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Introduction

 For adults with End-Stage Kidney Disease (ESKD), Peritoneal Di-
alysis (PD) enables a home-based form of Kidney Replacement Ther-
apy (KRT). This enables flexible treatment that is planned around dai-
ly activities. About 11% of people on dialysis are thought to receive 
PD worldwide [1], albeit with significant international variation in the 
proportion of the KRT population receiving PD [2]. Despite the ben-
efits of PD, people receiving this therapy are faced with challenges 
including PD peritonitis, burnout and carer burden [3]. A substantial 
proportion of people receiving PD are older. In the UK, 45.8% of the 
prevalent PD population are over the age of 65 [4]. There is therefore 
a preponderance of geriatric syndromes in this cohort, including frail-
ty, falls and cognitive impairment. The risk of cognitive impairment 
increases with progressive chronic kidney disease and more so with 
the onset of dialysis [5,6].

 Cognitive impairment is common in the PD population. Shea et 
al undertook a systematic review and meta-analysis  of cognitive im-
pairment in PD patients ( n = 1736) and  reported a pooled preva-
lence of  28.7% (95% CI 15.9-46%) [7]. Dementia, the more severe 
form of cognitive impairment, has a reported cumulative incidence of 
approximately 4% at 3 years, in those receiving PD [8]. Increasing 
age, female gender, educational level, hyponatraemia, time on thera-
py, diabetes and depressive status have been identified as risk factors 
for cognitive impairment in people receiving PD [9-11]. Cognitive 
impairment has been linked to adverse outcomes in people receiving 
PD, including PD catheter related infections. In a prospective cohort 
study of 458 PD patients, immediate memory dysfunction was associ-
ated with 74% increase in risk of PD peritonitis [HR = 1.736 (95%CI 
= 1.064 - 2.834, p < 0.05] [12]. Cognitive impairment has also been 
associated with a higher risk of mortality and hospitalisation [13].

 Cognitive impairment is thought to have a cerebrovascular basis 
in dialysis patients. Functional MRI studies have reported evidence 
of significant ischaemic insult in PD patients, including deep white  
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Abstract
Background

 Cognitive impairment is common in adults receiving peritoneal 
dialysis (PD) and has been linked to adverse outcomes. Residual 
kidney function (RKF) is a key determinant of clinical outcomes in 
dialysis patients but the evidence on whether it affects cognitive out-
comes is unclear. The aim of this review was to evaluate the effect of 
RKF on cognitive function in adults receiving PD.

Methods

 Studies up until April 30th, 2023, were identified from databas-
es including MEDLINE and Embase, using a pre-specified protocol 
(PROSPERO – CRD42023403924). Studies evaluating adults on 
PD were included. Data pertaining to RKF and cognitive function 
were extracted. A meta- analysis of the eligible studies was conduct-
ed.

Results

 15 observational studies (9 cohort; 6 cross-sectional) were in-
cluded, after reviewing 2622 abstracts. RKF was not a significant 

risk factor for cognitive impairment [pooled OR = 0.98(0.90 -1.06), p 
= 0.96]. It did not correlate with cognitive scores [pooled r = - 0.005 (- 
0.07 – 0.06), p = 0.88] and did not differ between those with or with-
out cognitive impairment [standardized mean difference = - 0.01(- 
0.09 – 0.07), p =1.00)]. Two other studies, which were ineligible for 
meta-analysis, reported a significant association between RKF and 
cognitive function. Most of the included studies had a high risk of 
bias.

Conclusion

 RKF may not be associated with cognitive outcomes in adult 
patients receiving PD. However, the findings require cautious inter-
pretation due to the low quality of evidence. Studies that evaluate 
longitudinal trends in RKF alongside cognitive measures, would help 
address the limitations identified.

