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Abstract

Introduction

Prevalence of cognitive impairment increases with worsening severity of chronic kidney dis-
ease (CKD) and majority of end-stage kidney disease (ESKD) patients on dialysis have cog-
nitive impairment. Trends of cognitive function (CF) in this population are less well known
with published studies reporting conflicting results.

Methods

We assessed CF in a cohort of non-dialysis CKD and ESKD patients undergoing dialysis
using modified mini-mental state examination (3MS), trail-making test (TMT-A & B) scores
and Stroop task, and evaluated demographics, comorbidities and depression using Beck
depression inventory at baseline. We repeated tests of CF and depression > 1-year after
baseline in both groups and compared change scores in CF and depression between
ESKD/ CKD sub-groups. Among ESKD patients we compared change scores between
patients with dialysis vintage of <1-year and >1-year. Analysis of covariance was used to
adjust for the effect of age on these change scores.

Results

At baseline (N =211), compared to CKD (N = 108), ESKD (N = 103) patients had signifi-
cantly worse CF based on 3MS and TMT-A & B scores, and depression scores. On follow-
up (N = 160) 3MS scores, especially the memory subscale significantly improved in ESKD,
but worsened in CKD, with no significant changes in TMT A /TMT-B, or depression scores
after adjusting for age. Among ESKD patients, 3MS, especially memory subscale improved
in patients with dialysis vintage <1-year compared to >1-year. The 51 patients who discon-
tinued after baseline assessment had worse baseline CF scores suggesting differential
attrition.
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Conclusion

Though baseline cognitive scores were worse in ESKD patients on dialysis, compared to
CKD, their 3MS, especially memory subscale improved on follow-up. Among ESKD
patients, the improvement was significant only in patients who have been on dialysis for less
than one-year which may indicate a beneficial effect of clearance of uraemic toxins. Differ-
ential attrition of study subjects may have impacted the observed results.

Introduction

Patients with chronic kidney disease (CKD) have a substantially higher risk of developing cog-
nitive impairment, compared to the general population [1]. This risk steadily increases with
worsening renal function [2], and the vast majority of patients with end-stage kidney disease
(ESKD) on haemodialysis demonstrate cognitive impairment [1, 3]. Among patients with
advanced kidney disease, cerebrovascular disease and accumulation of uraemic toxins are the
main contributors [1] to cognitive impairment, which is associated with a higher mortality
and morbidity in this population [4].

The increasing prevalence of cognitive impairment among patients with higher relative to
lower stages of CKD [2], implies that cognitive decline is likely to worsen over time in this pop-
ulation, which is consistent with the generally progressive course of CKD and vascular disease.
However, such progression may be slow and cognitive function was noted to be stable in a
CKD cohort over two years [5]. On the other hand, in ESKD patients undergoing dialysis, the
intermediate and long-term trajectory of cognitive function may be shaped by the potential
benefits of dialytic removal of uraemic toxins versus the potential harm of cerebral ischaemia
during haemodialysis treatment [6] and the gradual progression of cerebrovascular disease.
Studies evaluating the trends of cognitive performance over time in ESKD patients have
yielded conflicting results, with some studies reporting a decline [7-9], while others have not
[10-12]. A more recent study evaluating the longitudinal trends of cognitive function domains
in prevalent HD patients reported a decline in executive function, but an improvement in
memory on follow-up for up to two years [13]. These conflicting results warrants further
research to understand the reasons for these diverse findings.

For the current study, we hypothesised that the baseline cognitive function as well as the
rate of cognitive decline would be worse in ESKD compared to CKD patients. We also
hypothesised that the cognitive decline may be less severe in patients who were relatively new
to dialysis, due to the clearance of accumulated uraemic toxins following initiation of dialysis
therapy and the higher vascular disease burden in longer-term dialysis patients. The aim of
this study, therefore, was to investigate the cognitive function trends in a cohort of CKD and
ESKD patients over time and to specifically examine the relationship between the dialysis vin-
tage (time since initiation of dialysis) and changes in cognitive function in the ESKD cohort.

Materials and methods
Study design and population

Patients attending renal outpatient clinics for the treatment of CKD and those with ESKD who
were undergoing in-centre or home-based dialysis, in an Australian local health district, were
invited to participate in the study. Patients were eligible if they were eighteen years or older,
had kidney disease and were able to provide informed consent. ESKD patients had to have
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been on dialysis for at least three months prior to enrolment, to ensure that they were stable
from a clinical and biochemical perspective. We did not undertake a formal sample size esti-
mation based on statistical power and anticipated change in test results, because ‘minimal clin-
ically significant difference’ and ‘variance’ of the outcome, which are essential for such
calculations [14] were not available due the diverse nature of study designs and results from
published studies. Based on local experience with enrolling dialysis patients for clinical studies,
we aimed to recruit approximately 50% of the 230 prevalent dialysis patients in the health dis-
trict. We aimed to recruit approximately equal numbers of patients undergoing dialysis for
ESKD and non-dialysis CKD as controls. Patients were excluded if: they had undergone kid-
ney transplantation or were being actively worked up for a living donor transplant; had been
diagnosed with dementia or intellectual impairment; had an anticipated life expectancy of less
than 12 months as perceived by their primary physician based on their comorbidities, or were
on a renal palliative care pathway. To ensure there were no known exclusion criteria or con-
cerns for the patient’s participation in the study, their primary physician was consulted before
approaching the patients to request participation and consent. Capacity to consent was infor-
mally determined by the researcher and formal questionnaires assessing capacity were not
used. Because the test instruments were administered in English, patients who did not speak
and read English were also excluded from the study. The study received ethics approval from
the authorised ‘University of Wollongong and Illawarra Shoalhaven local health district health
and medical human research ethics committee’ (HE14/398-HREC/14/WGONG/90). The con-
sent process as well as the consent forms and test instruments were approved by the ethics
committee. When an exclusion criterion was recognized after the informed consent was
signed, the patients were excluded from the study.

