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ABSTRACT

Background. Cognitive impairment in chronic kidney disease (CKD) is common and underrecognized [1, 2]. Determining risk
factors for cognitive impairment and whether speed of CKD progression is an important consideration may help identify
cognitive impairment by nephrologists. Vascular disease is thought to underpin cognitive impairment in CKD and by
segregating CKD patients with proven vascular disease, we may also be able to discover other important associations with
cognitive impairment in CKD patients.

Method. A total of 250 patients in a UK prospective cohort of CKD patients underwent two cognitive assessments: Montreal
Cognitive Assessment test and Trail Making Test. Cognitive impairment was defined using validated population cut-offs
(cognitive impairment) and relative cognitive impairment. Relative cognitive impairment was defined by <1 standard
deviation below the mean Z-score on any completed test. Two multivariable logistical regression models identified
variables associated with cognitive impairment and realtive cognitive impairment.

Results. About 44 and 24.8% of patients suffered cognitive impairment and relative cognitive impairment, respectively.
Depression, previous stroke and older age were significantly associated with cognitive impairment. Older age was
significantly associated with relative cognitive impairment (P � 0.05) and higher proteinuria and the use of psychodynamic
medications were also significantly associated with relative cognitive impairment (P¼0.05). Delta estimated glomerular
filtration rate (eGFR) in patients with cognitive impairment and relative cognitive impairment compared with those having
normal cognition was similar (�0.77 versus �1.35 mL/min/1.73 m2/year, P¼0.34 for cognitive impairment and �1.12 versus
�1.02 mL/min/1.73 m2/year, P¼0.89 for relative cognitive impairment).

Conclusion. Risk factors for cognitive impairment in CKD include previous stroke, depression or anxiety, higher proteinuria
and prescription of psychodynamic medications. Patients with a faster eGFR decline do not represent a group of patients at
increased risk of cognitive impairment.
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INTRODUCTION

Cognitive impairment is common and often unrecognized [1, 2].
Chronic kidney disease (CKD) confers an increased risk of cogni-
tive impairment [3–6]. Nephrologists are poor at recognizing
patients with cognitive impairment [7]. The speed of CKD pro-
gression has not previously been investigated as a risk factor for
cognitive impairment in patients with moderate non-dialysis
CKD (ND-CKD). The primary objective of this study was to deter-
mine if the speed of estimated glomerular filtration rate (eGFR)
decline is a significant risk factor for cognitive impairment after
accounting for other clinically important variables. If faster
declining renal function is associated with cognitive impair-
ment, then this could help identify patients with cognitive im-
pairment and those who require additional support with
decision-making or medication adherence [8]. There may be an
association with increased burden of cardiovascular disease,
cognitive impairment and rapidly declining eGFR [9].
Alternatively, the duration of CKD, associated oxidative stress,
endothelial dysfunction and inflammation may be a more perti-
nent consideration underpinning cognitive disease in CKD.

The diagnosis of cognitive impairment is typically made us-
ing absolute validated numerical cut-off scores in brief cognitive
screening assessments [10–13]. The diagnosis can also be made
using a relative score that is significantly lower than the rest of
the studied population [5, 14–16]. A second element of our study
aimed to determine a difference in cardiovascular and psycho-
social risk factor profiles according to the method of diagnosis
used. Furthermore, we wanted to better understand the overlap
between our primary cognitive impairment measure, the
Montreal Cognitive Assessment (MoCA) test and the Trail
Making Test (TMT). The TMT is quicker and easier to administer
and examines executive function, which is proposed as the
most common cognitive deficit in CKD [17].

Finally, we postulated that traditional cardiovascular risk
factors for cognitive disease might underpin any model of cog-
nitive impairment in CKD. We therefore investigated the risk
factor profiles for cognitive impairment in patients with and
without established vascular disease.