Keywords : Cognitive function; Dementia; Peritoneal dialysis; Re-
sidual kidney function
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matter changes and microbleeds [14]. Cerebral blood flow is also 
altered in this group of patients, albeit less so than those receiving 
HD [15]. This difference is also reflected in the relative risk of mild 
cognitive impairment and dementia, according to dialysis modality. 
In a registry study of 121,623 ESKD patients, the cumulative risk 
of dementia was lower in those initiated on PD versus those initiat-
ed on HD (HR = 0.74 [0.64, 0.86]) [8]. A recent meta-analysis also 
reported lower odds of cognitive dysfunction in PD patients versus 
HD [16]. Intradialytic haemodynamic changes, which are more pro-
nounced in HD patients, are thought to explain the differential risk of 
cognitive impairment between modalities. Alternatively, it has been 
speculated that the impact of dialysis modality on Residual Kidney 
Function (RKF) could be contributory [17]. There is evidence to sug-
gest that RKF declines more rapidly with HD in comparison to PD 
[18]. RKF is an important determinant of outcomes in PD patients, 
including peritonitis, mortality and quality of life [19,20]. It is unclear 
whether RKF is associated with cognitive dysfunction in this group of 
patients. This systematic review was conducted to assess the relation-
ship between RKF and cognitive outcomes in adults receiving PD.

Materials and Methods
Search strategy and study selection

 This systematic review was conducted in accordance with the 
recommendations of the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) work group. A prespeci-
fied protocol was registered prior to the start of the literature review 
(PROSPERO – CRD42023403924). MEDLINE (PubMed interphase 
from 1948 onwards, EMBASE (Ovid interphase), CINAHL, PsycIN-
FO and the Cochrane databases were searched from inception to the 
30th of April 2023. The search was limited to English language pa-
pers. The search strategy is available in the supplemental information 
(Supplementary Figure 1). The bibliographies for included papers 
were searched manually, to identify additional studies.

 The criterion for inclusion was any study that reported on cogni-
tive impairment and RKF in adult PD patients. The eligible studies 
were randomised studies, prospective and retrospective cohort stud-
ies, case control and cross-sectional studies. Unpublished abstracts 
from conference proceedings and letters to editors meeting the other 
eligibility criteria were also included but case series and case reports 
were excluded. RKF, defined as urinary clearance of urea and creat-
inine, was the primary exposure of interest. It was considered to in-
clude the following measures: Glomerular filtration rate (GFR), renal 
solute clearance measures including Kt/V and creatinine clearance, 
24-hour urine volume.

 Cognitive function was the outcome of interest and was consid-
ered to include the following

• Cognitive function measured cognitive screening tools e.g. Mon-
treal Cognitive assessment tool (MoCA)

• Cognitive function measured by a neuropsychological battery.

• Cognitive function measured by evoked potential.

• Clinical diagnosis of cognitive impairment or dementia

 The title and abstract of studies identified from the search were 
assessed by at least two independent reviewers. If there was not  

agreement between the two reviewers, the studies were included for 
full text review. The full text papers of eligible abstracts deemed to 
have met the inclusion criteria were then evaluated, with all eligible 
papers included for subsequent data extraction. Disagreements after 
full text review were resolved by a third reviewer prior to data ex-
traction.

Data extraction

 This was carried out using a standardized template. The reviewers 
collected data relating to patient characteristics (age, gender, ethnic-
ity, diabetes status, level of education); dialysis characteristics - mo-
dality (Automated PD or Continuous Ambulatory PD), time on PD 
intervention, urine volume; study characteristics - study design, sam-
ple size, duration of follow-up, and cognitive outcomes. Data per-
taining to the association between RKF and cognitive function were 
extracted in the form of risk ratio, odds ratio, correlation coefficients, 
linear regression coefficients as well as summary measures of RKF 
between PD patients with cognitive impairment and those without. 
These were calculated from patient level data if available, when not 
otherwise published. Where outcome or exposure data were not avail-
able, the corresponding author was contacted by email. Studies with 
insufficient data, were excluded from the meta-analysis.  Risk of bias 
assessments were independently carried out by 2 reviewers, using 
the Cochrane Risk of Bias In Non-randomized Studies – of Exposure 
(ROBINS-E) tool [21]. Conflicts were resolved by discussion be-
tween the two reviewers. Where conflicts remained, this was resolved 
by a third reviewer.