Data collection

Demographic and clinical data. After receiving informed written consent from the study
participants, the research assistants used a combination of patient interviews and reviews of
the medical records to collect demographic data (age, gender, race, educational level and
income), smoking status and clinical data, including the cause of renal disease, comorbidities
(diabetes, hypertension, hyperlipidaemia, ischaemic heart disease, cerebrovascular disease,
peripheral vascular disease and lung disease), duration of dialysis in ESKD patients and serum
creatinine and estimated glomerular filtration rate (eGFR) at enrolment in the non-dialysis
CKD patients.

Measures of cognitive function and depression. Cognitive function was assessed using a
combination of tests. The modified mini-mental state examination (3MS test) [15] was used to
measure the global cognitive scores, and the sub-scales of 3MS test were used to assess the
domains of verbal memory and fluency, language and executive function, orientation and
visuo-construction and praxis, as outlined by the factor analysis by Rapp et al. [16]. The Trail-
making test part A (TMT-A) and part B (TMT-B) were administered to assess the psychomo-
tor speed and executive function [17] and the Stroop colour word interference test was used to
evaluate cognitive flexibility and control [18]. Patients were considered to be cognitively
impaired if they scored <85 in the 3MS test; their TMT scores were 1.5 or more standard devi-
ations above the predicted mean scores adjusted for the patient’s age and educational level; or
the Stroop interference score was 1.5 or more standard deviations below the predicted mean
scores adjusted for age [3, 19]. Montreal cognitive assessment scale (MoCA) offers a simple
and practical tool to detect mild cognitive impairment and dementia by evaluating the
domains of Visuo-spatial / executive function, Naming, Memory, Attention, Language,
Abstraction, and Orientation [20]. Compared to the Mini-mental state examination (MMSE)
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instrument, MoCA tool has a high sensitivity (83-90% versus 17-25% with MMSE) but a
lower specificity (50-87% versus 100% with MMSE) for the diagnosis of mild cognitive
impairment and dementia [20, 21]. The combination of tools we have used assesses all the
domains captured by MoCA tool in greater detail. Due to the significant association of depres-
sion with cognitive decline in CKD and ESKD patients reported in the literature [22, 23] all of
the participants completed the Beck depression inventory (BDI-2). A cut-off score of >14 was
used to categorise participants as ‘depressed’ [24], and the raw score was used as a covariate in
other analyses. We also measured health related quality of life using RAND-36 item short form
(SF-36) health survey [25].

Baseline data were collected between January 2015 and June 2016. For ESKD patients
receiving haemodialysis, test instruments were administered either before or in the first hour
of dialysis to avoid any possible cognitive fluctuations related to dialysis treatment. It has been
demonstrated that cognitive performance does not significantly differ between tests done one
hour before versus during the first hour of haemodialysis [26]. For non-dialysis CKD patients
and home-dialysis patients, who attended the outpatient nephrology clinics, the tests were
administered in a single session to minimise the need for multiple visits. The test instruments
were administered only if patients were clinically well and not suffering from any acute inter-
current illness.

Follow-up data, comprising of the same measures of cognitive function and depression
used at baseline, were collected between one and two years after the baseline data collection.
Patients were considered as ‘discontinued’ if their follow-up was interrupted due to death,
transplantation, relocation or withdrawal of consent.

Statistical methods

We used means and standard deviations to describe continuous variables and proportions for
discrete variables. We compared baseline demographic and clinical characteristics, as well as
the test scores for cognitive function and depression between ESKD and non-dialysis CKD
patients using Wilcoxon rank-sum test for continuous variables and Chi-square test for cate-
gorical variables. The changes in scores of cognitive function and depression, between baseline
and follow-up in the overall study cohort, were compared using the paired signed-ranks test
when the change score had a skewed distribution and paired t-test when the score was not sig-
nificantly skewed. To compare between CKD and ESKD patients, we used Student’s t-test to
compare the change scores of markers of cognitive function and depression when the scores
were normally distributed and Wilcoxon rank-sum (Mann-Whitney) test when the change
scores showed skewed distribution. Due to the significant impact of age on cognitive function,
we evaluated the relationship between change scores and the ESKD/CKD status using the anal-
ysis of covariance (ANCOV A) model with the participant’s age at enrolment in the study as
the covariate and the change score as the dependent variable.

