

recommend an overall optimal exercise prescription.  

 

Context to this thesis 
 

I began this Master’s degree as part of my work as an Academic Foundation Year 2 (FY2) 

junior doctor in the NHS. My contract included two days a week in which I could attend 

university and conduct research, alongside my usual role as a clinical doctor. The aim of this 

academic FY2 year was to enhance my medical training by completing a research project, 

developing my skills as a researcher and as a clinician practicing evidence-based medicine. 

The research and write-up periods were planned to take two years in total. This meant that 

at the end of my FY2 year I went back into full-time clinical work, with the research running 

alongside.  

 

The original plan for this thesis was to carry out a feasibility study and pilot RCT asking 

"does physical exercise affect cognition and/or cerebrovascular reactivity in patients with 
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CKD 3 – 4 and MCI?" This was based in Prifysgol Bangor University with participants 

recruited from the CKD clinic of Ysbyty Gwynedd Hospital, Wales.  

 

The pilot trial required 10 patients with CKD stage 3 – 4 and MCI. Potential participants were 

to be screened for MCI using a single-question screening tool in clinic, and then formally 

reviewed by a neurologist. Once patients were confirmed to have MCI, and were consented, 

they were randomly allocated to an exercise or control group. All patients would undertake 

baseline testing of a cognitive battery, exercise testing, and functional MRI. The exercise 

group were to undergo a 10-week exercise programme, with 3 sessions a week, led by 

researchers in the University gymnasium. Each session was to last 45 minutes plus a warm-

up, include a combination of cardiovascular and resistance exercises, with target intensity 

based on the Borg scale, and increase as time went on as per individual achievement. The 

control group were to only receive usual care. At end of trial period, all participants would 

repeat the same set of tests.  

 

Throughout the whole research period, information was to be gathered from researchers and 

participants regarding feasibility outcomes of process, resources, management, and 

scientific outcomes. 

 

The primary outcome of the pilot trial was the feasibility of running a full-scale version of the 

trial. Secondary outcomes were changes to baseline tests (fitness, cerebrovascular 

reactivity, and cognition) – this thesis was to focus on cognitive outcomes.  

 

My role, with another FY2 colleague, was to finalise the trial protocol, be involved in all 

stages of data collection and intervention, and to co-ordinate the running of it. When taking 

on the project, the trial protocol had been outlined and planned by another student, and 

outline ethical approval had been obtained. We helped to finalise the MRI protocol, including 

the delivery of gases to participants in the scanner, updated the ethical approval, learnt how 

to run exercise intervention sessions, introduced oxygen and glucose to the emergency 

trolley in the gym, and acted as the main point of contact between the university and the 

hospital. We guided the renal physicians on which patients would be suitable for recruitment 

and contacted these patients to ascertain interest in participation. We also collected data on 

each of these steps – what went well, what didn’t, and suggestions of how to improve. We 

successfully recruited one participant who completed all baseline testing, but sadly dropped 

out before randomisation.  
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A main finding in terms of the feasibility of the trial was issues with the recruitment process. 

As stated, participants were recruited from hospital-based renal clinics. However, most 

patients with CKD stage 3 – 4 are not frequently seen in clinic. Instead, they are managed by 

their general practitioner in the community. Those who do attend renal clinics regularly tend 

to be frailer, with more comorbidities, or with more advanced disease. This meant that we 

were not able to recruit patients with less severe cognitive decline, who would be more 

enthusiastic about participation and better able to complete a research trial. Indeed, the 

recruit who dropped out did so because they found the exercise testing too intense. In 

addition, they experienced a fall not long after testing which reduced their confidence. 

However, they did report that the enjoyed the cognitive testing, and that the MRI was not as 

distressing as they expected.  

 

Another limiting factor was the availability of the doctors to run the trial – a medical rota does 

not provide much free time during the day or evenings, when it would be better to run the 

exercise intervention, particularly one which was face to face three times a week. This was 

planned to be mitigated by hiring Sports Science students to run the exercise sessions, and 

with the flexibility of other university-based members of the research team. 

 

Partway into the recruitment period, the novel coronavirus (COVID-19) pandemic started, 

and the UK went into a national lockdown. At the onset of this period, the entire country was 

to remain at home, with minimal face to face contact with anyone for a minimum of three 

months. These same restrictions were extended and altered multiple times. Once restrictions 

started easing, there remained uncertainty around the nature of COVID-19. Patients with 

CKD were classed as high risk and the university took a cautious approach, preventing any 

further research with this group. At the time, there was no certainty regarding how long the 

pandemic would last. We were unable to continue with our two study days a week and had 

to go back to full time clinical work. After the dedicated FY2 year finished, there were still 

significant strains on the healthcare workforce, meaning it was extremely difficult to get any 

study leave approved. I made the decision to take 6 months absence from clinical work to 

focus solely on my research. Following this hiatus, I again went back to full time clinical 

work. 

 

In light of the above, it was decided to change this thesis to a systematic review and meta-

analysis asking, "do exercise interventions affect cognition in patients with CKD?" The 

original question was broadened due to lack of data in the CKD 3 – 4 group, as found by a 

scoping review. Carrying out both a qualitative systematic review and a quantitative meta-

analysis allows a greater exploration of the current evidence. It allows the author(s) to 
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summarise the existing published thoughts and interpretations of evidence, then test these 

interpretations in a substantive manner, thus attempting to remove the existing biases of 

researchers. This piece of research was primarily conducted by me. I learnt and carried out 

each stage of the review process, including: how to conduct a systematic search, data 

extraction and manipulation, which statistical tests to use and how to run the appropriate 

software, and how to assess for other risks of bias within studies and publication bias. 

Advice was sought from a librarian on carrying out a systematic literature search. Systematic 

review training was provided by Bangor University via its virtual learning environment.  This 

thesis is thus an account of this piece of research. There is a single chapter which details the 

systematic review and meta-analysis, followed by a short summary. The chapter is formatted 

to fit publication in the Clinical Journal of the American Society of Nephrology, to which it will 

be submitted for peer review, with the exception of having a longer word count herein. In 

addition, table 3 has been formatted to be similar to the more detailed tables typically 

included in Cochrane reviews.   

 

Although the pandemic required a change of study design, I believe I have succeeded in 

meeting the aims of the academic FY2 role. I have learnt many technical and non-technical 

skills involved in the process of research. This includes developing my leadership skills and 

assertiveness, particularly when working with other members of the university with different 

backgrounds and skills to me. I attended a series of lectures on statistics and now have a 

grasp of many routinely used tests, and when to use them (such as analysis of variance 

(ANOVA), repeated-measures ANOVA, standardised mean difference, Hedge’s g, random-

effects vs fixed-effects analyses). I have learnt how to set-up and run an RCT and learnt 

about the principles of exercise interventions and prescriptions. My knowledge of the 

mechanism and interpretation of MRI has improved, including reaching level 1 safety 

certification. I have learnt the process of and completed a systematic review and meta-

analysis of RCTs, and finally I have prepared and will submit a research paper for peer 

review and publication.  
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Chapter 1: Does Physical Exercise Affect Cognition in Patients Living with 
Chronic Kidney Disease? A Systematic Review and Meta-analysis 
 

Abstract 
 
Background and objectives: Cognitive impairment is a major health problem worldwide, 

affecting individuals, their families, and their wider communities. People with Chronic Kidney 

Disease (CKD) are more likely to develop cognitive impairment than those without. Exercise 

has been proposed to improve cognitive function and/or slow down cognitive decline in both 

CKD and non-CKD populations. We carried out a systematic review and meta-analysis of 

randomised controlled trials, investigating whether exercise influences cognition in people 

living with CKD. 

 

Design, setting, participants and measurements: We undertook a systematic search of 

published and grey literature. Papers were screened at title/abstract level, before 

researchers read whole papers and selected those for inclusion. We included any 

randomised controlled trials of patients with any stage of CKD whose intervention exercised 

large-muscle groups, and measured cognition using a variety of outcome measures. A 

random-effects meta-analysis was carried out and subsequent planned subgroup analyses 

were used to investigate heterogeneity. Papers were also assessed for risk of the inclusion 

of bias.  

 

Results: Fifteen trials were included in the analysis, which included 760 participants. All 

included trials were found to be at high risk of the inclusion of bias. Our primary analysis 

found that exercise did not have any effect on cognition in CKD (effect size (ES) = 0.21; 95% 

confidence intervals (CI95) = -0.05, 0.47; p = 0.12). Subgroup analyses found a positive effect 

of exercise in patients with CKD stages 1 – 4 (ES = 1.2; CI95 = 0.45, 1.95; p = 0.002) and 

when doing aerobic exercise (ES = 0.55; CI95 = 0.12, 0.97; p = 0.01), albeit the former 

subgroup analysis included subgroups consisting of a single study.  

 

Conclusions: This study revealed that across the spectrum of CKD, exercise interventions 

do not affect cognition. However, certain subgroups may benefit from exercise, namely those 

with pre-dialysis CKD and if undertaking aerobic exercise. Furthermore, exercise did not 

appear to be harmful in this patient group. Due to the finding of minimal risk and possible 

benefit, clinicians may choose to recommend aerobic exercise to prevent cognitive decline, 

particularly to patients who do not require dialysis. Researchers may choose to focus their 

future studies on patients with CKD stage 1 – 4 and with renal transplants.   



14 
 

Introduction  
  

Dementia and cognitive impairment are common and increasing health burdens affecting 

more than 50 million people worldwide.52 Cognitive impairment (CI) describes a range of 

worsening cognitive function from mild CI (which does not influence a person’s ability to 

carry out activities of daily living (ADLs)), to dementia (which does influence ADLs). The 

burden of the effects of dementia and CI are felt from an individual to a national level, 

impacting on health, working life, care burden and cost to the nation.  

 

People living with Chronic Kidney Disease (CKD) (GFR < 60 ml/min) are at higher risk of CI 

than those without CKD.4 Estimates of prevalence range from 20 – 60% depending on 

degree of renal impairment and treatment53,54 and may be as high as 70 – 80% in patients 

on HD.10 Changes to cognitive function occur early on in the progression of CKD, and 

different domains of cognition are affected at different rates.55  

 

There are many risk factors for CI, the presence of which increase the risk of, but do not 

guarantee, cognitive decline. Within the CKD population there is a high prevalence of risk 

factors for CI that may be both a cause and a consequence of their CKD. Of these, diabetes 

and hypertension are the most common.10 In addition, CKD itself has been found to be an 

independent risk factor for CI.4 Some suggested causes for this are due to the 

pathophysiology of CKD itself, such as chronic inflammation, anaemia, and increased blood 

concentrations of urea and its metabolites.4,10 Associated clinical problems such as 

depression and polypharmacy are also likely to contribute.4,10 Within the dialysis population, 

the process of HD appears to influence the progression of CI more than in PD.11  

 

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

exercise, as well as management of diabetes and hypertension (to which exercise can 

contribute) as a means to reduce the risk of cognitive decline and dementia.52 The 2018 

Physical Activity Guidelines for Americans also recommend habitual exercise to reduce the 

risk of dementia in all adults, and to improve cognition in adults over 50 years old.56 These 

recommendations and guidelines are based upon studies suggesting that that physical 

activity has a protective effect against the development of cognitive decline, even at very low 

levels of exercise.13  

 

Exercise has also been proposed to improve cognition in people living with CKD. This is 

because there is evidence for positive effects of exercise on multiple risk factors for cognitive 

decline. Across the spectrum of CKD, exercise has been shown to improve blood 
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pressure,12,18 decrease arterial stiffness,57 improve quality of life (QoL),12,18,19 decrease 

BMI,58,59 and improve symptoms of depression.19,57 It may also decrease insulin resistance.60 

Many of these findings were consistently observed, regardless of the stage or treatment of 

CKD. Overall, exercise is considered a safe non-pharmacological intervention for this 

population, recommended by multiple expert bodies as an adjunct to medical therapy.5,61,62  

 

Additionally, there are some observational data of CI and exercise in CKD. A cross-sectional 

study of 102 HD patients found a significant association between activity levels (as 

measured by the International Physical Activity Questionnaire) and cognitive function, even 

when adjusted for confounding variables.63 Likewise, a recent analysis of cross-sectional 

data of older adults found that among patients with lower activity levels, those with CKD had 

significantly worse global cognitive function than those without CKD; among patients with 

higher levels of physical activity, there was no difference in global cognition between those 

with CKD and without.14 In contrast, another cross-sectional study in HD patients found no 

difference in cognition between participants classified as active and inactive, apart from in 

the fluency subdomain.64 

 

So far there have been several systematic reviews of studies including patients living with 

CKD which specifically investigated cognition as a primary outcome.31,34,35 There has also 

been one meta-analysis of RCTs investigating cognition as a primary outcome in 

haemodialysis patients,36 and one Cochrane review which analysed cognition as a 

secondary outcome.19 The qualitative reviews largely concluded that exercise caused an 

improvement in cognition or prevented further decline, as did the meta-analysis of Liu et al.36  

Within the Cochrane review, the meta-analysis of the effect of exercise training of any type 

(aerobic, muscle strengthening, combined aerobic and resistance, or yoga) versus control on 

the cognition subdomain included five trials and found no effect. However, a secondary 

analysis which compared each type of exercise individually to controls showed aerobic 

exercise alone improved cognitive function.  