Statistical analysis

 A meta- analysis of the effect of RKF on cognitive impairment was 
conducted where there were two or more studies with the relevant in-
formation. The analyses were undertaken in line with predetermined 
groups, as follows.

• Relative risk (RR) of cognitive impairment as a dichotomous out-
come

• Odds ratio (OR) of cognitive impairment as a dichotomous out-
come

• Hazard ratio (HR) of cognitive impairment as a dichotomous out-
come

• Regression or correlation coefficient of RKF on cognitive func-
tion, as a continuous variable

• mean difference in RKF between patients with and without cogni-
tive impairment

 Where a standard error of the mean was reported, this was con-
verted to standard deviation for consistency. Where effect estimates 
were reported as Relative Risk (RR), Odds Ratio (OR) or regression 
coefficients, unadjusted effects were evaluated separately from ad-
justed effects. They were defined as adjusted if the analysis consid-
ered at least one of the following independent variables - age, gender, 
educational level, time on dialysis and sodium imbalance. The a priori 
preference was to report adjusted effects were available.

 A random effects model using the inverse variance restricted 
maximum likelihood approach, was used in the meta-analysis, as 
heterogeneity was anticipated. Where the effect estimates related 
to differences in RKF between patients with cognitive impairment  
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Study ID
Coun-

try

Year 

of 

pub-

lica-

tion

Study 

de-

sign

Follow up 

duration 

(months)

Number 

of PD 

partici-

pants

Age 

(years)a
Sex

Eth-

nicity

Level of 

educational 

attainment

Diabe-

tes

PD mo-

dality PD vintage

Residual 

kidney 

function 

measure

Cog-

nitive 

assess-

ment 

tool 

used

Crite-

ria for 

cognitive 

impair-

ment

Cog-

nitive 

impair-

ment 

(preva-

lence)

Xu 

2015(10)
China 2015

Cross 

sec-

tional 

0 476
51.9 ± 

14.3 

51.4% 

male
Asian

Elementary 

-19.3%,

Middle 

School-30.4%, 

High school 

-29.6%; 

above high 

school -20.7%

23.7%

26.3 

(12.2–49.9)

GFR

3MS 

TMT A 

and B
3MS < 80

28.9% 

Li 

2016(28)
China 2016

Cross 

sec-

tional 

0 445 51.3±14.2
52.4% 

male
Asian

Elementary 

school - 17.5% 

Middle school 

-30.6% 

High school - 

29.0% 

Above high 

school -22.9% 

22.7%
25.1

(11.1–49)
GFR

3MS 

NPB
3MS<75a

3MS<80b

23.6%

Shea 

2016(22)
China 2016

Co-

hort 
12 151 50 ±1 5.0 

45% 

female
Asian

Less than sec-

ondary school 

-25.8%

41.7%

CAPD 

-91.2%; 

Assist-

ed PD 

-19.2%

GFR cMMSE

<19 (no 

formal 

education)

< 21(<2 

years of 

schooling)

<23 (>2 

years of 

schooling)

Imme-

diate 

mem-

ory - 

65.4%; 

Visuo-

spatial 

-47%; 

Exec-

utive 

dys-

function 

-29.9%

Shea 

2016(23)
China 2016

Co-

hort 

study

12 114 59 ± 15.0 
47% 

female
Asian

 