Discontinuation due to death, transplantation, or drop out is an important issue in longitu-
dinal studies of dialysis patients [13] with the risk of biased assessment if the attrition is selec-
tive and unbalanced. To understand the patterns of attrition relevant to the study, we
compared the baseline scores of cognitive function and depression in participants who discon-
tinued the study with those who completed the follow-up.

To evaluate the effect of dialysis vintage on the cognitive function markers in the ESKD
subgroup, we compared the changes in scores between baseline and follow-up, in patients who
have been on dialysis for less than 12 months with those who have been on dialysis for a longer
duration. We also examined the relationship between change scores (dependent variable) and
dialysis vintage categories (<1-year vs >1-year) (independent variable) using ANCOVA

PLOS ONE | https://doi.org/10.1371/journal.pone.0252237 May 25, 2021 4/18


https://doi.org/10.1371/journal.pone.0252237

PLOS ONE

Cognitive function trends and dialysis vintage in ESKD patients

models with participant age at enrolment in the study as the covariate. Missing data was han-
dled by list-wise deletion. Statistical significance was set at a two-tailed p-value of <0.05 for all
comparisons. The statistical analyses were undertaken using Stata 16.0.

Results
Study population

Of the 321 eligible patients (173 CKD and 148 ESKD) invited to participate in the study, 66
(20.6%) declined. Five patients were excluded because they did not fulfil the inclusion criteria,
and 28 patients discontinued due to withdrawal of consent, kidney transplantation, or death
before baseline data collection. Cognitive function tests were incomplete in eleven patients,
leading to a baseline cohort of 211 patients (108 non-dialysis CKD and 103 ESKD, out of
which six patients were on home peritoneal dialysis, four on home haemodialysis, and the
remaining on in-centre haemodialysis). For non-dialysis CKD patients, the mean creatinine
level was 155 + 99.4umol/L and mean eGFR 45 + 21.2mL/min. at study enrolment. Among
CKD patients, 7.5% had stage 1 CKD, 13.1% had stage 2 CKD, 50.5% had stage 3 CKD, 26.1%
had stage 4 CKD, and 2.8% had stage 5 CKD.

After the baseline data collection was completed, 43 patients (15 CKD, 28 ESKD) discontin-
ued their participation (21 withdrawal of consent, 13 deaths, five transplants and four reloca-
tions) and eight patients had incomplete cognitive function tests for the follow-up data
collection. This resulted in a follow-up cohort of 160 patients (90 CKD, 70 ESKD). For the
ESKD patients who completed follow-up assessments, 21 of the 70 patients (30%) had a dialysis
vintage less than one-year (3-12 months), and 49 (70%) patients had been on dialysis for longer
than one year at baseline. Follow-up data collection was completed between one and two years
after the baseline in all patients and the time intervals in ESKD patients (median 14.9months,
IQR 12.7-16.7months, Range 369-677 days) and CKD patients (median 14.5months, IQR
13.6-15.6months, Range 367-689 days) were not significantly different (p = 0.534). The flow
chart of patient recruitment and progress through the study is given in Fig 1.

Baseline demographic and clinical characteristics

The baseline characteristics of the study population and the two sub-groups (ESKD and CKD)
are given in Table 1.

The mean age of the study population was 67 years, with the ESKD patients (66 years) tend-
ing to slightly younger than the CKD patients (68 years). The majority of the ESKD and CKD
(61%) patients were male, and the educational levels were comparable between these sub-
groups. Annual income was significantly lower in the ESKD compared to CKD patients
(p = 0.003). Ischaemic heart disease (p = <0.001) and peripheral vascular disease (p = <0.001)
were significantly more prevalent in ESKD patients who also tended to have a higher fre-
quency of diabetic nephropathy (p = 0.067) as the cause of underlying kidney disease. Smoking
status and prevalence of comorbidities like diabetes, hypertension, cerebrovascular disease and
lung disease were comparable between the CKD and ESKD patient subgroups.

Baseline measures of cognitive function, depression and health-related
quality of life

The baseline scores of cognitive function and depression are provided in Table 2. The scores of
the 3MS test, TMT-A and TMT-B, and the difference between TMT-A and B were signifi-
cantly worse in ESKD compared to CKD patients at baseline, while the Stroop interference
scores were not significantly different. Analysis of covariance adjusted for age as a continuous
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Target population
N=321, ESKD 148, CKD 173

Declined to participate
N=66, ESKD 19, CKD 47

Consented to participate

N=255, ESKD 129, CKD 126
Ineligible* N= 5(ESKD4, CKD 1)
Consent withdrawal** N =25 (ESKD 15, CKD 10)
Death** N=2 (ESKD 1, CKDI)
Kidney transplant** N=1(ESKD 1)
Incomplete baseline data N =11 (ESKD 5, CKD 6)

v

Study cohort (Baseline)
N=211, ESKD 103, CKD 108

Consent withdrawal** N =21 (ESKD 10, CKD 11)

Relocated** N= 4(ESKD?2, CKD?2)
Death** N=13 (ESKD 11, CKD 2)
Kidney transplant** N= 5(ESKD5)

Incomplete follow-up data N= 8 (ESKD 5, CKD 3)

4

Study cohort (follow-up)
N=160, ESKD 70, CKD 90

* Ineligible patients (N=5) had dementia (2), intellectual impairment (1) or anticipated life expectancy <12months due to terminal cancer (1) or severe heart failure (1).
** Drop-outs included patients who, after entry into the study, withdrew consent (N=25+21), died (N=2+13), or had kidney transplantation (N=1+5) before full baseline
(+follow-up) data collection or relocated (N=4) after baseline data collection.