 

This meta-analysis collates the existing evidence for the effect of exercise on cognition in 

patients living with CKD. It expands upon the existing meta-analyses by investigating 

cognition as a primary outcome across all stages of CKD and includes more empirical data. 

 

Outcomes  
 

This systematic review and meta-analysis asked the question: do exercise interventions 

affect cognition, when compared to controls, in people living with CKD? It comprises of a 
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systematic literature search and meta-analysis of RCTs. To enhance generalisability, the 

search terms broadly covered people with all stages and treatments of CKD, undergoing any 

large muscle group exercise intervention. Outcome measures were any objective or 

subjective measurement of cognition. Secondary outcomes via subgroup analysis looked at 

the effect of CKD stage and treatment, the type of exercise intervention, and the modality of 

outcome measure. Further planned meta-regressions investigated the relationship between 

intensity of exercise and length of intervention on cognition.  
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Materials and methods 
 

Each stage of this review was carried out independently by a single reviewer (EJB) whose 

work was then reviewed by a second person (JHM). Disagreements were discussed until 

consensus was reached.  

 

Eligibility criteria 
 
The following criteria were used to identify studies suitable for review:  

 

Participants: adults with CKD undergoing any treatment. 

 
Intervention: Any exercise intervention which exercised large muscle groups was included. 

Exercise could be in combination with another intervention if the control group also received 

the additional intervention. Education could be part of the intervention if it was related to 

exercise. Respiratory muscle training alone, electrical nerve stimulation without associated 

repeated movement by the participant, and complex interventions, for example exercise plus 

diet/employment/lifestyle advice, were excluded. 

 

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

exercise per week,5,65 it is recognised that CKD patients have lower baseline levels of 

physical activity than healthy counterparts.5 The WHO 2020 guidelines recommend that 

adults with chronic conditions should partake in exercise to their best ability, commencing 

with small amounts of physical activity and gradually increasing the frequency, intensity and 

duration over time.65 There is also evidence that any level of activity is beneficial for other 

health-related outcomes in CKD.66 Therefore, all levels of exercise intensity have been 

included in this study.  

 

Control: usual care, attention control (including sham exercise), brain training or diet change. 

 
Outcomes: cognition measured by any means. Whilst quality of life (QoL) assessments are 

not gold standard measurements of cognition, they were considered appropriate for the 

purpose of this review. 

 

Studies: RCTs reported in English.  
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Information sources 
 

A scoping search was carried out beforehand to aid planning of feasible analyses. There 

was no limit on publication source. The final search of four databases (Medline, PubMed, 

CINAHL and Web of Science) was completed on the 4th February 2021. A further search of 

grey literature was carried out using the OpenGrey database (opengrey.eu) on 9th March 

2021. The search terms used were more limited because the search engine does not have 

an “advanced search” option.  

 

The references of relevant studies were reviewed to identify any further studies not identified 

by the database searches.  

 

Search strategy 
 
The full search strategy used is detailed in Supplementary Information S1. The same search 

terms were used for each of the four major databases, with alterations made to truncation 

symbols. Medical Subject Headings (MeSH terms) were used where available. Generally, 

the search combined themes of CKD, exercise, control, and cognition.  

 
Selection process 
 
The list of retrieved studies was manually screened at title/abstract level to identify papers 

suitable for analysis. This screening was carried out multiple times by one reviewer (EJB). 

The full texts of these papers were then reviewed. All included and borderline papers were 

discussed between two reviewers to confirm or veto their inclusion (EJB & JHM).  
 

Data collection process 
 
Data on each study setting, population, intervention, control group and outcome measures 

were extracted and input into pre-defined tables, which had been piloted before final data 

extraction. For studies which had not reported all required data, the authors were contacted 

with requests for information. A maximum of two authors per publication were contacted and 

given a month to respond.  

 
Regardless of the number of measurements taken during the trial, only the mean cognition 

score from the end of the intervention period, and standard deviation (SD) of this score, were 

collected along with the number of participants in each group. Where data varied between 
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text and tables, they were taken from tables. Where baseline data were presented as 

separate groups, the values were combined using the formulae presented in the Cochrane 

Handbook for Systematic Reviews of Interventions.67 Some studies used more than one 

measure of cognition. The results chosen for analysis followed these priorities: 1) primary 

outcome, or if not stated, 2) test of global cognition.  
 
Risk of bias in individual studies 
 
The risk of bias in each study was assessed using the revised Cochrane risk-of-bias tool for 

randomized trials (RoB 2).68 This tool assesses the risk of bias across five domains within 

trials, with “high” pertaining to high risk of bias and “low” corresponding to a low risk of bias. 

“Some concerns” was assigned to those where there was insufficient evidence to make a 

firm judgement. The five domains assess risk of bias due to the randomisation 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.  

 

For the global assessment of risk of bias, papers were designated high risk if they scored 

“high” in any one domain, or “some concerns” in at least three domains. They were 

considered low risk if they scored “low” in all five domains. These assessments were 

planned to later inform a sensitivity analysis.  

 

Where flowcharts detailing randomisation, dropouts and analyses were included, they were 

used as evidence for or against deviations from the study protocol. A conservative approach 

was taken to the bias assessment, with reviewers tending to overestimate bias whenever 

uncertainty was present. 

 
Summary measures 
 
The primary outcome measure was the difference in cognitive test scores post-intervention, 

comparing exercise intervention groups to control groups. Interpretation of results followed 

Cohen’s effect sizes of 0.2 = small effect, 0.5 = moderate effect, and 0.8 = large effect.69 
 
Synthesis of results 
 
Where there were multiple interventions, the exercise groups were combined into one, using 

the methods suggested by Higgins, Li & Deeks.67 Where data were presented as medians 

(range or interquartile range), sample means and SD were estimated using the method 
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suggested by Wan et al.70 If there was any confusion or missing values, clarification was 

sought from the authors. 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. 

 

Results are presented as effect estimate (effect size) (ES) and 95% confidence intervals 

(CI95). P-value for significance was set at p ≤ 0.05. Forest plots were used to visualise the 

effect outcomes, generated by the RevMan71 and JASP72 software.  

 
Due to the heterogeneity of the included studies, the analyses were synthesised using the 

random-effects model (DerSimonian-Laird method) with standardised mean difference 

(Hedges’ g) to calculate the effect size. The primary outcome and subgroup analyses were 

synthesised using the RevMan software.71 The meta-regression and funnel plot were 

synthesised using JASP software.72 This was due to ease of use of the software for the 

authors. 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 in line 

with Cochrane advice.73  

 
To further investigate heterogeneity between studies, as indicated by a statistically 

significant χ 2 test, the following five analyses were conducted: 

 

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

Here, ‘objective’ means tests with right and wrong answers, as marked by an assessor with 

a standard set of answers and corresponding scores. ‘Subjective’ means assessments 

where a participant gives a self-rated judgement based on a Likert scale. These judgements 

are then converted to an overall score via a standardised scoring. The two types of tests 

may vary in their detection of changes in cognition. In this and all other subgroup analyses, 

differences between subgroups were assessed using χ 2, and subgroups within studies 

adopted the moniker given by the original authors. 

 

ii) Meta-regression investigating the relationship between intensity of exercise and effect 

size.  

Exercise intensity is known to affect the body’s physiological response to exercise;74 it may 

therefore also predict the effect, if any, on cognition. Interventions were classified as low, 

moderate, or high intensity based on the definitions given by the American College of Sports 

Medicine (ACSM),75 and the National Strength and Conditioning Association (NSCA)76 (table 

2). The classification was based on the reported intensities achieved during the intervention 
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or was estimated using the target intensities for the intervention. In this and all other meta-

regressions, the Q-test was used to assess the strength of any association and examine 

data for residual heterogeneity.  

 

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

The cognitive changes associated with mild cognitive impairment and dementia, by 

definition, occur chronically. It is therefore reasonable to expect that an exercise intervention 

would need to last for several weeks before it would have any effect on cognition. Heiwe & 

Jacobson stated that exercise programmes should last a minimum of 8 weeks in order to 

affect clinically important outcomes in this patient group.12 The length of the intervention may 

correlate to the size of the effect, if any. Where the length of intervention was reported in 

months, it was converted to weeks (see Supplementary Information 2). 

 

iv) Subgroup analysis comparing stage and treatment of CKD and effect size.  

The severity of CKD is classified into 5 stages depending on GFR.1 As GFR decreases, the 

risk of cognitive impairment increases.4 In addition, treatment varies dependent on stage of 

CKD: patients with stage 1 – 4 disease are typically controlled with medical treatment. Stage 

5 requires either renal replacement therapy (RRT) or conservative management. RRT 

consists of kidney transplant and dialysis (either HD or PD). Patients who have undergone 

renal transplant have been found to have lower mortality, lower risk of cardiovascular events, 

and higher QoL than their counterparts on dialysis.77 Thus this analysis split participants into 

the subgroups of stage 1 – 4, renal transplants, and dialysis patients. For this analysis, HD 

and PD were classified as one group. 

 

v) Subgroup analysis comparing type of exercise intervention and effect size.  

Current evidence of the impact of the type of exercise on cognition is mixed; studies have 

shown that aerobic exercise improves48 or has no effect on cognition in dementia39 and 

healthy populations,42 and that resistance exercise improves49 or has no clear effect39 on 

cognition in cognitively impaired or healthy adults. Thus, this analysis grouped participants 

by type of exercise: aerobic, resistance, flexibility, or combined (at least two of the above).  

 
Finally, a sensitivity analysis was planned to reanalyse the primary outcome without the 

studies which were felt to have a high risk of bias.  
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Risk of publication bias assessment 
 
To assess risk of publication bias a funnel plot was created, with asymmetry of the plot 

indicating a higher risk that non-significant experimental findings were not published, and 

therefore unavailable for inclusion in the meta-analysis. A visual assessment of the plot and 

Egger’s regression test were used to assess asymmetry.78   

 

The Outcome Reporting Bias In Trials (ORBIT) guidelines79 were used to judge risk of bias 

arising from non-reporting of outcomes in papers which would otherwise have been included 

in the analysis.   
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Results 
 
Study selection 

 

The search strategy identified 1236 studies, 724 when duplicates were removed. After 

screening the abstracts, 95 full texts were retrieved and screened. In total, 15 studies were 

included in the meta-analysis. Figure 2 shows the decision-making process and reasons for 

exclusion for the studies identified.  

 

Among the studies excluded, there were six which would have been included were it not for 

a lack of available data. These include the study of Bennett et al. which planned to measure 

KDQOL-SF at baseline and post-intervention, but which found the assessment too taxing for 

participants so did not repeat post-intervention.80 Three studies presented aggregated 

KDQOL-SF scores but did not provide the cognition domain score on its own.81–83 One study 

had not commented on the change in cognition or provided data due to non-significant 

results.84 A sixth study had reported a significant improvement in the cognition domain in the 

intervention group but had not presented any comparative data for the control group.85 

These authors were contacted with requests for cognitive domain data for both groups but 

no further data were obtained. 