MATERIALS AND METHODS
Salford Kidney Study

Cognitive and quality of life assessments were undertaken in
consecutive patients as part of the Salford Kidney Study (SKS)
annual review between December 2016 and August 2018. The
SKS is a prospectively collected longitudinal epidemiological co-
hort study of >3000 patients with all-cause ND-CKD recruited
since 2002. Ethical approval was granted by the regional ethics
committee (REC15/NW/0818). The SKS was previously known as
the Chronic Renal Insufficiency Standards Implementation
Study, details of which have been published previously [18, 19].
The SKS recruit patients >18 years old referred to a tertiary renal
centre (catchment population 1.55 million) with an eGFR
<60 mL/min/1.73 m2 and not requiring immediate renal replace-
ment therapy. Patients with known dementia, suspected de-
mentia or severe psychological illness were not included in this
study. Demographic, comorbidity and laboratory data were
recorded at baseline and annually. All previous cerebrovascular
and cardiovascular events were validated following a review of
clinical notes, radiology reports, general practice records and
clinical coding. Laboratory parameters were included from the
same study visit as the cognitive assessment or within 7 days if

collected in the outpatient setting. Psychodynamic medications
were recorded and included opiate and neuropathic analgesics,
anticholinergics, benzodiazepines and antihistamines. The
change in eGFR was determined using linear regression of eGFR
measures for patients who had more than two outpatient eGFR
results >2 years prior to cognitive assessments. Fast progression
of CKD was defined as an eGFR decline >3 mL/min/1.73 m2/year
[9]. Alternative methods of rapid decline in renal function were
also used and included >20% decline in eGFR within the
12 months antecedent to the cognitive assessment and >20 and
>50% decline in eGFR from baseline during the study.

Cognitive assessments

The MoCA [10] and the TMT A and B [12] were performed on
each patient by a trained research nurse. The MoCA is a brief
cognitive impairment screening tool that covers the cognitive
domains of episodic memory, executive function, language, at-
tention, visuospatial ability and orientation. It takes <15 min to
administer, with a maximum score of 30. A score <26 after ad-
justment for education defined cognitive impairment. Recent
data have suggested a score <19 as the optimal cut-off to cate-
gorize possible dementia as opposed to cognitive impairment,
so these patients were highlighted to their treating clinician
with advice for further referral [20].

The TMT is a short test made up of two parts [12, 21]. Part A
tests visual awareness and motor speed. Part B tests executive
function due to its requirement for mental flexibility, although
visual scanning and psychomotor speed are also assessed [22,
23]. The TMT was also categorized as a binary variable whereby
cognitive impairment is defined as a Trail-A score >75 s or a
Trail-B score >180 s [13].

The cognitive outcome measures used in this study were as
follows: cognitive impairment (binary and continuous output
from MoCA); cognitive impairment (binary and continuous out-
put from TMT A or TMT B); relativd cognitive impairment con-
tinuous, which is the sum of the Z-score of completed cognitive
tests divided by the number of cognitive tests fully completed
(used in correlation analysis only); and relative cognitive im-
pairment binary, which is any Z-score on either the MoCA or
TMT >1 standard deviation (SD) below the mean (Z-score >�1).

Quality of life assessments

Health-related quality of life measurements were assessed us-
ing the EuroQol 5-dimension 5-level (EQ-5D-5L) questionnaire
[24]. The EQ-5D-5L questionnaire uses an ordinal scale of 1–5 for
most domains of quality of life. Depression was categorized if
patients self-reported depression or anxiety was moderate, se-
vere or extreme (3–5 on the scale).