Fig 1. Flow chart of patient participation in the study.
https://doi.org/10.1371/journal.pone.0252237.9001

covariate, evaluating the relationship between eGFR at study enrollment and the scores of
3MS test (F (1, 104) = 0.95, p = 0.333), TMT-A (F (1, 104) = 0.11, p = 0.736), and TMT-B (F (I,
103) = 1.23, p = 0.269), showed no statistically significant association. The scores for the 3MS
sub-scale [16], pertaining to the verbal memory and fluency, as well as the orientation and
visuo-construction were significantly lower in ESKD patients. The proportion of patients with
impaired cognitive function, based on the test scores outside the above-described thresholds of
3MS, TMT-A, TMT-B, and Stroop interference scores, was larger in ESKD patients. Depres-
sion was significantly higher in ESKD patients compared to CKD patients.

Measures of health-related quality of life for the overall sample and the sub-groups are pro-
vided in S1 Table. Quality of life domains related to ‘physical functioning’, ‘role limitation due
to physical health’, role limitation due to emotional problems’, ‘energy/fatigue’, “social function-
ing’ and ‘general health’ were significantly worse in ESKD patients compared to CKD patients.

Baseline measures in patients who discontinued follow-up

Table 3 provides a comparison of the baseline scores for the 51 (24.2%) patients (18 CKD, 33
ESKD) who discontinued their participation in the study, with the 160 patients (90 CKD, 70
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Table 1. Baseline demographic and clinical characteristics of the study population comparing non-dialysis CKD and ESKD patients.

Overall population CKD patients ESKD patients p value
Mean + SD / % Mean + SD / % Mean + SD / %
No of patients 211 108 103
Age (years) 66.9 +11.2 68.1 +10.5 65.7 £11.9 0.058
Gender (M/F) 61.1/38.9% 61.1/ 38.9% 61.2/38.8% 0.994
Indigenous population (%) 5.3% 2.8% 8.0% 0.093
Education
<12 years 53.3% 54.6% 52.0% 0.913
12-13 years 8.1% 8.3% 7.8%
13-15 years 12.4% 13.0% 11.8%
> =16 years 26.2% 24.1% 28.4%
Gross annual income
<$25,000 58.8% 46.3% 71.8% 0.003
$25-50,000 29.4% 40.7% 17.5%
$50-75,000 6.2% 6.5% 5.8%
>$75,000 5.7% 6.5% 4.9%
Smoking status
Current smoker 9.5% 6.5% 12.6% 0.150
Former smoker 56.4% 62.0% 50.5%
Non-smoker 34.1% 31.5% 36.9%
Cause of renal disease
Diabetic nephropathy 33.9% 30.4% 37.6% 0.067
Hypertension / Vascular disease 20.8% 25.0% 16.5%
Polycystic kidney disease 4.5% 2.7% 6.4%
Glomerulonephritis 15.4% 11.6% 19.3%
Others / Unknown aetiology 25.3% 30.3% 20.2%
Comorbidity burden
Diabetes 43.1% 40.6% 45.6% 0.460
Hypertension 90.4% 88.7% 92.2% 0.395
Ischaemic heart disease 37.5% 23.6% 52.0% <0.001
Cerebrovascular disease 15.9% 12.3% 19.6% 0.147
Peripheral vascular disease 21.6% 9.4% 34.3% <0.001
Lung disease 27.9% 25.5% 30.4% 0.429

p values in bold print represent values with <0.05 significance level

https://doi.org/10.1371/journal.pone.0252237.t001

ESKD), who completed baseline and follow-up data collection. We noted that 3MS and TMT
scores were significantly worse in the discontinued patients, compared to those who com-
pleted follow-up. Among subgroups, baseline cognitive measures were significantly worse in
ESKD patients who discontinued study participation, while among the CKD subgroup, the
scores of discontinued patients were worse than patients who completed follow-up, but the dif-
ference was not statistically significant. The Stroop interference and depression scores were
not significantly different in patients who discontinued the study in the overall population or
ESKD/ CKD subgroups.

Changes in cognitive function and depression scores over time

The changes in scores for the 160 patients who completed both baseline and follow-up assess-
ments are given in Table 4. There was a mild but significant improvement in 3MS scores in the
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Table 2. Baseline markers of cognitive function and depression among the study participants comparing non-dialysis CKD and ESKD patients.