 

Study characteristics 

 

A summary of included study characteristics can be found in table 3. There were data 

available from 760 participants across 15 studies. The number of participants randomised in 

each studied ranged from 16 86 to 296.87 In total there were 386 participants in intervention 

groups and 374 in control groups.  

 

Three studies were multicentre trials,87–89 nine were single centre trials,90–98 and three did not 

specify.86,99,100 All were RCTs; all were pre-test, post-test designs, albeit one study used a 

pre-test, mid-test, post-test design100. Of these, two were pilot RCTs.94,95 There were no 

conflicts of interest in any of the included studies.  

 

Generally, inclusion criteria consisted of adults with mild renal impairment, on dialysis, or 

with kidney transplants.  

 

Exclusion criteria were patients with severe comorbidities which would prevent them from 

participating in exercise. For example, severe heart disease, musculoskeletal problems, 
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uncontrolled hypertension or angina, chronic obstructive pulmonary disease, 

cerebrovascular disease, or diabetic eye disease.   

 
Participant characteristics 
 
The weighted mean age of participants at baseline was 55. The proportion of women in each 

study ranged from 15 98 to 60%.89  

 

One study included patients with renal transplants86 and one study included patients with 

stage 3 – 4 disease.97 All other studies included dialysis patients; Uchiyama et al.96 included 

only patients using peritoneal dialysis, Manfredini et al.87 included both those on 

haemodialysis and peritoneal dialysis, and the remaining twelves studies included only those 

on haemodialysis.88–95,98–100 

 

One study required participants to be literate,100 but none of the studies required a minimum 

level of cognition. Seven of the included studies excluded patients with dementia94,95 or a 

cognitive disturbance which would affect their ability to participate.90,91,98–100 All studies 

included participants with diabetes. The most common reported comorbidities were diabetes, 

hypertension, smoking, coronary artery disease, and heart failure. 

 

Only four studies reported education levels89,93,94,98; the proportion of participants who had 

less than a secondary school/high school education ranged from 20 94 to 60%.93  

 

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

physical activity.86,90,91,93,99 An additional two studies found all their participants to be 

relatively inactive at baseline when compared to other chronically ill patients, or less fit than 

healthy patients when measured by the 6 Minute Walking Test.89,92 One further study 

reported 55% of their participants were inactive at baseline.100 Conversely, three studies 

excluded patients undertaking regular exercise or deemed to have an existing high level of 

fitness.87,88,95  

 

Interventions 
 
Details of each study’s exercise prescription are summarised in table 3. Duration, number of 

repetitions, and number of sets are reported as the maximum target by the end of the 

intervention period.  
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Frequency of activities ranged from 2 sessions per week86,91,99 to 28 per week.97 The mode 

frequency was 3 sessions per week and nine studies performed intradialytic 

interventions.88,90,91,93–95,98–100 

 

According to the classifications of this review, three studies or subgroups used low intensity 

interventions.87,88,90 Eleven studies or subgroups used moderate intensity 

interventions.86,88,89,91–93,95–99 One study utilised a high intensity intervention.100 One study did 

not report an intensity prescription.94  

 

Seven studies or subgroups used aerobic exercise interventions,87,90,91,94,97,98,100 six used 

resistance exercise interventions,86,88,90–92,99 and four studies used combined 

interventions.89,93,95,96 No studies used flexibility exercise as their main intervention. Three 

studies used stretching as a control.88,92,98 Two studies used an additional oral nutritional 

supplement which both the intervention and control groups received.91,99 

 

The duration of exercise sessions varied from 10 to 75 minutes. The shorter interventions 

were intended to be completed multiple times a day in order to meet a target of 20,87 30,89 or 

40 97 minutes daily activity.  

 

Four interventions were home-based,87,89,96,97 two were supervised in a gym or rehab 

environment,86,92 and the remaining nine were supervised at the dialysis unit. Two studies 

specified that participants were supervised by a trained physiotherapist,86,92 one home 

home-based study began with 4 weeks supervision97 and one study was supervised by a 

dietician trained in exercise for dialysis.91   

 

Ten studies used individualised targets for exercise prescription.86–92,95,96,98 Nine studies 

used progressive exercise prescriptions which increased in intensity or duration across the 

intervention period.86–88,90,91,93,95,96,100  

 

Adherence 
 
Adherence was measured in a variety of ways across studies. Three studies reported 

adherence as proportion of studies performed out of those offered; mean adherence was 

reported between 52 – 100%.86,87,96 Within these there was a high amount of variance in 

adherence. Uchiyama et al. reported 52% ± 40% of the walking exercise and 76% ± 37% of 

resistance exercise was completed.96 In the trial of Manfredini et al., 44% of participants 

reported doing more than the prescribed intervention and 28% reported doing less than 
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10%.87 Van Craenenbroeck et al. reported 100% of participants completed 70 or more 

training days with at least 40 mins exercise (out of a total possible 84 days).97 Tawney et al. 

measured self-reported time doing activities and found that participants in the intervention 

group increased their moderate intensity activity by an hour per week.89 Four studies 

reported adherence of 75 – 100% but did not report how it was measured.88,91,95,99 One study 

measured adherence as completion of a minimum of 80% of the goal exercise time for all 

sessions but did not report how many participants achieved this.93 Five studies did not report 

adherence to the intervention.90,92,94,98,100 

 

Adverse events 
 

Of the fifteen included studies, nine reported adverse events in the text of the report,87–89,91–

94,98,99 although Manfredini et al. did not record events in the control group.87 These adverse 

events are summarised in table 4. Two studies reported that there were no adverse events 

related to the intervention group; again they did not comment on events in the control 

group.86,96 However, there were additional adverse events noted in the flowcharts of some 

papers which were not mentioned in the text (table 5). 

 

Risk of bias in studies 

 

Overall, all studies were found to be at high risk of bias. Table 6 and figure 3 give a summary 

of the risk of bias assessments for all studies. 

 

Across studies there were several common themes for sources of potential bias. The most 

frequent was assessments being conducted by unblinded assessors, either the participants 

themselves or an unblinded researcher (domain 4). Secondly, there was a large amount of 

missing data which could be due to the value of the missing data itself (domain 3). For 

example, patients who have worse cognitive function may be more likely to drop out of 

studies or to not complete assessments of cognitive function due to confusion or cognitive 

fatigue. In addition, many studies failed to report the method of allocation concealment, if 

any (domain 1).  

 
Main outcome  
 
The meta-analysis found that in patients living with CKD, the effect of exercise on cognition 

did not differ from that of controls (ES = 0.21; CI95 = -0.05, 0.47; p = 0.12) (figure 4). As can 

be seen in the forest plot there was a large degree of variability within most studies. The test 
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for heterogeneity indicated a substantial degree of difference between the studies, which 

was unlikely to all be attributable to chance (I2 = 62%).  

 
Subgroup analysis by type of outcome measurement (objective vs subjective) 
 

Four studies used objective measurements of cognition: MMSE 95,100 and the Modified Mini-

Mental State examination (3MS).92,94 The remaining twelve studies used the KDQOL88 or 

KDQOL-SF86,87,89–91,93,96–99. The KDQOL-SF is a condensed version of the KDQOL. Both 

contain three questions targeting cognitive function which are worded slightly differently but 

ask about the same aspects of cognition (concentration, becoming confused, and reacting 

slowly to stimuli).  

 

Although a significant moderate positive effect size was obtained for objective measures (ES 

= 0.66; CI95 = 0.02, 1.29; p = 0.04), and a non-significant negligible effect was obtained when 

measured using a subjective assessment (ES = 0.09; CI95 = -0.17, 0.35; p = 0.51), the tests 

for subgroup differences revealed that outcome measure did not significantly moderate the 

relationship between exercise and cognition (χ2 = 2.62, p = 0.11) (figure 5).  
 

Meta-regression investigating intensity of exercise as a covariate 
 
As per the classifications of this review, three studies or subgroups used low intensity 

interventions. 87,88,90 Eleven studies or subgroups used moderate intensity 

interventions86,88,89,91–93,95–99 and one used a high intensity intervention.100 One study did not 

report an intensity prescription so was not included in the meta-regression.94 

 

The meta-regression found no effect of low intensity exercise on cognition (ES = 0.02; CI95 = 

-0.49, 0.53; p = 0.94) (table 7 and figure 6). In relation to low intensity exercise, moderate 

intensity exercise did not have any significant different effect (coefficient = 0.12; CI95 = -0.47, 

0.71; p = 0.69). In relation to low intensity exercise, high intensity exhibited a significant 

difference, showing a strong beneficial impact on cognition (coefficient = 1.29; CI95 = 0.14, 

2.44; p = 0.028). The test of the relationship between intensity and cognition was non-

significant, indicating that the relationship could be explained by chance (Q = 5.043 and p = 

0.08) (table 8). The test for residual heterogeneity indicated that there are remaining 

unexplained differences between the groups (Q = 28.2, p = 0.005) (table 8). 
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Meta-regression examining length of intervention as a covariate 
 
The length of the interventions ranged from 8 weeks90 to 6 months89 across studies. The 

mode length was 12 weeks.88,91–93,96,98,99  

  

The meta-regression demonstrated no relationship between the length of the intervention in 

weeks and the effect on cognition (coefficient = 0.004; CI95 = -0.04, 0.05; p = 0.86) (table 9 

and figure 7).  

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

One study included patients with stage 3 – 4 kidney disease97 and one study included those 

who had undergone kidney transplantation.86 The remaining thirteen studies included 

patients managed with dialysis – Uchiyama et al. included only patients using peritoneal 

dialysis,96 Manfredini et al. included both those on haemodialysis and peritoneal dialysis,87 

and the remaining eleven studies included only those treated with haemodialysis. 88–95,98–100 

 

Subgroup analyses revealed a significant strong positive relationship between exercise and 

cognition within patients with stage 1 – 4 disease (ES = 1.20; CI95 = 0.45, 1.95; p = 0.002) 

(figure 8), though it should be noted that this subgroup contained a single study. No effect of 

exercise was demonstrated in the stage 5 – dialysis group (ES = 0.12; CI95 = -0.13, 0.38; p = 

0.35). Furthermore, cognition was not improved within the stage 5 – kidney transplant group, 

albeit the effect size was moderate (suggestive of lack of power for this analysis given the 

single study in this subgroup) (ES = 0.49; CI95 = -0.51, 1.49; p = 0.34). Moderation analyses 

revealed that CKD stage and treatment did significantly predict the relationship between 

cognition and exercise in CKD patients (χ2 = 7.31, p = 0.03). 

 

Subgroup analysis by type of exercise  
 

Seven studies or subgroups used an aerobic exercise intervention.87,90,91,94,97,98,100 Six studies 

or subgroups used a resistance exercise intervention.86,88,90–92,99 Four studies used combined 

interventions.89,93,95,96  

 

Aerobic exercise alone had a moderate positive effect on cognition (ES = 0.55; CI95 = 0.12, 

0.97; p = 0.01) (figure 9). Neither resistance exercise nor combined interventions had any 

effect on cognition, with effect estimates of -0.06 (CI95 = -0.38, 0.25; p = 0.69) and -0.09 (CI95 
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= -0.52, 0.34; p = 0.70) respectively (figure 9). Moderation analysis suggested that the type 

of exercise did predict the effect on cognition (χ2 = 6.04; p = 0.05).  

 

Sensitivity analysis 
 
As mentioned above, all included studies were felt to be at high risk for potential introduction 

of bias. Therefore, it was not possible to run the planned sensitivity analysis. 

 

Reporting biases 
 

A funnel plot of the included studies, charting standardised treatment effect by standard error 

is shown in figure 10. Visually there is little asymmetry, and Egger’s test gave a result of p = 

0.17, indicating that there was no asymmetry of the plot. These analyses suggest there was 

no effect of publication bias on this meta-analysis.  