Statistical analysis

Data distribution analysis was performed using the Shapiro–
Wilk test. All continuous variables were non-parametric and
test results are presented as median and interquartile range
(IQR). The MoCA and TMT scores were standardized to produce
three cognitive Z-scores such that a higher Z-score describes
better cognitive performance. Spearman rank correlations were
used to analyse correlations between TMT A and B times.
Relative cognitive impairment was operationally defined as a
cognitive score for any of the cognitive measures falling >1 SD
below mean standardized test scores. This criterion for rela-
tively poor performance has been used in previous studies [5,
25], including publication of population norms [26–28].
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Two multivariable models were created for both cognitive
impairment and relative cognitive impairment outcome varia-
bles, one examining psychosocial factors and one examining
physical comorbidity variables. This was an exploratory analy-
sis of factors associated with cognitive impairment and relative
cognitive impairment. The two models avoided overfitting the
regression models, which may mask genuine relationships be-
tween variables. Age and eGFR were included in both model
types due to their significant correlations with cognitive impair-
ment. We analysed psychosocial covariates with relative cogni-
tive impairment and cognitive impairment in (i) an unadjusted
model, (ii) an age-adjusted model, (iii) a parsimonious model in-
cluding age and eGFR and (iv) a fully adjusted psychosocial
model. In the comorbidity model, we tested the association of
fast eGFR decline with cognitive impairment and relative cogni-
tive impairment in the same models (i–iii), (iv) the fully adjusted
comorbidity model and (v) the same model including fast eGFR
progression (eGFR at the time of cognitive assessment was not
included in this final model due to collinearity with fast eGFR
progression).

All variables were then analysed unadjusted and with
adjustment for eGFR and age in two subgroups:,patients
with known vascular disease [previous coronary bypass
grafting, angioplasty, myocardial infarction (MI), stroke, tran-
sient ischaemic attack and peripheral vascular disease] and
patients without known vascular disease. A P-value <0.05 was
considered statistically significant for all analyses. There is
scant evidence investigating comorbid, demographic and psy-
chosocial associations of cognitive impairment and relative
cognitive impairment in moderate to severe CKD, so multiplic-
ity adjustments were not performed, as these may have
resulted in a type 2 error [29]. Analyses were performed using
SPSS version 23.0 (IBM, Armonk, NY, USA) licensed to the
University of Manchester.

RESULTS

All 251 participants attending an SKS annual review visit were
consecutively approached and agreed to a cognitive assess-
ment. A total of 250 participants completed the MoCA [median

age 55 years (IQR 53–74)], of which 239 participants also
undertook both parts of the TMT. One patient was excluded due
to missing demographic data; 217 patients also completed the
quality of life assessments. The MoCA found 111 (44.4%)
patients were classified as cognitively impaired and 62 (24.8%)
as suffering relative cognitive impairment (of whom 79.0%
had been classified as cognitive impairment using the MoCA).
Thirteen patients were classified as having relative cognitive
impairment but not cognitive impairment as defined using
MoCA. In these 13 patients, cognitive deficiencies were driven
by poor performance on TMT A and/or B. Eighteen (7.2%)
patients were classified as cognitively impaired using the
binary cut-off values of the TMT A and/or B, 12 of whom were
already identified as having cognitive impairment using the
MoCA. Six patients were categorized as having relative cogni-
tive impairment but did not score <26 on the MoCA, >75 s on
TMT A or >180 s on TMT B (Figure 1).

Participant characteristics split by cognitive impairment def-
inition are presented in Table 1. Patients who did not have cog-
nitive impairment on any test performed (n¼ 127) had
significantly better renal function [median eGFR 39 mL/min/
1.73 m2 (IQR 23–50)] and significantly lower proteinuria [28 mg/
mmol (IQR 7–100)]. Patients identified with cognitive impair-
ment using any method of definition were significantly older,
more likely to be retired or widowed and suffer/had suffered
from atrial fibrillation, peripheral vascular disease, MI, stroke or
coronary heart disease than patients with normal cognitive
performance. Significantly fewer patients whose primary renal
disease was glomerulonephritis demonstrated cognitive impair-
ment (P¼ 0.031).