Test instrument used to measure cognitive function / depression Overall population CKD patients ESKD patients p value”
(N =211) (N = 108) (N =103)
Mean = SD / % Mean + SD / % Mean + SD / %

Modified mini-mental state examination (3MS) score 92.1£6.7 93.7+54 904 +7.5 <0.001
Cognitive impairment (patients with 3MS score <85%) 14.2% 7.4% 21.4% 0.004

3MS—Verbal memory & Fluency domain 254+34 263+2.5 24.6 £ 4.1 0.004

3MS—Orientation and visuo-construction domain 192+18 19.5£0.9 18823 0.030

3MS—Language-Praxis domain 10.7 £ 0.8 10.7 £ 0.8 10.6 + 0.9 0.154
3MS—Language and Executive function domain 162+23 164£22 16.0 £2.3 0.288
Trail making test part A (TMT-A) (sec) 47.8 £32.8 37.8+14.3 58.6 £ 42.5 <0.001
Cognitive impairment based on age adjusted TMT-A scores 15.4% 4.6% 27.0% <0.001
Trail making test part B (TMT-B) (sec) 122.3 +83.1 99.0 £ 58.0 147.3+97.8 <0.001
Cognitive impairment based on age adjusted TMT-B scores 18.3% 7.5% 30.0% <0.001
Difference between TMT-A & TMT-B (sec) 74.5 £ 60.2 61.2 £49.5 88.6 £ 67.2 <0.001
Stroop interference score -22+7.6 -14+75 -3.0+7.6 0.076
Cognitive impairment based on age adjusted Stroop scores 13.7% 6.5% 21.2% 0.002
Cognitive impairment based on any of the above 3 domains 28.9% 14.0% 43.7% <0.001
Beck depression inventory II score 10.0 £ 8.0 79+£6.5 122£87 <0.001
Depression (based on BDI II score of 14 or above) 26.4% 13.9% 39.8% <0.001

* p value for difference between CKD and ESKD subgroups estimated by Wilcoxon rank-sum test for continuous variables Chi-square test for difference in proportions.

p values in bold print represent values with <0.05 significance level

https://doi.org/10.1371/journal.pone.0252237.1002

overall study cohort, which was mainly due to the improvement in 3MS scores observed in the
ESKD patients and there was a marginal worsening among CKD patients. Further analysis of
the 3MS sub-scales [16], showed that there was a significant improvement for only the verbal
memory and fluency domain, while the domains of orientation and visuo-construction, praxis
and language-executive function showed no significant differences on follow-up, either in the
overall cohort or ESKD/ CKD subgroups. The TMT-A, TMT-B, their difference and the

Table 3. Baseline markers of cognitive function and depression among patients who discontinued the study before follow-up assessment compared to patients who
completed follow-up assessment, in the overall sample, CKD and ESKD subgroups.

Overall sample (Total N = 212) CKD patients. (Total N = 108) ESKD patients Total N = 104)
Discontinued Followed up Discontinued Followed up Discontinued Followed up
patients patients patients patients patients patients
(N =51) (N =160) p value (N=18) (N =90) P (N=33) (N =70)
value
Modified mini-mental state 88.7+ 8.4 93.2+£5.6 0.001 91.1+£7.5 943 +4.7 0.119 87.5+8.8 91.8 +6.4 0.018
examination (3MS) score
Trail making test A (sec) 64.6 £ 55.3 424 +18.1 0.005 41.9+19.2 37.0+13.0 | 0.470 77.0+ 64.2 49.6 £21.3 | 0.047
Trail making test B (sec) 167.9 + 118.3 1074+ 61.3 | <0.001 128.7 + 80.6 93.0+50.7 | 0.111 189.3 +130.7 126.6 + 68.9 | 0.013
Difference between TMT-A 103.3 +73.1 65.0 £52.2 <0.001 86.8 £ 64.5 56.0 +44.6 0.064 112.4 £ 76.9 77.0 +£59.1 0.010
& TMT-B (sec)
Stroop interference score -3.2+6.8 -1.9+78 0.337 -1.5+£7.7 -14+75 0.914 -4.3+6.2 -2.5+8.2 0.353
Beck depression inventory II 103+ 8.4 99+78 0.819 6.7+7.1 8.1+6.4 0.197 12.2+8.5 122 +8.9 0.793
score

* p value for difference estimated by Wilcoxon rank-sum test for continuous variables

p values in bold print represent values with <0.05 significance level

https://doi.org/10.1371/journal.pone.0252237.t003

PLOS ONE | https://doi.org/10.1371/journal.pone.0252237 May 25, 2021 8/18


https://doi.org/10.1371/journal.pone.0252237.t002
https://doi.org/10.1371/journal.pone.0252237.t003
https://doi.org/10.1371/journal.pone.0252237

PLOS ONE Cognitive function trends and dialysis vintage in ESKD patients

Table 4. Changes in scores of cognitive function and depression between baseline and follow-up for the overall sample and comparison of change scores between
non-dialysis CKD and ESKD subgroups.