Illiterate- 

0.9% 

Primary 

-18.4% 

Secondary 

-36% 

Tertiary - 

44.7%

59.6%
CAPD 

-91.2%
CrCL MoCA

MoCA 

<23

28.9%

Iyasere 

2017(17)
UK 2017

Co-

hort 

study

12(6 - 18)  25 72.8 ± 1.6 
76% 

Male

White 

-64%, 

Af-

ro-Ca-

ribbean 

-8%, 

Asian 

-24%, 

Other 

-4%

All >12 years 

education
44% 8 (5-32) CrCL MoCA

MoCA 

< 26
64.3%

Zhang 

2018(33)
China 2018

Co-

hort 

study

24 458 51.6
51.9% 

Male
Asian

Elementary - 

20.8% 

Middle -28.3% 

High school 

-28.7% 

Above high 

school -22.2%

23.6%
25.1 - 

mean
GFR

3MS 

TMT- A 

and B, 

RBANS

3MS <80

19.8% 

base-

line 

23.9% 

follow 

up

Yi 

2018(26)
China 2018

Co-

hort 

study

30.7 784 48.8±14.6 
40.8% 

Female
Asian

1-6 years 

-15.7%; 6-12 

years -57%; 

> 12 years - 

27.3%

20% CAPD
30.7 

[8.9~54.3
GFR MoCA

MoCA 

<26
55.5%
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Shea 

2019(24)
China 2019

Co-

hort 

study

24 206 59 ± 13.7 
45.6% 

Female
Asian

illiterate 

-10.2%;

primary 

-21.4%; 

Secondary 

-40.8%; Tertia-

ry 27.7% 

47.6%
CAPD - 

92.7%
GFR

MoCA 

(Hong 

Kong 

version)

Multiple 

cut offs 

based on 

age and 

educa-

tional 

attainment

22.3%

Liao 

2019(12)
China 2019

Co-

hort 

study

30 months 458

CI - 60 ± 

11.5; no 

CI 49.6 ± 

14.1

53.1% 

Male
Asian

 

Elementary 

school -18.1%

Middle school 

-29.5%

High school 

-29.9%

> High school 

-22.5%

 

23.6%
CAPD

CI -23.8 

(10.0–49.1) 

No CI 

-25.3 

(11.1–49.1)

eGFR 

3MS 

TMT 

RBANS

3MS<75a

3MS<80b 19.7%

Li 

2020(41)
China 2020

Co-

hort 
24 months 222

56.1 ± 

12.8

Male 

-46.8%

Asian

Elementary 

school - 7.66% 

Middle 

school - 

26.6% 

High school - 

36.5% 

Above high 

school -29.3%

32.4% 30.9 

Kt/V, 

CrCL, 

renal 

Beta-2 

micro-

globulin

3MS, 

TMT, 

RBANS

Stan-

dardised 

score 

1SD < 

published 

population 

mean

12.3%

Iyasere 

2020(25)
UK 2020

Co-

hort 
83

Median 

- 73 (70 

-79) 

28.9% 22(10 – 36)  CrCL

Clinical 

diagno-

sis

Clinical 

diagnosis
8.4%

Huang 

2021(13)
China 2021

Co-

hort 

Up to 36 

months
913

48.7 ± 

14.6 

Male - 

60.4%
Asian 20.4% CAPD

25.5 (6.0-

52.6) 
GFR MoCA

MoCA 

< 26
72.7%

Sala-

zar-Felix 

2021(29)

Mex-

ico
2021

Cross 

sec-

tional 

71 42.6 ± 16 
Male - 

79%

<7 years – 

24%. 