Spearman rank correlations (Supplementary data, Table S1)
demonstrated a strong inverse correlation between age and a
combined relative cognitive impairment Z-score (R¼�609,
P¼ 0.000), age and TMT A Z-score (�0.528, P¼ 0.000), age and
TMT B Z-score (R¼�0.504, P¼ 0.000) and a weakly inverse sig-
nificant correlation with age and MoCA Z-score (�0.316,
P¼ 0.000). There were also significant correlations between cog-
nitive scores, haemoglobin and albumin. Patients global health
rating on the EQ-5D-5L weakly correlated with the MoCA Z-
score (R¼ 0.147, P¼ 0.030) but did not correlate with any other
cognitive variable. Univariate associations between
comorbidities, lifestyle factors, demographic factors, primary
renal disease and cognitive impairment defined by the MoCA
and TMT and relative cognitive impairment are displayed in
Supplementary data, Table S2. The same variables, after adjust-
ment for eGFR and age, are displayed in Supplementary data,
Table S3. In the multivariable logistic regression, psychosocial
model depression and older age were significantly associated
with cognitive impairment (defined by the MoCA) after adjust-
ment for other psychosocial variables. Older age was associated
with relative cognitive impairment (Table 2).

In the physical comorbidity model after full adjustment,
older age and previous stroke were significantly associated with
cognitive impairment (Table 3). In the model using relative cog-
nitive impairment as the dependent variable after adjustment
for comorbidities, older age was associated with relative cogni-
tive impairment (P< 0.05), high proteinuria and the use of psy-
chodynamic medications (P¼ 0.05; Table 3).

The prevalence of cognitive impairment and relative cogni-
tive impairment was higher in patients with vascular disease
than in patients without (58.5% versus 35.9% for cognitive im-
pairment and 35.1% versus 18.6% for relative cognitive impair-
ment, respectively). Unadjusted odds ratios (ORs) for all
variables are presented in Supplementary data, Table S4 and

FIGURE 1: A proportionate Venn diagram demonstrating the overlapping defini-

tions of cognitive impairment according to the different cognitive tests and defi-

nitions used. Created using meta-chart.com.
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Table 1. Demographics, comorbidity and laboratory data of participants on the day of study

Variable Total (N¼ 250)

Normal
cognitive

performance (
n¼ 127)

Cognitive impair-
ment (MoCA
< 26/30) (
n¼ 111)

Cognitive impair-
ment (TMT

A or B) (n¼ 18)

Relative cognitive impair-
ment (>1 SD below the

mean Z-score
on any test)

(n¼ 62)

Significance
(normal

versus cognitive
impairment using

any
measure)

Age (years) 66 (53–74) 59 (49–69) 70 (58–77) 77 (75–84) 76 (67–81) 0.000
Sex, n (%)

Male 164 81 (63.8) 74 (66.7) 11 (61.1) 39 (62.9) 0.538
Ethnic group, n (%)

Caucasian 241 (96.4) 124 (97.6) 105 (94.6) 18 (100) 61 (98.4) 0.204
Non-Caucasian 9 (3.6) 3 (2.4) 6 (5.4) 1 (1.6)

Employment status, n (%)
Full time 82 (32.8) 57 (44.9) 23 (20.7) 1 (5.6) 5 (8.1)
Part time 20 (8.0) 7 (5.5) 12 (10.8) 2 (11.1) 6 (9.7)
Homemaker 2 (0.8) 1 (0.8) 1 (0.9) 0 1 (1.6) 0.006
Retired 124 (49.6) 51 (40.2) 65 (58.6) 15 (83.3) 46 (74.2)
Never employed 0 (0) 0 (0) 0 (0) 0 0 (0)
Unemployed 6 (2.4) 3 (2.4) 3 (2.7) 0 1 (1.6)
Unable to work due to
health

12 (4.8) 6 (4.7) 5 (4.5) 0 3 (4.8)

Other 2 (0.84) 2 (1.6) 2 (1.8) 0 0 (0)
Living alone, n (%)

Yes 46 (18.4) 20 (15.7) 24 (21.6) 6 (33.3) 13 (21.0) 0.272
Marital status, n (%)