Overall sample (N = 160) CKD (N =90) ESKD (N =70)
Change score p value* Change score Change score p value**
Modified mini-mental state examination (3MS) score 0.73 +4.6 0.045 -0.18 +3.8 1.9+52 0.004
3MS—Verbal memory & Fluency domain 0.44+3.2 0.193 -0.02 +2.4 1.04+4.0 0.037
3MS—Orientation and visuo-construction domain 0.04+1.7 0.548 -0.12+ 1.4 0.26 +2.0 0.438
3MS—Language-Praxis domain 0.08 + 0.7 0.440 0.0+ 0.6 0.19+0.8 0.120
3MS—Language and Executive function domain -0.08£1.9 0.592 0.04+1.8 -024+21 0.348
Trail making test A (sec) -1.37+£16.7 0.309 -0.47+9.9 -2.63+23.1 0.432
Trail making test B (sec) -2.9+48.7 0.362 0.18 + 43.1 -7.3+559 0.309
Difference between TMT-A & TMT-B (sec) 0.39 + 46.0 0.899 0.84 + 42.1 -22+514 0.684
Stroop interference score -0.41+7.0 0.779 -0.60 £7.0 -0.14+7.1 0.343
Beck depression inventory II score -0.16£5.3 0.434 -0.30 £ 4.6 0.02 £ 6.2 0.577

* p value for change in scores between baseline and follow up for the overall sample estimated by paired sign-rank test for continuous variables with skewed distribution
and paired t-test for variables with Normal distribution

** p value for comparison between CKD and ESKD subgroups estimated by Wilcoxon rank-sum test for continuous variables with skewed distribution and two-sample
t-test for continuous variables with Normal distribution.

p values in bold print represent values with <0.05 significance level

https://doi.org/10.1371/journal.pone.0252237.1004

Stroop interference score showed no significant difference in the overall study population or
in either subgroup. There were also no differences in depression scores over time in the overall
cohort and between the subgroups.

Dialysis vintage and changes in cognitive function and depression among
ESKD patients

Table 5 provides the results of a comparison of changes in cognitive and depression scores
among ESKD patients with a dialysis vintage of <12 months and >12 months at baseline

Table 5. Changes in scores of cognitive and psychological measures at follow up compared to baseline for the dialysis cohort and comparison of change scores
between patients who commenced dialysis within one year compared to patients who have been on dialysis longer than one year.

Dialysis cohort (N = 70) | On dialysis for < 1 year (N = 21) | On dialysis for > 1 year (N = 49)

Change score | p value* Change score Change score p value**
Modified mini-mental state examination (3MS) score 1.9+5.2 0.003 49 +49 0.61 £4.9 0.005
3MS—Verbal memory & Fluency domain 1.04 £ 4.0 0.031 2.8+45 0.28 £3.5 0.014
3MS—Orientation and visuo-construction domain 0.26+2.0 0.360 0.86 +2.6 0.00 1.7 0.415
3MS—Language-Praxis domain 0.19+0.8 0.120 0.33+1.3 0.12 £ 0.6 0.988
3MS—Language and Executive function domain -024+21 0.326 0.29+2.0 -047 2.1 0.160
Trail making test A (sec) -2.6+23.1 0.366 -3.0+225 -2.4+236 0.838
Trail making test B (sec) -7.3+559 0.309 -10.4 +47.7 -6.0+£59.7 0.775
Difference between TMT-A & TMT-B (sec) -22+51.4 0.743 -6.3+40.1 -0.30 £ 56.1 0.677
Stroop interference score -0.14+7.1 0.406 -0.57 +10.2 0.07 +5.2 0.754
Beck depression inventory II score 0.02+6.2 0.984 -1.10 £ 4.7 0.55+ 6.8 0.333

* p value for change in scores between baseline and follow up for the overall dialysis cohort estimated by paired sign-rank test for continuous variables with skewed
distribution and paired t-test for variables with Normal distribution

** p value for comparison between dialysis vintage <lyear and >1year subgroups estimated by Wilcoxon rank-sum test for continuous variables with skewed
distribution and two-sample t-test for continuous variables with Normal distribution.

p values in bold print represent values with <0.05 significance level

https://doi.org/10.1371/journal.pone.0252237.t1005
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assessment. The improvement in 3MS scores was significantly greater in ESKD patients who
had been on dialysis for less than 12 months, compared to those with a longer dialysis vintage.
With respect to the 3MS sub-scales, there was significant improvement in the verbal memory
and fluency subscale for the overall ESKD dialysis cohort and a comparison of categories,
based on dialysis vintage, showed that the improvement was significantly higher in patients
who had been on dialysis for less than 12 months. There were no significant changes in any of
the other 3MS sub-scales, other cognitive function scores (TMT-A, TMT-B, Stroop interfer-
ence) or depression scores.

Analyses of covariance adjusting for age

To evaluate whether the participant age might have impacted upon the observed changes in
cognitive markers, we examined ANCOVA models with the change in cognitive function
scores as the dependent variable, ESKD/ CKD status as the independent variable, and age as a
continuous covariate. Our evaluation found that the change in 3MS aggregate scores was sig-
nificantly different between CKD and ESKD patients (F (1, 157) = 6.65, p = 0.011), which was
mainly due to the change in the 3MS memory sub-scale scores which approached significance
(F (1, 157) = 3.24, p = 0.074). The remaining 3MS sub-scales and markers of other cognitive
function tests and depression were not significantly different between CKD and ESKD
patients. Graphs showing the distribution of change scores, with the fitted regression lines
from the ANCOVA and the corresponding p values, are shown in Figs 2 and 3.