<13 years 

-62%; 13 and 

above -15%

34% APD 17 (7–32)

CrCL, 

urine 

volume

MoCA; 

MMSE

MMSE 

< 24

MoCA 

< 26

7% - 

MMSE

63% 

-MoCA

Yi 

2021(26)
China 2021

Cross 

sec-

tional 

643

Median 

- 45 (37-

57.4)

42.1 % 

female
Asian

<12 years - 

44.9%
16.3%

Not 

speci-

fied

27.8 

(8.7–56.4)
GFR MoCA

MoCA 

<26
49.9%

Gamage 

2022(27)

Aus-

tralia
2022

Cross 

sec-

tional 

149
60.9 ± 

15.1

Female 

- 

32.9%

48.3%
APD - 

97.2%
16.8 (16.4)

Urine 

volume 

(mls)

ACE-R 

MMSE

Not 

specified
36.9%

Table 1: Characteristics of included studies. a - Mean unless otherwise specified.ACE-R -Addenbrooke’s Cognitive Examination-Revised; CI – cognitive 
impairment; cMMSE – Mini-mental state examination (Chinese version); CrCL -Creatinine clearance; MoCA- Montreal cognitive assessment tool; MMSE 
- Mini-mental state examination; 3MS – modified Mini-mental state examination; NPB- neuropsychological battery; R-BANS - Repeatable Battery for the 
Assessment of Neuropsychological Status; SD – standard deviation; TMT- trail making test.
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versus those without cognitive impairment, these were expressed as 
the standardized mean difference as the outcomes for included studies 
were measured on the different scales (e.g. GFR and residual KT/v). 
Heterogeneity was assessed using the I2 statistic. Sensitivity analysis 
for the meta-analysis methods was performed using fixed effect ap-
proaches. Where the same study had published results for an outcome 
variable in more than one manuscript, the paper with the most com-
plete data was used. A subgroup analysis was conducted of studies 
evaluating cognitive subdomains including executive function and 
memory. All statistical analysis was performed using Revman version 
5.3 and MedCalc version 22.009. The quality of evidence was evalu-
ated using the GRADE framework.

Results
 2622 studies were identified from the electronic search. After 
reviewing the title and abstracts, 181 of these studies were deemed 
eligible for full text review. 15 studies were finally included in the 
systematic review, all of which were non-randomised (9 cohort and 
6 cross-sectional). No additional studies were found after the manual 
search. Figure 1 shows the screening process and reasons for exclu-
sion.

 Table 1 shows the characteristics for the included studies. 4889 
participants were enrolled across the included studies. The median 
follow-up period for the cohort studies was 24 months (range 12 to 36 
months).

Association between RKF and cognitive impairment

 4 studies [17,22-24] reported on the effect of RKF on cognitive 
impairment as unadjusted odd ratios. The forest plot from the me-
ta-analysis is shown in figure 2. There was no statistically significant 
association between RKF and the odds of cognitive impairment after 
pooled analysis [Pooled OR = 0.98(0.90 -1.06), p = 0.96]. In contrast, 
RKF was found to be associated with a lower hazard of clinician re-
ported cognitive impairment after adjusting for age and dialysis vin-
tage, in a retrospective cohort study of 83 adult PD patients [HR = 
0.37(0.15 -0,93), p = 0.03] (Conference proceeding) [25].

Correlation between measures of RKF and cognitive scores      

 4 studies [10,17,26,27] evaluated the correlation between RKF 
and cognitive scores in adult PD patients. 3 of these were included in 
a meta-analysis (Figure 3). There was no significant correlation iden-
tified [Pooled correlation coefficient = 0.0286 (-0.0263 to 0.0833), p 
= 0.31].

 In contrast, Gamage et al found that there was  significant positive 
correlation using polynomial regression modelling, between cogni-
tive (ACE-R) scores and urine output beyond 1500mls per day, in a 
cross-sectional study of 149 PD patients [27-33]. There was also no 
significant correlation between RKF and executive function scores  

Figure 1: Forest plot showing effect of RKF on the odds of cognitive im-
pairment.

Figure 2: Forest plot of correlation between measures of RKF and cogni-
tive scores.

Supplementary Figure 2: Correlation between RKF and executive 

Figure 3: Standardised mean difference in RKF between those with cogni-
tive impairment and those without.