Married 175 (70) 92 (72.4) 74 (66.7) 12 (66.7) 41 (66.1)
Widowed 14 (5.6) 3 (2.4) 10 (9) 2 (11.1) 6 (9.7)
Separated 4 (1.6) 3 (2.4) 1 (0.9) 0 1 (1.6) 0.008
Single 35 (14.0) 19 (15.0) 14 (12.6) 3 (16.7) 8 (12.9)
Divorced 10 (4) 1 (0.8) 9 (8.1) 1 (5.6) 5 (8.1)
Cohabitation 12 (4.8) 9 (7.1) 3 (2.7) 0 1 (1.6)

Education, n (%)
�12 years 132 (52.8) 64 (50.4) 60 (54.1) 12 (66.7) 38 (61.3) 0.439

Current or previous
smoker
Yes, n (%) 128 (51.2) 62 (48.8) 60 (54.1) 13 (72.2) 33 (53.2) 0.444
BMI 27.8 (24.8–31.9) 27.4 (24.8–32.0) 27.8 (24.1–31.7) 25.1 (25.5–28.4) 28.2 (25.8–31.8) 0.897
Units of alcohol/week 0 (0–8) 1 (0–7) 0 (0–10) 5 (0–2) 0 (0–2) 0.682

Primary renal disease, n
(%)
Diabetic nephropathy 33 (13.2) 15 (11.8) 15 (13.5) 3 (16.7) 10 (23.3) 0.510
Renovascular 43 (17.2) 18 (14.2) 22 (19.8) 5 (27.8) 9 (20.9) 0.198
Glomerulonephritis 55 (22.0) 35 (27.6) 18 (16.2) 3 (16.6) 7 (16.3) 0.031
ADPKD 32 (12.8) 17 (13.4) 15 (13.5) 1 (5.6) 3 (7.0) 0.778
Obstructive 9 (3.6) 4 (3.1) 4 (3.6) 0 0 (0) 0.698
Vasculitis 10 (4.0) 8 (6.3) 2 (1.8) 0 1 (2.3) 0.059
Pyelonephritis 12 (4.8) 5 (3.9) 7 (6.3) 1 (5.6) 1 (2.3) 0.517
Other 37 (14.8) 18 (14.2) 16 (14.4) 3 (16.7) 8 (18.6) 0.777
Unknown 19 (7.6) 7 (5.5) 12 (10.8) 2 (11.1) 4 (9.3) 0.205

Psychodynamic media-
tions, n (%)
Yes 29 (11.6) 11 (8.7) 17 (15.3) 4 (22.2) 11 (17.7) 0.140
Hypertension 225 (90.4) 111 (88.1) 103 (92.8) 15 (83.3) 57 (91.9) 0.220
Diabetes 60 (24) 26 (20.5) 31 (27.9) 5 (27.8) 23 (37.1) 0.184
Previous MI 32 (12.8) 8 (6.3) 23 (20.7) 4 (22.2) 12 (19.4) 0.002
Coronary heart disease

(including MI)
57 (22.8) 20 (15.7) 34 (30.6) 10 (55.6) 22 (35.5) 0.007

Heart failure 37 (14.9) 10 (7.9) 24 (21.6) 7 (38.9) 16 (26.2) 0.002
Atrial fibrillation 28 (11.2) 6 (4.7) 18 (16.2) 5 (27.8) 15 (24.2) 0.001
Previous stroke 17 (6.8) 2 (1.6) 14 (12.6) 3 (16.7) 9 (14.5) 0.001
Previous TIA 7 (2.8) 3 (2.4) 3 (2.7) 1 (5.6) 2 (3.2) 0.670

23 (9.2) 5 (3.9) 16 (14.4) 3 (16.7) 6 (14.0) 0.003

(continued)
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ORs adjusted for age and eGFR are presented in Table 4. In
patients without known vascular disease, the significant varia-
bles associated with cognitive impairment after adjustments
were the prescription of psychodynamic medications and de-
pression or anxiety. The use of psychodynamic medications
was also significantly associated with relative cognitive impair-
ment. In patients with known vascular disease, prior stroke was
a significant comorbidity variable associated with cognitive im-
pairment. A body mass index (BMI) >25 was associated with a
reduced OR for cognitive impairment. Greater proteinuria
(>70 g/mol) was significantly associated with relative cognitive
impairment but not cognitive impairment.