 

As seen in figure 2, six studies were excluded from the synthesis due to incomplete 

datasets. Based on the ORBIT classification system for missing or incomplete outcome 

reporting,79 these partial reports largely present a low risk of bias from the lack of inclusion of 

non-significant results (table 10). 

 

Overall, the primary finding of this meta-analysis was of no effect of exercise on cognition, 

and the majority of individual studies found no effect (as opposed to a mixture of significant 

positive and negative effects). This, together with the above findings, suggests that there 

was little evidence of publication bias affecting the overall result.  
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Discussion 
 

Overall synthesis 
 
This meta-analysis found that in patients living with CKD, the effect of exercise on global 

cognition did not differ from that of controls. Consequently, there is currently insufficient 

evidence to support implementing exercise interventions to improve cognitive function at a 

whole CKD population level.  

 

However, exercise has multiple benefits for patients living with CKD12 and is generally 

considered safe in this population.5 Furthermore, analysis of adverse events in the present 

meta-analysis was consistent: exercise did not cause obvious harm. Combined with findings 

from pre-planned subgroup analyses reported herein, kidney care teams may wish to 

consider exercise intervention for maintenance of cognitive function in certain CKD patients. 

Specifically, we suggest exercise interventions in patients with CKD stages 1 – 4, who can 

exercise using aerobic exercise modes. In addition, there may be benefit for patients who 

have undergone renal transplantation, and who can exercise at higher intensities.  

 

Two other similar systematic reviews and meta-analyses have been carried out investigating 

the effect of exercise on cognition, albeit in strictly dialysis populations. As mentioned 

previously, Bernier-Jean et al. conducted a meta-analysis of the effect of exercise on 

cognition as a secondary outcome in their Cochrane study.19 Their finding that any exercise 

did not affect cognition is in keeping with our results. In contrast, Liu et al. found the opposite 

– that exercise significantly improved cognition.36 This difference in findings may be due to a 

number of reasons: firstly that Bernier-Jean et al.’s analysis only used KDQOL-SF data,19 

whereas Liu et al.36 and this review included any measure of cognition. Secondly, Bernier-

Jean et al. included any dialysis patients,19 Liu et al. included only HD patients,36 and this 

study included all CKD patients. Thirdly, the two meta-analyses included different trials, with 

only one trial87 in common between the two; the analysis herein shared 8 trials with the 

above two analyses.87,91,92,94–96,98,99 Furthermore, Liu et al.36 included two reports of 

participants from the EXCITE trial,87,101 which found in favour of exercise, and included PD 

patients, and so may have exaggerated the effect size.  

 

In many cognition trials in different populations, there are clear inclusion and exclusion 

criteria relating to participants’ baseline cognition. In contrast, the trials included herein were 

heterogenous in terms of exclusion criteria based on cognitive function. Roughly half of the 

studies excluded participants with dementia or cognitive impairment, but the remainder did 
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not. Furthermore, there was no reporting in these studies regarding the proportion of the trial 

who had cognitive impairment at baseline. The possible variability in baseline cognition of 

the participants in the included studies may have had an influence on our results, and due to 

a lack of reporting within the reviewed trials, we were unable to include baseline cognitive 

function as a subgroup analysis. 

 
Type of exercise 
 

The type of exercise performed had differing effects on cognition, with only aerobic exercise 

having any effect (which was of a moderate improvement). These findings are in keeping 

with those of Bernier-Jean et al. who showed that aerobic exercise significantly improved 

cognition in dialysis patients, with no effect found with resistance or combined exercises.19  

 
Stage and treatment of CKD 
 
Patients with ESRF are more likely to have CI than those in earlier stages, and this study 

suggests that exercise does not affect cognition in patients on dialysis. This is in keeping 

with the recent findings of Bernier-Jean et al., who found that any exercise did not affect self-

rated cognition in patients undergoing maintenance dialysis.19   

 

This finding may be due to an irreversible nature of cognitive impairment in this patient 

group. Alternatively, it may reflect limitations in the types and modes of exercise available 

during dialysis, particularly HD. Given that the process of HD requires users to be sat down 

and connected to a haemodialysis machine, participants are unable to move freely whilst 

undergoing the treatment. Intradialytic aerobic exercise interventions in this setting mostly 

consist of seated cycling (as found in this review and the 2022 Cochrane review19), limiting it 

to the lower body. Furthermore, patients with ESRF are known to experience high levels of 

fatigue19 and low levels of physical fitness,12 which could hinder their ability to exercise to 

prescription targets. That is, due to the type of symptoms they experience, they are not able 

to reach adequate levels of intensity or duration of exercise, thus limiting the dose received.  

 

The fact that the effect estimate crossed the null line in the kidney transplant group may also 

indicate no effect in this population too, but note the small sample size of this subgroup 

analysis (n = 16) which included only one study. As such we would not yet rule out the 

possibility of effect in this patient group. In contrast, there was a strong effect of exercise in 

pre-dialytic patients, but again the results must be interpreted cautiously due to the small 

sample size (n = 40) from a single study. Notwithstanding this concern, it has been shown 
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that exercise improved blood pressure in non-RRT patients, with no effect in HD or 

transplant patients,18 which is consistent with the findings reported on cognition herein, and 

of interest as early blood pressure control may preserve cognitive function.28 Additionally, it 

has been found that MCI begins in the earlier stages of CKD, and around 10 – 20% of these 

patients progress to dementia within 12 months.102 Therefore, exercise may be important in 

the earlier stages of CKD to prevent progression to severe CI.   

 
Exercise intensity 
 
The findings of this analysis suggested that high intensity exercise alone improved cognition; 

there did not appear to be any effect of low or moderate intensity exercise. Similarly, Northey 

et al. showed that moderate and high intensity, but not low intensity, exercise had a small 

but significant effect on cognition in older adults.43 Furthermore, Wilund et al. argued that 

exercise interventions often fail to produce clinically significant improvements in the health 

and QOL of HD patients, primarily because the volume and intensity of the exercise 

prescribed is insufficient.103 However, the omnibus test for subgroup differences completed 

herein, which determined if there was an overall significant difference between the different 

intensity groups, was non-significant, suggesting the finding that high intensity exercise 

improved cognition should be interpreted with caution. Indeed there was only one study 

which provided a high intensity intervention.100 This study included a small number of 

participants who were allocated unevenly to the intervention and control groups and had a 

high risk of bias across multiple domains. Evidently, more research into high intensity 

exercise programmes is required.  

 

A challenge for future studies will be to ensure compliance to exercise interventions, 

particularly if exercise intensity needs to be high to elicit an effect. It should be noted that, 

within the included RCTs, adherence to the intervention was poorly reported. Poor 

compliance (number of sessions attended, and intensity of exercise achieved) to exercise 

interventions is common in patients living with CKD, particularly in haemodialysis patients, 

due to intercurrent medical events and fatigue.104 Thus, poor compliance may have reduced 

the efficacy of the exercise interventions analysed herein.  
 
Outcome measure 
 

When measured with objective tests, exercise showed a moderate positive effect on 

cognition. In contrast, there was no effect seen when cognition was measured using the 

KDQOL or KDQOL-SF assessments. This may suggest that objective measurements of 
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cognition are more sensitive to detect changes in cognition in response to exercise than 

subjective measurements. However, the omnibus test for differences showed that there was 

no significant difference between the two subgroups, that is, that outcome measurement did 

not moderate the relationship between exercise and cognition. This is in keeping with the 

finding of Liu et al. who found no difference in the effect of exercise on cognition when 

measured with 3MS, KDQOL-SF and MoCA.36 Assuming that type of outcome measurement 

is not merely a reflection of some other unaccounted-for difference between studies, further 

discussion on outcome measures is thus warranted.  

 

Research into the validity of the KDQOL-SF as a measure of cognition is conflicting. Kurella 

et al. compared the Kidney Disease Quality of Life Cognitive Function scale (KDQOL-CF), 

which is purely the three cognition questions of the KDQOL, to the 3MS.105 They found a 

small correlation between the summary KDQOL-CF score and 3MS score, concluding that 

their findings support the use of KDQOL-CF as a screening tool for cognitive impairment. In 

contrast, Sorensen et al. compared the KDQOL-CF to a battery of established 

neurocognitive tests including MMSE, Trail Making Test (TMT), and the Digit Symbol-Coding 

test.106 They concluded that the KDQOL-CF was a poor determinant of neurocognitive 

performance in haemodialysis patients, with very limited sensitivity for identifying individuals 

with poor performance on neurocognitive tests.  

 

All of the aforementioned assessments vary in length and, in practice, it may be pragmatic to 

choose a shorter assessment in order to avoid cognitive fatigue and missing data, 

particularly where participants are subject to multiple rounds of testing.  

 

Length of intervention 
 

There was no relationship found between the length of exercise intervention and the effect 

on cognition. This finding is in keeping with the meta-analysis of Sanders et al., who found 

that the duration of an exercise programme did not moderate the effect size in older adults 

without CKD, both with and without cognitive impairment.107  

 

Most trials included herein were only 12 weeks in length, which may be too short to see an 

effect. Indeed Liu et al. found that interventions lasting 12 weeks had no effect on cognition 

and only those lasting over 16 weeks had any effect in HD patients.36 It may also be that 

fixed duration exercise interventions are ineffective after they stop; instead patients may 

require sustained lifestyle change in order to have a significant effect on cognition, such as 

found by Sofi et al.13 Sanders et al. also concluded that other aspects of the exercise 
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prescription, including duration of each session, and frequency of sessions, moderate the 

effect size of exercise in cognitively impaired older adults.107 To avoid completing too many 

subgroup analyses, these characteristics of the exercise intervention were not analysed 

herein.  

 
Risk of bias in included studies 
 
In the assessment of the risk of bias within individual studies, all studies were found to be at 

high risk of being influenced by bias, albeit using a conservative approach to the risk of bias 

assessment. For any of these papers, this was due to the nature of the intervention and 

assessment itself, that is, in an exercise intervention blinding is impossible, and participants 

will know if they have exercised or not which may affect their self-rated cognition scores. 

Furthermore, in those studies which used an objective cognitive assessment, it was not clear 

that the researchers delivering these tests were blinded to which intervention the participants 

were allocated. Pragmatically, the authors acknowledge that in a real-world setting, it may 

not be possible to blind the researchers to group allocation due to financial or personnel 

restraints on the trial, but researcher effects could have affected outcome assessment.  

 

Another potential source of bias was due to missing data due to non-completion of tests. 

This could have been caused by the poor cognition of the participants undertaking those 

tests, therefore overestimating any effect of the exercise interventions. Whilst this would not 

have changed the null finding of this analysis, it may have missed a negative effect, or would 

give more weight to the null result. In studies in non-CKD populations, there is a higher 

chance of non-completion of follow-up tests in those with deficits in executive function 

compared to those with memory or global cognitive deficits;108 patients with CKD are known 

to lose executive function before other cognitive domains.108  

 

Limitations of evidence in the review 
 
Within the evidence collected for this review there are several limitations, the first of which is 

due to the high risk of bias, as discussed above.  

 

Secondly, seven of the fifteen included studies excluded patients with diagnosed dementia, 

or cognitive changes which would affect study participation. The remaining eight studies did 

not exclude patients due to levels of cognition. It is known that CI is under-recognised in 

CKD54,109,110 so we cannot be sure how many participants ‘fell through the net’, that is, had 

undiagnosed dementia or MCI and were included. In contrast, exclusion of those with known 
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dementia will have excluded a large proportion of CKD patients who may benefit from the 

intervention. It is possible that the effects and benefits of exercise may be exacerbated or 

potentiated in those with CI, given the differences between findings of other reviews in 

normal cognition42 versus CI.44 

 

Furthermore, the missing data surrounding adherence to the exercise prescription in the 

reviewed studies means that it is not clear if null fundings are due to a lack of efficacy of 

exercise or due to poor patient compliance. If many participants do not complete a 

substantial part of the prescribed exercise intervention, then there needs to be research into 

how to motivate participants into engaging with the intervention. One such study which 

aimed to increase adherence by using a more engaging intervention sadly did not report on 

said adherence.93  

 
Limitations of review process 
 

There were also some limitations with the process of this review itself. Firstly, the inclusion 

criteria were very broad, which resulted in a very heterogenous participant and intervention 

pool. This decision was made following a scoping review, to maximise the use of existing 

data. Patients with early CKD (stages 1 – 4) are physiologically very different from those with 

stage 5 disease. Likewise, interventions were varied, including aerobic, resistance, and 

combined, across a range of modalities. The subgroup analyses herein were carried out to 

somewhat mitigate this heterogeneity. 