A similar analysis evaluating the change scores between categories of dialysis vintage
(<1-year versus >1-year) showed that change in 3MS aggregate scores was significantly differ-
ent between the categories (F (1, 67) = 7.95, p = 0.006), which was mainly due to the change in
the 3MS memory sub-scale scores which approached significance (F (1, 67) = 3.82, p = 0.055).
The remaining 3MS sub-scales and measures of other cognitive function tests and depression
were not significantly different between dialysis vintage categories. Graphs showing the distri-
bution of change scores with the fitted regression lines from the ANCOVA and the corre-
sponding p values are shown in Figs 4 and 5.

Discussion

Our results showed that cognitive function scores were significantly worse in ESKD compared
to non-dialysis CKD patients at baseline, which is consistent with published literature [1-3].
However, upon follow-up, the ESKD patients receiving dialysis, and in particular those who
had been receiving dialysis for less than 12 months had mild but significant improvement in
their overall 3MS scores, which appeared to be related to an improvement in the verbal mem-
ory and fluency sub-scale scores. Measures of executive function and cognitive flexibility, as
well as depression, were also significantly worse in ESKD compared to CKD patients at base-
line. However, there were no significant differences on follow-up compared to baseline. We
also noted selective attrition of participants, with a higher proportion of patients with worse
baseline cognitive function discontinuing their study participation, especially among ESKD
patients. To interpret our findings, we will discuss the conflicting results from the published
studies regarding the cognitive trends in this population and how the characteristics of our
study population might explain our findings.

Direct comparisons of studies evaluating the cognitive function trends in ESKD and CKD
patients are difficult to interpret due to the diverse nature of test instruments used to measure
cognitive function, the variable duration of follow-up, the inconsistent reporting of patient
dropouts and variations in study design. A study using the Mini-Mental State Examination
(MMSE) score to assess cognitive function with one year of follow-up [7] and another using
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Fig 2. Change scores of cognitive function and depression in CKD and ESKD patients with fitted regression lines from ANCOVA models using age as a
continuous covariate.

https://doi.org/10.1371/journal.pone.0252237.9002

the Montreal Cognitive Assessment (MOCA) tool with two years of follow-up [9] reported a
worsening trend of cognitive function in ESKD patients undergoing haemodialysis. On the
other hand, another study, which used a panel of cognitive measures (3MS, TMT-A and
TMT-B scores) to evaluate cognitive trends in haemodialysis patients with a focus on patient
frailty did not observe any deterioration in cognitive performance on follow-up in the overall
cohort, though frail patients showed a greater cognitive decline compared to non-frail patients

[10]. We used a similar panel of cognitive test instruments, and observed no deterioration in
cognitive function on follow-up, contrary to our hypothesis about the cognitive deterioration
in ESKD population. A randomised trial comparing two phosphate binders over a two-year
period reported a declining trend of cognitive function using cognitive drug research (CDR)
tools in both intervention and control arms [8]. However, the measures of cognitive function
in this study were biased towards speed of processing, which the above studies have not
assessed. The differences in the characteristics, sensitivity and specificity of cognitive function
instruments may partly account for the variations in the cognitive trends reported in the litera-
ture and observed in our study. In addition, our results may have been influenced by the
characteristics of our study cohort, who had higher baseline cognitive scores and a lower
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Fig 3. Change scores of memory, orientation, praxis and executive function domains of cognitive function in CKD and ESKD patients with fitted

regression lines from ANCOVA models using age as a continuous covariate.

https://doi.org/10.1371/journal.pone.0252237.9003

prevalence of cognitive impairment compared to many published studies in this population [2,

7-10, 13].

Our findings of an improvement in the aggregate 3MS scores and the verbal memory and
fluency sub-scale in dialysis patients were unexpected and contrary to our hypotheses that the
rate of cognitive decline would be worse in ESKD compared to CKD patients. However, our
findings are partly consistent with the published literature. For instance, a study which com-
pared cognitive changes over time between patients receiving nocturnal dialysis and kidney
transplant, reported a modest but significant improvement in auditory verbal learning, but no
improvements in any of the other cognitive function tests among the dialysis cohort [12]. Simi-
larly, another study, evaluating 314 dialysis patients, found a decline in their executive function
and yet a modest improvement in memory over two years of follow-up [13]. In the latter
study, the authors suggested that the learning effect due to the repeated administration of the
same cognitive tests and confounding due to survival bias, resulting from the drop-out of
patients at higher risk of memory decline, may explain the unexpected improvement in mem-
ory. To account for the selective attrition, the authors undertook competing risk analysis for
death, transplantation and other censoring events using joint models, but there was little over-
all difference between the results of the linear mixed models and joint models [13].
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Dialysis patients with cognitive impairment have increased mortality [4] resulting in higher
drop-out due to death. However, non-mortality drop-outs are also known to be higher in cog-
nitively impaired individuals [27], and any hypothesis in longitudinal studies can be affected
by selective attrition and survival bias [28]. In our study, baseline cognitive measures were
worse in patients who dropped-out, compared to patients completing follow-up, especially
among ESKD patients. The patients who dropped-out may have had a greater risk of
experiencing cognitive decline if they had remained in the study. It should be noted however,
that attrition of up to one-third of the participants is not uncommon in longitudinal studies
which have evaluated cognitive function in patients with kidney disease [8, 10, 13]. Differences
in attrition may partly explain the disparity between our findings and the published literature,
and it is important to note that some studies, reporting declining cognitive trends, have not
reported the patient drop-out rates or characteristics [7, 9].