A total of 227 patients had at least two blood tests with>2 years
of SKS follow-up prior to cognitive testing. Fast decline in renal
function was not associated with the presence of cognitive impair-
ment or relative cognitive impairment in unadjusted or fully ad-
justed models. There was no significant difference between the

eGFR slope in patients with cognitive impairment and relative cog-
nitive impairment compared with those having normal cognition
(�0.77 versus �1.35 mL/min/1.73 m2/year, P¼ 0.344 for cognitive
impairment and �1.12 versus �1.02 mL/min/1.73 m2/year, P¼ 0.887
for relative cognitive impairment). Patients with known vascular
disease had a similar rate of eGFR decline as those without known
vascular disease (�0.91 versus �1.15 mL/min/1.73 m2/year,
P¼ 0.077). Rapidly declining eGFR classified by any of the alterna-
tive definitions of 20% decline in eGFR in the antecedent 12 months
or by 20 or 50% declines in eGFR during the entire SKS study

follow-up was not associated with cognitive impairment (defined
by the MoCA, TMT or relative cognitive impairment).

DISCUSSION

Our prospective study in ND-CKD patients is the first to find a
faster eGFR decline was not associated with the presence of

Table 1. (continued)

Variable Total (N¼ 250)

Normal
cognitive

performance (
n¼ 127)

Cognitive impair-
ment (MoCA
< 26/30) (
n¼ 111)

Cognitive impair-
ment (TMT

A or B) (n¼ 18)

Relative cognitive impair-
ment (>1 SD below the

mean Z-score
on any test)

(n¼ 62)

Significance
(normal

versus cognitive
impairment using

any
measure)

Cerebrovascular disease
(previous stroke
or TIA)

Peripheral vascular
disease

22 (8.8) 6 (4.7) 15 (13.5) 2 (11.1) 9 (14.5) 0.013

COPD 28 (11.2) 14 (11.0) 13 1(1.7) 2 (11.1) 6 (9.7) 0.928
Depression or anxietya 28 (12.9) 8 (7.0) 18 (19.1) 3 (20) 4 (7.4) 0.006
eGFR (mL/min/1.73m2) 33 (21–46) 39 (23–50) 29 (19–42) 27 (18–37) 26 (18–37) 0.003
Haemoglobin (g/L)b 127 (114–140) 129 (114–140) 126 (113–137) 114 (106–117) 119 (111–1213) 0.211
Corrected calcium (

mmol/L)c
2.38 (2.31–2.45) 2.38 (2.31–2.45) 2.39 (2.30–2.46) 2.38 (2.30–2.43) 2.38 (2.32–2.48) 0.895

Phosphate (mmol/L)c 1.09 (0.95–1.27) 1.06 (0.89–1.27) 1.13 (0.97–1.27) 1.21 (1.07–1.21) 1.13 (0.98–1.23) 0.056
Parathyroid hormone (

ng/L)d
10.4 (5.9–18.0) 9.2 (6.0–17.2) 11 (5.7–18.8) 23.6 (9.4–24.5) 12.1 (8.4–21.3) 0.271

Albumin (g/L)e 43 (40–44) 43 (41–45) 43 (40–44) 39 (38–42) 42 (39–44) 0.196
Urine PCR (g/mol)f 35 (10–107) 28 (7–100) 43 (11–100) 150 (17–224) 69 (17–157) 0.052
Delta eGFR (mL/min/

1.73m2/year)g
�1.032 (�2.844

to �0.408)
�1.23 (�3.22–0.59)�0.77 (�2.28–0.32)�1.10 (�1.64–0.34) �1.02 (�2.06–0.55) 0.574

>20% drop in eGFR in
12months prior to
cognitive assessment

26 (18.4) 24 (23.1) 20 (21.5) 5 (29.4) 11 (22.0) 0.824

>20% decline in eGFR
during studyg

109 (45.5) 55 (47.8) 48 (47.1) 6 (35.3) 27 (49.1) 0.953

>50% decline in eGFR
during studyg

34 (14.9) 15 (14.7) 2 (11.8) 6 (16.2) 6 (10.9) 0.649

Months in study 46 (12–72) 40 (11–68) 49 (18–85) 50 (18–61) 46 (14–74) 0.177

Values are presented as median (IQR) unless stated otherwise.