 

Secondly, the review was carried out by a small (two person) review team. One reviewer 

carried out all stages of the review, and the second researcher reviewed and offered 

opinions on each stage until consensus was found. While each stage of the review was 

checked by the second reviewer to minimise individual bias, a larger research team would 

more effectively mitigate this. 

 

Thirdly, both PD and HD patients were combined into one group in the subgroup analysis 

investigating effect size and stage of CKD/type of treatment. Patients who are on PD are 

slightly more active than those on HD111 and this may affect their participation in, and 

outcomes arising from, exercise interventions. However, for the purposes of this review it 

was decided to group them as there were very few trials identified in the scoping review 

which only included PD patients, and the trial which included both HD and PD patients did 

not present data for each treatment group separately.87 Subsequent systematic reviews and 
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meta-analyses may wish to investigate these as individual groups, depending on the 

availability of evidence.  

 

Finally, the interpretation of the results of the risk of bias assessment meant that it was not 

possible to run a sensitivity analysis. The categorical approach taken (that is, if one domain 

was classified as high risk then the study was overall classed as high risk) was intended to 

standardise the assessment of the risk of bias but also contributed to the finding that every 

paper was high risk. There were many instances of under-reporting of methods so, at times, 

clear judgement was difficult to reach. Additionally, in exercise studies where participants 

cannot be blinded to their intervention, coupled with the use of self-rated outcome measures 

(domain 4), there will always be a risk of bias and our approach did not account for this. 

Whilst a sensitivity analysis could have been executed based on the other four domains of 

the RoB 2 tool,68 the result would have to be interpreted with caution and may have 

promoted findings which were otherwise not reflected in the other analyses. This limitation is 

a challenge faced by many authors of systematic reviews of exercise interventions, 

regardless of the risk of bias tool used.  

  
Implications of the results for practice, policy, and future research  
 

Whilst this review found that exercise did not affect cognition in CKD, the authors would still 

recommend kidney care teams consider exercise for this population. Such an approach is 

recommended because of other known benefits of exercise18 and no evidence that exercise 

causes harm. Exercise may be particularly helpful to preserve cognition in patients with CKD 

stages 1 – 4 providing it can be aerobic in nature. There may also be benefit in those with 

kidney transplants and completed at higher intensities.  

 

Surprisingly, the SONG initiative, which provides standardised recommended outcomes for 

research in nephrology, does not highly prioritise cognition as an outcome.112 Currently, they 

recommend that cognition is considered as an outcome in trials of dialysis patients (low 

priority) and may be reported in some trials for transplant patients (intermediate priority).113 

There are no SONG recommendations yet for patients with CKD stages 1 – 4. It may be that 

as of yet, CI and its poor outcomes are still under-recognised by patients with CKD, their 

clinicians, and researchers.  

 

We argue that more research is needed to examine pre-dialysis patients living with CKD, 

because they are most likely to see cognitive benefit from exercise interventions, and 

patients with kidney transplants as we cannot rule out that they will benefit. Currently, there 
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are several published protocols for ongoing trials which either specifically look at the effect of 

exercise on cognition,114,115 or use a QoL questionnaire which includes cognitive 

domains.116–118 Two of these experiments are in patients with renal transplants,116,117 but 

unfortunately none of these planned trials include patients with CKD stages 1 – 4.  

 

Furthermore, we suggest that in trials studying cognition, the following are considered: 

1. an objective outcome measure is used, with blinded assessors carrying out the test 

2. pre-dialysis and transplant patients 

3. record and report fully on compliance (proportion of sessions undertaken and amount 

that intensity targets were met) 

4. a follow-up period to investigate whether cognition is maintained 

 

Summary 
 

Overall, whilst this review and meta-analysis found no positive effect of exercise 

interventions on cognition in patients with CKD, it did not find any evidence of harm from 

these interventions. We found promising evidence of benefit from aerobic exercise and in 

patients with CKD stages 1 – 4, and the possibility of benefit from high intensity exercise or 

for patients with renal transplants.  

 

Other information  

This study was registered in the Prospero Registry (www.crd.york.ac.uk/prospero), number 

CRD42021271184. Funding was received by EJB from the Ysbyty Gwynedd Kidney Patients 

Association for an MScRes. There are no conflicts of interest.   



38 
 

General Conclusion 
 
This thesis has collated the existing evidence for the effect of exercise on cognition in 

patients living with CKD, and found that overall there is no clear effect. However, this finding 

is largely based on evidence in dialysis patients. Exercise appears to provide cognitive 

benefit to patients with CKD 1 – 4 and undergoing aerobic exercise. There is a necessity for 

further research into this cohort, and that of patients with renal transplants. Furthermore, 

care needs to be taken in the design and implementation of these studies to increase 

transparency and reduce the risk of bias as much as possible.  

 

Notwithstanding the limitations of the research, there is no evidence to suggest that exercise 

is harmful in CKD and, given the other known beneficial effects, should continue to be 

recommended to the whole spectrum of these patients. 

 
As evidenced above, this thesis involved learning and carrying out a substantial number of 

new skills for myself. Whilst the process was difficult at times, I believe it has already and will 

continue to inform my practice as a clinician. I have deepened my understanding of scientific 

method and the balanced interpretation of evidence which has affected my clinical decision-

making. I am also able to share my understanding with colleagues, enabling them to take 

part in discussion of research. The development of my team-working and leadership skills 

has translated directly to my hospital work and allowed me to recognise both my own 

strengths and weaknesses as well as that of my colleagues. This has enabled me to both 

take the lead when needed, and to ask for help as appropriate. I believe the whole process 

and undertaking of this MScRes has benefitted me and that I have successfully completed 

the aims of the academic FY2 programme.  
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Glossary and list of abbreviations 

 

3MS – Modified Mini-Mental State examination.  

 

ADAS-Cog – Alzheimer’s Disease Assessment Scale – Cognitive subscale, the gold 

standard tool used to measure the effects of treatments on cognitive function in trials 

involving patients with dementia. 

 

ADLs – activities of daily living. 

 

Borg scale – a tool used to subjectively quantify the intensity of an exercise or activity. 

 

CAPD – continuous ambulatory peritoneal dialysis, a form of peritoneal dialysis in which 

patients are able to go about their daily lives whilst undergoing treatment with dialysis fluid in 

their abdomens, in order to imitate the role of the kidney. 

 

CI – cognitive impairment. 

 

CKD – chronic kidney disease. Classified into 5 stages from least severe (stage 1) to most 

severe (stage 5). 

 

DALYs – disability-adjusted life years. One DALY represents the loss of the equivalent of 

one year of full health. DALYs for a disease or health condition are the sum of the years of 

life lost to due to premature mortality and the years lived with a disability due to prevalent 

cases of the disease or health condition in a population.119 

 

ESRF – end stage renal failure, also known as CKD stage 5. 

 

FY2 – Foundation Year 2, the second year of working life for a newly qualified doctor within 

the NHS. 

 

GFR – glomerular filtration rate. Rate at which the kidney filters blood, used as a marker of 

function. 

 

HD – haemodialysis. Procedure whereby an external machine is used to filter the blood of a 

patient, replicating the work of the kidney. 
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KDQOL(-SF) – Kidney Disease Quality of Life (-Short Form), a series of questionnaires 

which measure patients’ quality of life across a number of general and kidney disease-

specific outcomes. 

 

MCI – mild cognitive impairment.  

 

MMSE – Mini-Mental State Examination, a tool which measures global cognitive function. 

 

MoCA – Montreal Cognitive Assessment, a tool to screen for cognitive impairment. 

 

MRI – magnetic resonance imaging. 

 

MScRes – degree of Master of Science by Research. 

 

NHS – National Health Service. 

 

PD – peritoneal dialysis. Procedure whereby the peritoneum (the lining of the abdominal 

cavity) is used to filter the blood of a patient, to replicate the role of the kidney. 

 

QoL – quality of life. 

 

RCT – randomised controlled trial. 

 

RRT – renal replacement therapy. Treatment which aims to replicate the function of the 

kidneys in people whose own kidneys no longer work. RRT includes haemodialysis, 

peritoneal dialysis, and kidney transplantation. 

 

SONG - Standardised Outcomes in Nephrology. An international initiative that aims to 

establish core outcomes in chronic kidney disease research. 
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Tables 
 

Classifications of CKD as per ICD-11 
Stage Definition 

1 Kidney damage with normal or increased GFR > 90 

2 Kidney damage and GFR 60-89 

3a GFR 45-59 

3b GFR 30-44 

4 GFR 15-29 

5 GFR <15 

Table 1 - Classification of CKD as per the International Classification of Diseases – 11.1 CKD = 

Chronic Kidney Disease. ICD-11 = International Classification of Diseases 11th Revision. GFR = 

Glomerular Filtration Rate, measured in ml/min/1.73m2.   

  
Relative intensity of cardiorespiratory and resistance exercise 

Assigned 
Intensity 

RPE as 
per Borg 

scale 
%HRmax %V̇O2max %1RM Repetitions HR 

Low 9-11 57-<64 37-<45 <50 15 Below 

anaerobic 
threshold 

Moderate 12-13 64-<76 46-<64 50-<70 12 

High 14-17 76-<96 64-<91 >70 <=10 

Above 

anaerobic 

threshold 

Table 2- Relative Intensity of Cardiorespiratory and Resistance Exercise. Adapted from ACSM75 & 

NSCA.76  Assigned intensity = by authors using the following information taken from each paper: RPE 

= Rating of Perceived Exertion. HRmax = maximal heart rate. V̇O2max = maximum oxygen 

consumption. %1RM = percentage of load of 1 repetition maximum. Repetitions = where no load was 

given, but number of repetitions was reported, an estimate of intensity was made based on the NSCA 

guidance.76 HR = heart rate.  
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Characteristics of included studies 
Study Characteristics 

De Lima 2013 

Title: Effect of Exercise Performed during Hemodialysis: Strength versus Aerobic 

Location: Brazil  

Funding: NG 

Study design: Single centre pre-test post-test RCT 

Participants’ stage of CKD and treatment: 5, HD 

Number randomised (IG/CG analysed) (n): 33 (10/11/11) 

Proportion of participants with dementia* (%): 0 

Intervention (G2): 

• Mode: Intradialytic lower limb resistance exercise 

• Type: Resistance 

• Target intensity: Modified Borg 2 – 3 

• Intensity as per this review: Low 

• Progressive: Yes 

• Individualised: Yes 

• Time (mins/session): NA 

• Frequency (sessions/week): 3 

• Length of intervention (weeks): 8 

• Location: Dialysis unit 

Intervention (G3): 

• Mode: Intradialytic ergometric cycling 

• Type: Aerobic 

• Target intensity: Modified Borg 2 – 3  

• Intensity as per this review: Low 

• Progressive: Yes 

• Individualised: Yes 

• Time (mins/session): 20 

• Frequency (sessions/week): 3 

• Length of intervention (weeks): 8  

• Location: Dialysis unit 

Control: Usual care 

Outcome: QoL 

Measurement: KDQOL-SF 

Primary or secondary outcome: Primary  

Finding (re: cognition): No change in cognition domain in any group 
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Hernández Sánchez 

2021contin 

Title: Effects of a resistance training program in kidney transplant recipients: A randomized controlled trial. 