Supplementary Figure 1: Search strategies.
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[Pooled correlation coefficient = - 0.05(- 0.12 – 0.25), p = 0.19] (Sup-
plementary figure 2) or memory scores [Pooled correlation coefficient 
= - 0.005 (- 0.07 – 0.06), p = 0.88] (Supplementary figure 3).

RKF according to cognitive status in adult PD patients  

 11 studies (17,22-24, 26,28-33) reported the mean RKF according 
to cognitive status. A meta-analysis of these studies showed that there  

Study ID
Confound-

ing
Measurement with 

exposure
Participant se-

lection
Post exposure inter-

ventions
Missing data

Measurement of 
outcomes

Selection of report-
ed results

Risk of bias

Li 2016 High Low High Low Very high Low Low Very High

Shea 2016 Low Some concerns Some concerns Low Some concerns Low Low Some concerns

Shea 2016* High Low Some concerns Low Some concerns Low High High

Iyasere 2017 High Low High Low Very High Low Low Very High

Li 2020 Low Low Some concerns Low Some concerns Low Low Some concerns

Shea 2019 Low Some concerns Some concerns Low Some concerns Low Low Some concerns

Zhang 2018 High Low Some concerns High Some concerns Low Low High

Liao 2019 High Low High High High Low Low High

Huang 2021 Low Low Some concerns Low High Low Low High

Yi 2018 Low Low Some concerns Low Some concerns Low Low Some concerns

Gamage 2022 High Low Some concerns High High Low Low High

Iyasere 2020 High Low Some concerns Low Some concerns Low High High

Salazar-Felix 
2021

Some con-
cerns

Low
Some concerns Low High Low Some concerns High

Xu 2015 Low Low Low Low Low Low Low
Low except for re-
sidual confounding 

concerns

Supplementary Table 1: Risk of Bias.

Outcomes Effect estimate
Number of partici-

pants (studies)
Quality of evidence 

(GRADE)

Odds ratioa 0.98 (0.90 -1.06) 496 (4) ⨁⨁◯◯ 

Correlationb 0.029 (-0.26 to 0.083) 1285 (3) ⨁⨁◯◯ 

SMDc - 0.01 (-0.09 to 0.07) 1157 (11) ⨁⨁◯◯  

Supplementary Table 2: GRADE – Certainty of effect estimates of 
RKF on cognitive function. a odds of cognitive impairment for every unit 
rise in RKF; b correlation between cognitive scores and RKF; c mean 
difference in RKF between patients with cognitive impairment and those 
without. SMD – standardised mean difference.

Supplementary Figure 4: Funnel plot for studies reporting on the dif-
ference in residual kidney function according to cognitive status. Egger’s 
test p = 0.90.

Supplementary Figure 3: Correlation between memory scores and RKF.
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was no significant difference in RKF between adult PD patients with 
cognitive impairment and those without cognitive impairment [stan-
dardized mean difference = - 0.01(- 0.09 – 0.07), p =1.00)]. The forest 
plot is shown in figure 4.

Risk of Bias and Quality of included studies

 The risk of bias for most of the studies was rated as either “some 
concern or high risk of bias, predominantly because of confounding 
or selection bias (Supplementary Table 1). Confidence in the effect 
estimates from the meta-analysis was graded as low to moderate 
(Supplementary Table 2). The funnel plots which are shown in the 
(Supplementary figures 4 - 6), were not indicative of publication bias.

Funnel plots

Discussion
 This systematic review evaluated the effect of RKF on cognitive 
impairment in adult PD patients. While 2 observational studies sug-
gested that there was an association between RKF and cognitive func-
tion, the pooled analysis from the 13 other studies was not suggestive 
of a significant association. RKF was also not associated with the sub-
domains of memory and executive function.