Psychodynamic medications included opiates, anticholinergics, benzodiazepines, antihistamines and neuropathic analgesic medications.

ADPKD, autosomal dominant polycystic kidney disease; CPOD, chronic obstructive pulmonary disease; TIA, transient ischaemic attack; PCR, protein creatinine ratio.

Results based on
a217 results,
b249 results,
c244 results,
d192 results,
e246 results,
f247 results and
g227 patients with >2 years of blood tests prior to cognitive test and >2 blood tests, median number of antecedent months covered by calculation was 58 months. This

was based on a median of 19 (IQR 11–31) outpatient blood tests prior to the cognitive questionnaire.
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cognitive impairment measured by three independent cognitive
assessments in moderate to severe CKD. Such a finding per-
sisted even in patients with a higher vascular comorbid burden.
The timing of the eGFR decline does not appear to affect the
likelihood of discovering cognitive impairment either. Patients
with a rapid decrease in eGFR (>20% decline) in the 12 months
prior to cognitive assessments were not more likely to demon-
strate cognitive impairment.

A Taiwanese community population study performed in an
elderly cohort suggested eGFR decline (defined as 20% annual
reduction in eGFR) was independently associated with cognitive
decline. In this study, the majority (93%) did not suffer from
CKD (eGFR >60 mL/min); only 0.74% of the study population had
an eGFR <30 mL/min/1.73 m2 [30]. The accuracy of GFR esti-
mates by serum creatinine estimating equations is known to be
reduced at higher eGFRs, especially in the elderly, hence the sig-
nificance of a 20% decline in eGFR in elderly patients whose
eGFR is >60 mL/min/1.73 m2 is questionable [31].

In another study, 259 of 2383 French patients >65 years old
who had a rapid decline in eGFR (>4 mL/min/1.73 m2) had an in-
creased relative risk of cognitive decline and dementia with a
vascular component. However, the mean eGFR at baseline in
that study was 76.7 mL/min/1.73 m2 [32]. In our study, 43.6% of
patients had an eGFR <30 mL/min/1.73 m2. Etgen et al. [33] dem-
onstrated that ‘newly acquired’ CKD (creatinine clearance rate
<60 mL/min/1.73 m2) was independently associated with newly
acquired cognitive impairment when compared with partici-
pants with normal or near-normal renal function during a 2-
year follow-up [OR 1.73 (95% CI 1.26–2.43), P< 0.001]. These three
studies are at odds with the outcome of our study, potentially
due to differences in CKD severity between the study popula-
tions. Our study cohort had significant CKD, which is more rep-
resentative of patients cared for in secondary care and relevant
to practising nephrologists [34]. Organ performance in the kid-
ney and brain may not decline in parallel. Current published lit-
erature suggests eGFR decline may predict future cognitive
decline. Once eGFR has already declined, other pathological
drivers of cognitive impairment may predominate and further
eGFR decline may not be an important risk factor.

Our study shows the significant impact of previous stroke on
cognitive impairment in an ND-CKD population, which is con-
sistent with other CKD studies [35], and in the general popula-
tion [36, 37]. Our study supports the notion that patients with
CKD and previous stroke should undergo cognitive assessment
as part of standard CKD care. In the psychosocial model, depres-
sion or anxiety was significantly associated with cognitive im-
pairment. Depression is a frequently detected (and often
overlooked) psychiatric comorbidity in patients with renal dis-
ease [38, 39]. Our results support screening for depression at the
time of cognitive assessment to establish the presence or ab-
sence of ‘pseudo cognitive impairment’. If depression is discov-
ered, there may be potential therapeutic strategies to improve
cognitive performance [40].