Location: Spain 

Funding: None 

Study design: Pre-test post-test RCT 

Participants’ stage of CKD and treatment: 5, renal transplant 

Number randomised (IG/CG analysed) (n): 16 (8/8) 

Proportion of participants with dementia* (%): NG 

Intervention: 

• Mode: upper and lower limb resistance exercises 

• Type: Resistance 

• Target intensity: 3 – 4 sets of 10 RM 

• Intensity as per this review: Moderate 

• Progressive: Yes 

• Individualised: Yes 

• Time (mins/session): 60 

• Frequency (sessions/week): 2 

• Length of intervention (weeks): 10  

• Location: Gymnasium  

Control: NG “control” 

Outcome: QoL  

Measurement: KDQOL-SF 

Primary or secondary outcome: Primary 

Finding (re: cognition): No significant group by time interaction 

Lopes 2019 
Title: Intradialytic Resistance Training Improves Functional Capacity and Lean Mass Gain in Individuals on Hemodialysis: A 

Randomized Pilot Trial 
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Location: Brazil 

Funding: Coordenação de Aperfeiçoamento de Pessoal de Nível Superior scholarship 

Study design: Multi-centre pre-test post-test RCT 

Participants’ stage of CKD and treatment: 5, HD 

Number randomised (IG/CG analysed) (n): 80 (16/14/20) 

Proportion of participants with dementia* (%): NG 

Intervention (HLG): 

• Mode: Intradialytic lower limb resistance exercise 

• Type: Resistance 

• Target intensity: 4 sets of 10 – 12 RM 

• Intensity as per this review: Moderate 

• Progressive: Yes 

• Individualised: Yes  

• Time (mins/session): 20 – 40  

• Frequency (sessions/week): 3 

• Length of intervention (weeks): 12   

• Location: Dialysis unit  

Intervention (MLG): 

• Mode: Intradialytic lower limb resistance exercise 

• Type: Resistance 

• Target intensity: 3 sets of 18 – 20 RM 

• Intensity as per this review: Low 

• Progressive: Yes 

• Individualised: Yes  

• Time (mins/session): 20 – 40  

• Frequency (sessions/week): 3 

• Length of intervention (weeks): 12  

• Location: Dialysis unit 

Control: Intradialytic stretching  

Outcome: QoL 

Measurement: KDQOL 

Primary or secondary outcome: Secondary  

Finding (re: cognition): No significant group by time interaction 

Manfredini 2017 

Title: Exercise in Patients on Dialysis: A Multicenter, Randomized Clinical Trial 

Location: Italy  

Funding: NG 
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Study design: Multi-centre pre-test post-test RCT 

Participants’ stage of CKD and treatment: 5, HD or PD 

Number randomised (IG/CG analysed) (n): 296 (104/123) 

Proportion of participants with dementia* (%): NG 

Intervention: 

• Mode: Walking 

• Type: Aerobic 

• Target intensity: “low intensity” 

• Intensity as per this review: Low 

• Progressive: Yes 

• Individualised: Yes 

• Time (mins/session): 10 

• Frequency (sessions/week): 6 

• Length of intervention (weeks): 24  

• Location: Home 

Control: Usual care 

Outcome: QoL 

Measurement: KDQOL-SF 

Primary or secondary outcome: Primary 

Finding (re: cognition): CG had a significant decrease in cognition whereas IG did not - this difference in change was 

significant 

Martin-Alemañy 2016 

Title: The effects of resistance exercise and oral nutritional supplementation during hemodialysis on indicators of nutritional 

status and quality of life 

Location: Mexico 

Funding: NG 
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Study design: Pre-test post-test RCT 

Participants’ stage of CKD and treatment: 5, HD 

Number randomised (IG/CG analysed) (n): 44 (17/19) 

Proportion of participants with dementia* (%): 0 

Intervention: 

• Mode: Intradialytic upper and lower body resistance exercise plus oral nutritional supplement 

• Type: Resistance 

• Target intensity: Borg 12 – 13  

• Intensity as per this review: Moderate  

• Progressive: No 

• Individualised: No 

• Time (mins/session): 40 

• Frequency (sessions/week): 2 

• Length of intervention (weeks): 12   

• Location: Dialysis unit 

Control: Oral nutritional supplement 

Outcome: QoL 

Measurement: KDQOL-SF 

Primary or secondary outcome: Primary 

Finding (re: cognition): No significant change in cognition domain in either group 

Martin-Alemañy 2020 

Title: Effect of Oral Nutritional Supplementation With and Without Exercise on Nutritional Status and Physical Function of 

Adult Hemodialysis Patients: A Parallel Controlled Clinical Trial (AVANTE-HEMO Study) 

Location: Mexico 

Funding: NG 

Study design: Single centre pre-test post-test RCT 
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Participants’ stage of CKD and treatment: 5, HD 

Number randomised (IG/CG analysed) (n): 45 (12/9/13) 

Proportion of participants with dementia* (%): 0 

Intervention (AE+ONS): 

• Mode: Intradialytic ergometric cycling plus oral 
nutritional supplement 

• Type: Aerobic 

• Target intensity: Borg 12 – 13  

• Intensity as per this review: Moderate 

• Progressive: Yes 

• Individualised: Yes 

• Time (mins/session): 20 – 30  

• Frequency (sessions/week): 2 or 3 (depending on 

number of dialysis sessions per week) 

• Length of intervention (weeks): 12  

• Location: Dialysis unit 

Intervention (RE+ONS): 

• Mode: Intradialytic upper and lower body resistance 
exercise plus oral nutritional supplement 

• Type: Resistance 

• Target intensity: Borg 12 – 13  

• Intensity as per this review: Moderate  

• Progressive: Yes  

• Individualised: Yes 

• Time (mins/session): 40  

• Frequency (sessions/week): 2 or 3 (depending on 

number of dialysis sessions per week) 

• Length of intervention (weeks):  12 

• Location: Dialysis unit 

Control: Oral nutritional supplement 

Outcome: QoL 

Measurement: KDQOL-SF 

Primary or secondary outcome: Secondary  

Finding (re: cognition): No significant group by time interaction 

Matsufuji 2015 

 

Title: Effect of Chair Stand Exercise on Activity of Daily Living: A Randomized Controlled Trial in Hemodialysis Patients 

Location: Japan 

Funding: None 

Study design: Single centre pre-test post-test RCT 
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Participants’ stage of CKD and treatment: 5, HD 

Number randomised (IG/CG analysed) (n): 27 (6/11) 

Proportion of participants with dementia* (%): NG 

Intervention: 

• Mode: Pre-dialytic chair stand exercise 

• Type: Resistance 

• Target intensity: Half of maximum duration of chair stand to fatigue 

• Intensity as per this review: Moderate 

• Progressive: No 

• Individualised: Yes  

• Time (mins/session): 15 

• Frequency (sessions/week): 3 

• Length of intervention (weeks) 12:  

• Location: Hospital rehabilitation room  

Control: Pre-dialytic stretching  

Outcome: Global cognition 

Measurement: 3MS 

Primary or secondary outcome: Secondary 

Finding (re: cognition): No difference in change in cognition between groups  

Maynard 2019 

Title: Effects of Exercise Training Combined with Virtual Reality in Functionality and Health-Related Quality of Life of 

Patients on Hemodialysis 

Location: Brazil  

Funding:  None 

Participants’ stage of CKD and treatment: 5, HD 

Number randomised (IG/CG analysed) (n): 45 (20/20) 
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Proportion of participants with dementia* (%): NG 

Intervention: 

• Mode: Intradialytic combined aerobic, resistance, balance, coordination, stretching using video games (Wii sports 

and Wii fit plus), cycle ergometer, and ankle weights. 

• Type: Combined 

• Target intensity: Borg 12 – 14  

• Intensity as per this review: Moderate 

• Progressive: Yes 

• Individualised: No 

• Time (mins/session): 30 – 60  

• Frequency (sessions/week): 3 

• Length of intervention (weeks) 12:  

• Location: Dialysis unit 

Control: Usual care 

Outcome: QoL 

Measurement: KDQOL-SF 

Primary or secondary outcome: Primary  

Finding (re: cognition): No significant change in cognition across groups 

McAdams-DeMarco 

2018 

Title: Intradialytic Cognitive and Exercise Training May Preserve Cognitive Function 

Location: USA 

Funding: Johns Hopkins Faculty Innovation Fund, National Institutes of Health Grants, the Johns Hopkins Bloomberg, 

School of Public Health Faculty Innovation Fund, National Institute on Aging. 

Study design: Single centre pilot pre-test post-test RCT 

Participants’ stage of CKD and treatment: 5, HD 

Number randomised (IG/CG analysed) (n): 23 (6/7) 
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Proportion of participants with dementia* (%): 0 

Intervention: 

• Mode: Intradialytic foot peddling 

• Type: Aerobic 

• Target intensity: NG 

• Intensity as per this review: NA 

• Progressive: No  

• Individualised: No 

• Time (mins/session): as long as able to 

• Frequency (sessions/week): NG 

• Length of intervention (weeks): 13 

• Location: Dialysis unit 

Control: Usual care 

Outcome: Global cognition, executive function, and psychomotor speed 

Measurement: 3MS, TMTA, TMTB 

Primary or secondary outcome: Primary 

Finding (re: cognition): Significant decline in psychomotor speed in CG not seen in IG 

Poorsaadet 2018 

Title: The effects of aerobic exercise on cognitive performance and sleep quality haemodialysis patients. 

Location: Iran  

Funding: Arak University 

Study design: Repeated measures RCT 

Participants’ stage of CKD and treatment: 5, HD 

Number randomised (IG/CG analysed) (n): 38 (27/11) 

Proportion of participants with dementia* (%): 0 

Intervention:  
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• Mode: Intradialytic cycling 

• Type: Aerobic 

• Target intensity: Borg 12 – 15  

• Intensity as per this review: High 

• Progressive: Yes 

• Individualised: No 

• Time (mins/session): 75 

• Frequency (sessions/week): 3 

• Length of intervention (weeks): 24 

• Location: Dialysis unit 

Control: NG “control” 

Outcome: Global cognition, executive function, and psychomotor speed 

Measurement: MMSE, TMTB, SDT 

Primary or secondary outcome: Primary 

Finding (re: cognition): Significant improvement in all cognition domains in IG, with no significant change observed in CG. 

Stringuetta Belik 2018 

Title: Influence of Intradialytic Aerobic Training in Cerebral Blood Flow and Cognitive Function in Patients with Chronic 

Kidney Disease: A Pilot Randomized Controlled Trial 

Location: Brazil  

Funding: São Paulo Research Foundation 

Study design: Single centre pilot pre-test post-test RCT 

Participants’ stage of CKD and treatment: 5, HD 

Number randomised (IG/CG analysed) (n): 35 (15/15) 

Proportion of participants with dementia* (%): 0  

Intervention: 

• Mode: Intradialytic cycle ergometer and stretching exercise 
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• Type: Combined 

• Target intensity: 65 – 75% HRmax 

• Intensity as per this review: Moderate 

• Progressive: Yes 

• Individualised: Yes 

• Time (mins/session): 45 

• Frequency (sessions/week): 3 

• Length of intervention (weeks): 17  

• Location: Dialysis unit 

Control: Usual care 

Outcome: Global cognition 

Measurement: MMSE 

Primary or secondary outcome: Primary 

Finding (re: cognition): Improvement in IG compared to CG 

Tawney 2000 

Title: The Life Readiness Program: A Physical Rehabilitation Program for Patients on Hemodialysis 

Location: USA 

Funding: Amgen grant 

Study design: Multi-centre pre-test post-test RCT 

Participants’ stage of CKD and treatment: 5, HD 

Number randomised (IG/CG analysed) (n): 99 (39/43) 

Proportion of participants with dementia* (%): NG 

Intervention: 

• Mode: Physical activity-based counselling encouraging a mix of aerobic, strength, flexibility exercises 

• Type: Combined 

• Target intensity: “mild-moderate” 
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• Intensity as per this review: Moderate 

• Progressive: No 

• Individualised: Yes 

• Time (mins/session): 30 

• Frequency (sessions/week): 7  

• Length of intervention (weeks): 26  

• Location: Home 

Control: Usual care 

Outcome: QoL 

Measurement: KDQOL-SF 

Primary or secondary outcome: Primary  

Finding (re: cognition): No difference in change in cognition between groups 

Uchiyama 2019 

Title: Home-based Aerobic Exercise and Resistance Training in Peritoneal Dialysis Patients: A Randomized Controlled Trial 