Improvement in 3MS scores in the ESKD sub-group in our study was mostly driven by

improvement in the verbal memory and fluency sub-scale scores in patients with a dialysis vin-
tage <12 months. It is conceivable that the physiological benefits of an improved biochemical
profile may be most evident in the first year of dialysis, due to the transition from a severely

uraemic to less uraemic milieu interieur after initiation of dialysis. Vascular disease burden
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and cognitive function were significantly worse in the ESKD group in our study suggesting a
role for vascular disease in the cognitive decline in the study population. However, it has been
suggested that accumulation of uraemic toxins may be more important in the pathogenesis of
cognitive impairment in kidney disease patients than pro-atherosclerotic factors, since inter-
ventions targeting cardiovascular risk factors have little or no effect on CKD-associated cogni-
tive decline [29]. The improvement in memory we observed may therefore be due to a
physiological benefit resulting from the removal of uraemic neurotoxins with dialysis. Even
though severe uraemic symptoms improve soon after commencing dialysis, stabilisation of
nutritional status and uraemic neuropathy can take up to one year after the initiation of dialy-
sis [30]. However, Drew et al., identified no relationship between dialysis vintage and decline
of memory or executive function [13]. The disparate finding in our study may be due to varia-
tions in the characteristics of our sample, differential attrition patterns or analysis models, and
we can be more confident about our finding if future studies reproduce similar results. We did
not observe any significant difference in the non-memory sub-scale scores of 3MS test or other
cognitive instrument scores between ESKD patients versus CKD patients or between dialysis
vintage categories among ESKD patients.
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Our study has several limitations. Our study cohort comprised of only two-thirds of poten-
tially eligible patients, and it is possible that patients with better cognitive function may have
been preferentially recruited. It is well known that patients with a higher disease burden and
greater risk of adverse outcomes are over-represented in the non-participant group leading to
selection bias in prospective studies [28]. However, the control population of CKD patients
drawn from the same socio-demographic and geographical setting used in our study provided
an opportunity for direct comparison between CKD and ESKD patients to test our hypothesis.
We should nevertheless appreciate that only a minority of CKD patients progress to dialysis
requiring ESKD and there are inherent imbalances in direct comparison of the CKD and
ESKD patients. This imbalance is apparent from the differences in baseline characteristics
between groups and we have undertaken multivariate analysis to account for the relevant vari-
ables. It should also be stressed that the observed improvements in cognitive parameters in
dialysis patients were small and of uncertain clinical significance. However, it is reasonable to
interpret within the limitations of the study, that there is no deterioration in cognitive function
in dialysis population over the period of observation. The sensitivity and specificity of instru-
ments used to measure cognitive function would impact upon the reliability of our reported
findings. A more robust battery of tests administered by a psychologist may have enabled us to
classify the cognitive domains with greater accuracy but several studies in kidney disease
patients have used the panel of cognitive measures we have used because it is simpler and
more practical to administer in a routine clinical setting. When neuropsychological assess-
ments are repeated in the same patient, learning effect can modify the follow-up results in
some participants [31], which should be considered in the interpretation of our results. How-
ever, such learning effects would be expected to be similar in the two patient groups and learn-
ing effects cannot explain the difference in changes in cognitive function between CKD and
ESKD groups. The relatively high differential drop-out rate of patients with worse cognitive
function after baseline data collection may have introduced survival bias by selecting patients
with a lower risk of cognitive decline, but our drop-out rate was, in fact, lower than what is
reported in other longitudinal studies in this population. The drop-out, however, doesn’t
invalidate the observation of improved memory domain scores in patients who have a dialysis
vintage less than one year compared to those on dialysis for a longer duration.

In conclusion, we observed that baseline cognitive function scores pertaining to memory
and executive function were worse in ESKD patients, compared to CKD patients. However,
we found that global cognitive scores and scores pertaining to verbal memory and fluency
improved on follow-up for ESKD patients, compared to CKD patients, which was largely
driven by the improvement in patients with a dialysis vintage of less than one year. These find-
ings may indicate that the memory domain may be responsive to biochemical changes while
other cognitive domains including executive function, may be largely dictated by cerebrovas-
cular disease. Our findings call for more research in this area focusing on the early effect of
dialysis on cognitive function domains.
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