 The prevalence of cognitive impairment increases with advancing 
stages of CKD and cognitive function deteriorates with the onset of  

dialysis [5,6]. There is a complex interplay of risk factors that con-
tribute to the development of cognitive impairment in dialysis pa-
tients [11].  These  include  traditional risk factors, kidney specific 
and uraemic factors, which are thought to lead to brain injury through  
various intermediary pathways [34]. Kurella Tamura et al evaluated 
the relationship between uraemic solutes and executive function in a 
cohort of 321  dialysis patients, 10 of which were on PD. A metab-
olomic approach identified 4 metabolites (4-hydroxyphenylacetate, 
Phenylacetylglutamine, Hippurate, and Prolyl-hydroxyproline), asso-
ciated with cognitive impairment. There was a near twofold increase 
in the relative risk of impaired executive function in dialysis patients 
with an increase in 3 or more of these metabolites compared to those 
without. For some of these uraemic solutes, which also undergo tubu-
lar secretion, renal clearance is better than dialytic clearance on HD 
[35]. This has similarly been speculated in comparison to peritoneal 
clearance [36]. There is therefore a plausible mechanism  by which 
RKF could influence cognitive outcomes in patients with PD. Yet 
the existing evidence is not corroborative. In contrast, RKF may be 
linked to cognitive outcomes in HD patients. Elgendy et al evaluated 
quality of life and cognitive function in 78 HD patients and found that 
statistically significant relationship between RKF and MoCA scores 
after adjusting for demographic and clinical covariates [37].

 There is also some uncertainty about the effect of dialysis adequa-
cy (peritoneal and residual solute clearance) on cognitive impairment 
in PD patients. Shin et al evaluated  the relationship between dialysis 
adequacy and cognitive impairment, in  a cross-sectional study of 59 
PD patients [38]. While there was a correlation between executive 
function scores and relative overhydration ( assessed using body com-
position monitoring), there was no association between total Kt/V and 
global cognitive impairment. This has been similarly reported in HD 
patients [39]. The two studies which reported an association between 
RKF and cognitive function(25, 27) suggests that a threshold may ex-
ist beyond which the relationship becomes significant and potentially 
clinically relevant. It is recognized that clinicians are more likely to 
recognize moderate to severe cognitive dysfunction when compared 
to cognitive screening tools, which was the predominant method of 
cognitive assessment in the meta-analysis. Furthermore, Gamage et al 
reported a non-linear relationship between cognitive scores and urine 
output, with significant correlation above the threshold of 1500mls 
per day. Alternatively, one may speculate that the urine output was 
a surrogate for the fluid status of the participants, and thus may cor-
relate more with sodium balance [40,41], another risk factor for cog-
nitive impairment.

 This systematic review has several limitations. There was some 
variation in how cognitive impairment was defined, even when the 
same tools were used (Table 1). All included studies were observa-
tional with the attendant limitation relating to causality and most 
reported unadjusted effects. While heterogeneity was not a major 
concern, most studies had a high risk of bias. While all the includ-
ed studies provided relevant data, some of them were not designed 
with the specific objective of assessing the effect of RKF on cognitive 
outcomes. They may therefore not have been powered to detect a sig-
nificant association. RKF was measured at a single timepoint in all 
included studies. Therefore, this review does not provide evidence on 
how trends in RKF influence cognitive outcomes.

Conclusion
 This meta-analysis suggests that RKF may not be associated with 
cognitive outcomes in adult patients receiving PD. Two other studies  

Supplementary Figure 6:  Funnel plot for studies reporting the correla-
tion between cognitive scores and residual kidney function. Egger’s test : 
p = 0.74.

Supplementary Figure 5: Funnel plot for studies reporting the odds of 
cognitive impairment per unit change in residual kidney function. Egger’s 
test: p = 0.52.
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suggest otherwise, with consequent uncertainty in the summarized 
evidence. Due to the low quality of existing evidence, suitably de-
signed studies that take into consideration longitudinal trends in RKF 
are required to determine the true effect of RKF on cognitive function 
in adult PD patients.
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