Location: Japan 

Funding: NG 

Study design: Single centre pre-test post-test RCT 

Participants’ stage of CKD and treatment: 5, PD 

Number randomised (IG/CG analysed) (n): 47 (24/23) 

Proportion of participants with dementia* (%): NG 

Intervention: 

• Mode: Walking and upper and lower limb resistance training 

• Type: Combined 

• Target intensity: Borg 11 – 13 for walking and 70% of 1RM for resistance exercises 

• Intensity as per this review: Moderate 

• Progressive: Yes 
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• Individualised: Yes 

• Time (mins/session): 30 for walking, NG for resistance  

• Frequency (sessions/week): 3 times walking, 2 times resistance  

• Length of intervention (weeks): 12 

• Location: Home 

Control: Usual care 

Outcome: QoL 

Measurement: KDQOL-SF 

Primary or secondary outcome: Primary 

Finding (re: cognition): No significant change in cognitive subscale in either group 

Van Craenenbroeck 

2015 

Title: Effect of Moderate Aerobic Exercise Training on Endothelial Function and Arterial Stiffness in CKD Stages 3-4: A 

Randomized Controlled Trial 

Location: Belgium 

Funding: University of Antwerp & Research Foundation Flanders 

Study design: Single centre pre-test post-test RCT 

Participants’ stage of CKD and treatment: 3 – 4, medical  

Number randomised (IG/CG analysed) (n): 48 (16/17) 

Proportion of participants with dementia* (%): NG 

Intervention: 

• Mode: Ergometric cycling 

• Type: Aerobic 

• Target intensity: 90% of HR at anaerobic threshold 

• Intensity as per this review: Moderate 

• Progressive: No 

• Individualised: No 
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• Time (mins/session): 10 

• Frequency (sessions/week): 28 

• Length of intervention (weeks): 13 

• Location: Initially supervised then home 

Control: Usual care 

Outcome: QoL 

Measurement: KDQOL-SF 

Primary or secondary outcome: Secondary 

Finding (re: cognition): Improvement in cognition in IG in comparison to CG 

Wu 2014 

Title: Effect of individualized exercise during maintenance haemodialysis on exercise capacity and health-related quality of 

life in patients with uraemia 

Location: China 

Funding: None 

Study design: Single centre pre-test post-test RCT 

Participants’ stage of CKD and treatment: 5, HD 

Number randomised (IG/CG analysed) (n): 69 (32/33) 

Proportion of participants with dementia* (%): 0 

Intervention: 

• Mode: Intradialytic recumbent cycling 

• Type: Aerobic 

• Target intensity: Borg 12 – 16  

• Intensity as per this review: Moderate 

• Progressive: No 

• Individualised: Yes 

• Time (mins/session): 15 – 20  
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• Frequency (sessions/week): 3 

• Length of intervention (weeks): 12 

• Location: Dialysis unit 

Control: Intradialytic stretching 

Outcome: QoL 

Measurement: KDQOL-SF 

Primary or secondary outcome: Primary 

Finding (re: cognition): Improvement in cognition within IG but no difference in comparison to CG 

Table 3- Characteristics of included studies. Subgroups are named as in the original study. NG = Not Given. RCT = Randomised Controlled Trial. CKD = 

Chronic Kidney Disease. HD = Haemodialysis. IG = intervention group. CG = control group. G2 = Group 2. G3 = Group 3. Borg = Borg CR20 Rating of 

Perceived Exertion (RPE) scale. Modified Borg = Borg CR10 RPE scale. NA = Not Applicable. QoL = Quality of Life. KDQOL(-SF) = Kidney Disease Quality 

of Life assessment (-Short Form). RM = rep max weight. HLG = High Load Group. MLG = Moderate Load Group. PD = Peritoneal dialysis. AE = Aerobic 

Exercise. RE = Resistance Exercise. ONS = Oral Nutritional Supplement. 3MS = Modified Mini-Mental State Examination. TMT (-A or -B) = Trail Making Test 

(part A or part B). MMSE = Mini-Mental State Examination. SDT = Symbol Digit Test. HR = heart rate. HRmax = maximal HR. * based on exclusion criteria 

and/or reported numbers.  
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Adverse events referred to in the text 

Paper Total in IG (n) Total in CG (n) Event (quote from text) 
Events in IG 

(n;%) 
Events in CG 

(n;%) 
Lopes 2019 54 26 Hypotension 2 (4) 0 (0) 

   Angina 2 (4) 0 (0) 
   Tachycardia at rest 1 (2) 0 (0) 
   Access problems 2 (4) 1 (4) 

Manfredi 202017 104 123 Moderate fatigue 31 (30) NR 

   Heavy legs or leg pain 35 (34) NR 

   Moderate dyspnea 29 (28) NR 

   Other symptoms including joint pain 17 (16) NR 

   Angina 0 (0) NR 

Matsufuji 2015 12 15 Surgery for lung cancer 1 (8) 0 (0) 
   Haemorrhage from renal cysts 1 (8) 0 (0) 
   Hospitalisation for duodenal ulcer 1 (8) 0 (0) 
   Knee joint pain 1 (8) 0 (0) 
   Sudden cardiac death 0 (0) 1 (7) 
   Surgery for cervical spondylosis 1 (8) 1 (7) 
   Fall/head banging 0 (0) 1 (7) 

Maynard 2019 22 23 Death 0 (0) 1 (4) 

   
Adverse events unrelated to the 
intervention 

1 (5) 0 (0) 

McAdams-

DeMarco 2018 
9 7 Nil 0 (0) 0 (0) 

Wu 2014 34 35 Headache 3 (9) 5 (14) 
   Nausea/vomiting 5 (15) 4 (11) 
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   Hypotension 5 (15) 7 (20) 
   Cramps 3 (9) 4 (11) 
   Chest pain 4 (12) 5 (14) 
   Palpitations 1 (3) 3 (9) 
   Cognitive disturbance 0 (0) 1 (3) 

Martin-Alemañy 

2016 
22 22 Reports of adverse events 0 (0) 0 (0) 

Martin-Alemañy 

2020 
30 15 Reports of adverse events 0 (0) 0 (0) 

Tawney 2000 51 48 Death 3 (6) 1(2) 

Table 4- Adverse events referred to in the text of studies. IG = Intervention Group; CG = Control Group. NR = Not Recorded.  
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Adverse events from flowcharts 

Paper 
Total in 
IG (n) 

Total in 
CG (n) 

Event (quote from flowchart) 
Events in IG  

(n;%) 
Events in CG  

(n;%) 
De Lima 2013 22 11 Hospital admission 1 (5) 0 (0) 

Lopes 2019 54 26 Lost to follow up due to medical reason 4 (7) 2 (8) 

Manfredini 2017 151 145 Death 2 (1) 3 (2) 
   Poor deambulation/poor clinical conditions 16 (11) 4 (3) 

Martin-Alemañy 2016 22 22 Death by bacteraemia 1 (5) 0 (0) 

Martin-Alemañy 2020 30 15 Parapneumonic pleural effusion 0 (0) 1 (7) 
   Death 1 (3) 0 (0) 
   Pericardial effusion 1 (3) 0 (0) 

Uchiyama 2019 24 23 
Discontinued intervention due to illness unrelated to the 

study 
2 (8) 1 (4) 

Van Craenenbroeck 2015 25 23 Illness unrelated to the study NG 1 (4) 
Wu 2014 34 35 Death from unrelated cause 0 (0) 1 (3) 

Table 5 - Additional adverse events reported in the flowcharts of studies. *Note that the flowchart of De Lima et al. 2013 was not clear but was understood by 

the authors to mean that one participant from the aerobic group was hospitalised. IG = Intervention Group. CG = Control Group. NG = Not Given.  
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Assessment of risk of bias within studies 

Paper Domain 1 Domain 2 Domain 3 Domain 4 Domain 5 Overall 

De Lima 2013 Low Low Low High 
Some 

concerns 
High 

Hernández 

Sánchez 2021 
Low Low Low High 

Some 

concerns 
High 

Lopes 2019 Low High High High Low High 

Manfredini 2017 Low Low High High Low High 

Martin-Alemañy 

2016 

Some 

concerns 
Low Low High 

Some 

concerns 
High 

Martin-Alemañy 

2020 

Some 

concerns 
Low Low High Low High 

Matsufuji 2015 Low High Low High Low High 

Maynard 2019 Low Low High High Low High 
McAdams-

DeMarco 2018 

Some 

concerns 
Low Low High Low High 

Poorsaadet 

2018 
High High High High 

Some 

concern 
High 

Stringuetta Belik 

2018 

Some 

concerns 

Some 

concerns 
Low High Low High 

Tawney 2000 
Some 

concerns 
Low High High 

Some 
concerns 

High 

Uchiyama 2019 
Some 

concerns 
Low Low High Low High 

Van 

Craenenbroeck 

2015 

Low Low High High Low High 

Wu 2014 
Some 

concerns 
Low Low High 

Some 

concerns 
High 

Table 6- Assessment of risk of bias within studies. Domain 1 assesses risk of bias due to the 

randomisation process. Domain 2 assesses risk of bias due to deviations from the intended 

interventions. Domain 3 assesses risk arising from missing outcome data. Domain 4 assesses risk 

from the measurement of the outcome. Domain 5 assesses the risk from selective reporting of results. 

‘High’ risk was assigned to those whose methods or reporting have a high potential for introducing 

bias. ‘Low’ risk was assigned to those with transparent reporting and methods which do not have a 

high risk of introducing bias. ‘Some concerns’ was assigned to those where there was insufficient 

evidence to make a judgement either way.  
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Coefficients  
 95% Confidence Interval 

   Estimate  Standard Error  z  p  Lower Upper 

intercept   0.019   0.260   0.073   0.942   -0.491  0.529  

Intensity (2)   0.121   0.300   0.405   0.686   -0.466  0.709  

Intensity (3)   1.286   0.586   2.195   0.028   0.138  2.435  
 
Note.  Wald test.  

Table 7 - Meta-regression by intensity of exercise. Intercept corresponds to the effect of low intensity 

exercise. Intensity (2) = moderate intensity exercise in relation to intercept. Intensity (3) = high 

intensity exercise in relationship to intercept. These values are displayed graphically in figure 6.  

 
Fixed and Random Effects  

   Q  df  p  

Omnibus test of Model Coefficients   5.048   2   0.080   

Test of Residual Heterogeneity   28.199   12   0.005   
 
Note.   p -values are approximate.  

Table 8 - ANOVA table for intensity regression. df = degrees of freedom 

 

Coefficients of length of intervention in weeks 
 95% Confidence Interval  

   Estimate  Standard Error  z  p  Lower  Upper  

intercept   0.152   0.392   0.388   0.698   -0.616   0.919   

Length of intervention (weeks)   0.004   0.024   0.178   0.858   -0.042   0.051   
 
Note.  Wald test.  

Table 9- Meta-regression using length of intervention in weeks to predict effect on cognition.  
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Assessment of the risk of bias for missing or incomplete reporting of outcomes 

Excluded study 
Sample size ORBIT classification for 

primary outcome: measure 
of cognition 

Risk of bias* 
Intervention Control 

Bennett 2016 112 59 I No risk 

Kheirkhah 2016 30 30 F Low risk 
Suhardjono 2019 81 39 F Low risk 

Rahimimoghadam 

2018 
25 25 F Low risk 

Pellizzaro 2013 30 15 A High risk 

Paluchamy 2018 10 10 B No risk 

Table 10- Assessment of the risk of bias for missing or incomplete outcome reporting in benefit 

outcomes, based on the ORBIT classification (Kirkham et al., 2018). A = Trial report states that 

outcome was analysed but only reports that result was not significant (typically stating P>0.05). B = 

Trial report states that outcome was analysed but only reports that result was significant (typically 

stating P<0.05. F = Clear that the outcome was measured. Judgment says outcome unlikely to have 

been analysed. I = Clear that the outcome was not measured. *Risk of bias arising from the lack of 

inclusion of non-significant results when a trial was excluded from a meta-analysis or not fully 

reported in a review because the data were unavailable.  
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Figures 
 

 
Figure 2 - Proposed pathophysiology of chronic kidney disease–related cognitive impairment. Taken 

from Drew et al., 2019.10 CVD = cardiovascular disease, GFR = glomerular filtration rate.  
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Figure 2- Flowchart demonstrating study selection. 
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Figure 3- Assessment of risk of bias within studies. Domain 1 assesses risk of bias due to the 

randomisation process. Domain 2 assesses risk of bias due to deviations from the intended 

interventions. Domain 3 assesses risk arising from missing outcome data. Domain 4 assesses risk 

from the measurement of the outcome. Domain 5 assesses the risk from selective reporting of results. 

‘High’ risk was assigned to studies whose methods or reporting have a high potential for introducing 

bias. ‘Low’ risk was assigned to those with transparent reporting and methods which do not have a 

high risk of introducing bias. ‘Some concerns’ was assigned to those where there was insufficient 

evidence to make a judgement either way.  
 

 
Figure 4 - Forest plot of individual studies and overall effect estimate for effect of exercise on 

cognition, vs control. IV = Inverse Variance.  
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Figure 5- Subgroup analysis by type of outcome measurement.  
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Figure 6- Forest plot of meta-regression to investigate effect of intensity of exercise on cognition. Grey 

diamonds represent the expected effect for that intensity. MLG = moderate load group, HLG = high 

load group, both as named by Lopes et al.88 Coefficient for low intensity exercise = 0.019, for 

moderate intensity exercise in relation to low = 0.121, for high intensity exercise in relation to low = 

1.286.  
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Figure 7 - Forest plot of meta-regression to predict effect on cognition by length of intervention. 

Studies are presented from shortest to longest (top to bottom). Grey diamonds represent the effect 

estimate for each duration. 
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Figure 8- Subgroup analysis by stage and treatment of CKD. 
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Figure 9- Subgroup analysis by type of exercise. Subgroups are named as they were in the original 

papers.  
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Figure 10- funnel plot showing standardised treatment effect (x-axis) plotted against standard error (y-

axis). Dotted lines represent 95% confidence intervals for the expected correlation between treatment 

effect and standard error under a fixed-effects analysis. While these are not applicable given the 

random-effects nature of the meta-analysis, they have been left in the figure to aid visual 

interpretation.  
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Supplementary Information 
 

S1. Full search strategy 

 

This is the full search strategy employed for the Medline database, using the EBSCOhost 

search engine. The same search terms were used for each of the four major databases, with 

alterations made to truncation symbols. 

1.  (MH "Renal Insufficiency, Chronic+") 

2.   TI renal insufficiency, chronic OR AB renal insufficiency, chronic 

3.   TI chronic kidney disease OR AB chronic kidney disease 

4.   TI CKD* OR AB CKD* 

5.   TI chronic renal disease OR AB chronic renal disease 

6.   (MH "Renal Insufficiency+") 

7.   TI renal insufficiency OR AB renal insufficiency 

8.   (MH “Kidney Failure, Chronic+”) 

9.   TI kidney failure, chronic OR AB kidney failure, chronic 

10.   TI ESRF OR AB ESRF 

11.   TI end stage renal disease OR AB end stage renal disease 

12.   TI end stage kidney disease OR AB end stage kidney disease 

13.   TI end stage renal failure OR AB end stage renal failure 

14.   TI chronic renal failure OR AB chronic renal failure 

15.   TI chronic renal impairment OR AB chronic renal impairment 

16.   (MH “Renal Replacement Therapy+”) 

17.   TI renal replacement therap* OR AB renal replacement therap* 

18.   TI RRT OR AB RRT 

19.   TI ESKD OR AB ESKD 

20.   TI h?emodialysis OR AB h?emodialysis 

21.   TI renal transplant OR AB renal transplant 

22.   TI dialysis OR AB dialysis 

23.   TI predialysis OR AB predialysis 

24.   TI ESRD OR AB ESRD 

25.   TI kidney transplant OR AB kidney transplant 

26.   TI peritoneal dialysis OR AB peritoneal dialysis 

27.   TI pre-dialysis OR AB pre-dialysis 

28.   TI h?emodiafiltration OR AB h?emodiafiltration 
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29.   TI nondialysis OR AB nondialysis 

30.   TI non-dialysis OR AB non-dialysis 

31.   1 OR 2 OR 3 OR 4 OR 5 OR 6 OR 7 OR 8 OR 8 OR 9 OR 11 OR 12 OR 13 

OR 14 OR 15 OR 16 OR 17 OR 18 OR 19 OR 20 OR 21 OR 22 OR 23 OR 24 OR 25 

OR 26 OR 27 OR 28 OR 29 OR 30 

32.   (MH “Exercise+”) 

33.   TI exercise OR AB exercise 

34.   TI aerobic exercise OR AB aerobic exercise 

35.   TI exercise training OR AB exercise training 

36.   TI physical activity OR AB physical activity 

37.   TI physical exercise OR AB physical exercise 

38.   (MH “Exercise Therapy+”) 

39.   TI exercise therapy OR AB exercise therapy 

40.   TI non-pharmacological methods OR AB non-pharmacological methods 

41.   TI structured exercise OR AB structured exercise 

42.   TI prescribed exercise OR AB prescribed exercise 

43.   TI muscle training OR AB muscle training 

44.   (MH "Resistance Training") 

45.   TI resistance training OR AB resistance training 

46.   TI resistance exercise OR AB resistance exercise 

47.   TI weight-bearing exercise OR AB weight-bearing exercise 

48.   TI weight lifting OR AB weight lifting 

49.   TI muscle strengthening OR AB muscle strengthening 

50.   TI strength training OR AB strength training 

51.   (MH "High-Intensity Interval Training") 

52.   TI high intensity interval training OR AB high intensity interval training 

53.   TI HIIT OR AB HIIT 

54.   TI high intensity exercise OR AB high intensity exercise 

55.   TI moderate intensity exercise OR AB moderate intensity exercise 

56.   (MH “Sports+”) 

57.   TI sport* OR AB sport* 

58.   TI walking OR AB walking  

59.   TI running OR AB running 

60.   TI cycling OR AB cycling 

61.   TI exercise program* OR AB exercise program* 

62.   TI exercise intervention* OR AB exercise intervention* 
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63.   TI non-pharmacological intervention* OR AB non-pharmacological 

intervention* 

64.   TI weight bearing exercise OR AB weight bearing exercise 

65.   TI weightlifting OR AB weightlifting 

66.   TI home based exercise OR AB home based exercise 

67.   TI home-based exercise OR AB home-based exercise 

68.   TI supervised exercise OR AB supervised exercise 

69.   TI low intensity exercise OR AB low intensity exercise 

70.   TI circuit-based exercise OR AB circuit-based exercise 

71.   TI swimming OR AB swimming 

72.   32 OR 33 OR 34 OR 35 OR 36 OR 37 OR 38 OR 39 OR 40 OR 41 OR 42 

OR 43 OR 44 OR 45 OR 46 OR 47 OR 48 OR 49 OR 50 OR 51 OR 52 OR 53 OR 54 

OR 55 OR 56 OR 57 OR 58 OR 59 OR 60 OR 61 OR 62 OR 63 OR 64 OR 65 OR 66 

OR 67 OR 68 OR 69 OR 70 OR 71 

73.   TI routine treatment OR AB routine treatment 

74.   TI routine management OR AB routine management 

75.   TI normal management OR AB normal management  

76.   TI usual care OR AB usual care 

77.   TI control OR AB control 

78.   TI stretching OR AB stretching 

79.   TI normal care OR AB normal care  

80.   TI routine care OR AB routine care 

81.   TI pharmacological control OR AB pharmacological control 

82.   TI light exercise OR AB light exercise 

83.   TI meditation OR AB meditation 

84.   TI behavio?ral intervention OR AB behavio?ral intervention 

85.   TI cognitive behavio?ral therapy OR AB cognitive behavio?ral therapy 

86.   TI CBT OR AB CBT 

87.   TI diet therapy OR AB diet therapy 

88.   TI diet change OR AB diet change 

89.   TI diet OR AB diet 

90.   TI nutrition therapy OR AB nutrition therapy 

91.   TI counsel?ing OR AB counsel?ing 

92.   TI brain training OR AB brain training 

93.   TI standard care OR AB standard care 

94.   TI low intensity exercise OR AB low intensity exercise 

95.   TI controls OR AB controls 
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96.   TI normal treatment OR AB normal treatment 

97.   73 OR 74 OR 75 OR 76 OR 77 OR 79 OR 80 OR 81 OR 82 OR 83 OR 84 

OR 85 OR 86 OR 87 OR 88 OR 89 OR 90 OR 91 OR 92 OR 93 OR 94 OR 95 OR 96 

98.   TI MMSE OR AB MMSE 

99.   (MH “Cognition+”) 

100. TI cognition OR AB cognition 

101. TI cognitive impairment OR AB cognitive impairment 

102. (MH “Cognitive dysfunction+”) 

103. TI cognitive dysfunction OR AB cognitive dysfunction 

104. TI cognitive function OR AB cognitive function 

105. TI mild cognitive impairment OR AB mild cognitive impairment 

106. TI cognitive decline OR AB cognitive decline 

107. (MH “Memory Disorders+”) 

108. TI memory disorders OR AB memory disorders 

109. TI KDQOL SF OR AB KDQOL SF 

110. TI TMT OR AB TMT 

111. (MH “Quality of Life”) 

112. TI quality of life OR AB quality of life 

113. TI KDQOL CF OR AB KDQOL CF 

114. TI 3MS OR AB 3MS 

115. TI ADAS-cog OR AB ADAS-cog 

116. TI trailmaking test OR AB trailmaking test 

117. TI Alzheimer’s disease assessment scale-cognitive subscale OR AB 

Alzheimer’s disease assessment scale-cognitive subscale 

118. TI MOCA OR AB MOCA 

119. TI mini mental state examination OR AB mini mental state examination 

120. TI Montreal cognitive assessment OR AB Montreal cognitive assessment 

121. TI kidney disease quality of life OR AB kidney disease quality of life 

122. TI modified mini mental state OR AB modified mini mental state 

123. TI KDQOL-SF OR AB KDQOL-SF 

124. TI QOL OR AB QOL 

125. TI cognitive performance OR AB cognitive performance 

126. TI short term memory OR AB short term memory 

127. TI long term memory OR AB long term memory 

128. TI executive function* OR AB executive function* 

129. TI attention OR AB attention 

130. TI cognitive speed OR AB cognitive speed 
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131. TI trail making test OR AB trail making test 

132. TI working memory OR AB working memory 

133. TI short-term memory OR AB short-term memory 

134. TI long-term memory  

135. TI cogstate OR AB cogstate 

136. TI mini mental state exam OR AB mini mental state exam 

137. 98 OR 99 OR 100 OR 101 OR 102 OR 103 OR 104 OR 105 OR 106 OR 017 

OR 108 OR 109 OR 110 OR 111 OR 112 OR 113 OR 114 OR 115 OR 116 OR 117 

OR 118 OR 119 OR 120 OR 121 OR 122 OR 123 OR 124 OR 125 OR 126 OR 127 

OR 128 OR 129 OR 130 OR 131 OR 132 OR 133 OR 134 OR 135 OR 136 

138. 31 AND 72 AND 97 AND 137 

 

The search terms used for the OpenGrey literature search were “Exercise AND chronic 

kidney disease”; “Physical activity AND chronic kidney disease”; “Exercise AND dialysis”; 

“Physical activity AND dialysis”; “Exercise AND renal disease”; and “Physical activity AND 

renal disease”. No limits were used.  

 

S2. Conversion of length of intervention period from months to weeks. 
 

Conversion of months to weeks for purpose of subgroup analysis 
Length reported (months) Length used for analysis (weeks) 

3 13 

4 17 

6 26 

Table S2- Conversion of months to weeks for the purpose of subgroup analysis.  
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