We investigated important factors associated with cognitive
impairment in ND-CKD in patients without known vascular
comorbidity. In our model adjusted for age and eGFR, the pre-
scription of psychodynamic medications and depression or anx-
iety were independent risk factors for cognitive impairment.
However, the direction of causality is difficult to adjudicate for
the relationship with medications, which were prescribed to
ameliorate sleep disturbance, pain and restless legs.
Psychodynamic medications should be used cautiously in CKD
patients. If cognitive impairment is caused by psychodynamic
medications, then this relationship should be reversible whenT
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the medication is removed. Cognitive assessments before and
after commencement of psychodynamic medications may be of
use. Determination of which psychodynamic medications have
the most significant impact on cognitive impairment in CKD is
an area for future study. Due to small numbers, this aspect
could not be investigated in this study.

Patients with BMI >25 and with a known vascular
comorbidity were less likely to demonstrate cognitive impair-
ment. Sarcopenia is independently associated with cognitive
impairment [41] and may reflect the absence of sarcopenia
rather than a higher BMI providing a protective mechanism
against cognitive impairment.

Cognitive impairment was defined using different methods.
Figure 1 demonstrates a significant overlap between the two
definitions. While age was strongly associated with both cogni-
tive impairment and relative cognitive impairment, stroke and
depression were not associated with relative cognitive impair-
ment despite being acknowledged as important within the gen-
eral population. This study might therefore suggest that
cognitive disease in ND-CKD should be measured and defined
using methods applicable to the general population, otherwise
important associations and confounders may be overlooked.
Alternatively, if 44% of the CKD population suffer from cognitive
impairment, all of these patients may require additional resour-
ces and support in relation to decision-making, medication
compliance and consent for procedures. Adopting a relative
cognitive impairment definition may help to highlight patients
who might benefit the most from additional support. The MoCA
alone may overestimate clinically significant cognitive impair-
ment in the CKD population. Using a lower cut-off for cognitive
impairment, e.g. <24/30, as has been suggested in the haemo-
dialysis population, may be more appropriate [42].

The strengths of this study include detailed characterization
of the study population with thorough comorbidity assessment,
multiple measures of cognitive functioning covering most
domains of cognition, minimal missing data and a long ante-
cedent follow-up period before cognitive assessment for accu-
rate calculation of eGFR slopes.

One potential limitation is the majority of patients in this
study were invited to participate at an SKS follow-up visit. The
competing risk of death or dialysis commencement and cogni-
tive impairment means that some rapidly progressive CKD
patients in the SKS cohort may have died or commenced dialy-
sis, potentially biasing our cognitive impairment study cohort
to patients with more stable disease. However, the median
eGFR decline in this subgroup was �1.032 mL/min/1.73 m2/year,
whereas the median eGFR decline in the whole of the SKS
(>3000 patients) is not markedly different (�1.37 mL/min/
1.73 m2/year). Second, cognitive assessments were not per-
formed prior to study enrolment, although patients with known
dementia are not recruited to the SKS, as most are unable to
provide informed consent. eGFR decline was assessed using lin-
ear regression, but not all patients with CKD decline in a linear
fashion. eGFR decline was therefore analysed using a binary
20% decrease in eGFR in the antecedent 12 months prior to cog-
nitive assessment [30] and by a 20 and 50% decrease in eGFR
during the study (Supplementary data, Tables S3 and S4).
Cognitive impairment (or relative cognitive impairment) was
not significantly associated with any of these eGFR decline vari-
ables. The sample size of this study is comparable with many
other studies investigating CKD and cognitive impairment.
However, due to this sample size and slow eGFR decline, this
study lacks statistical power to definitely confirm that fast eGFR
decline is not associated with cognitive impairment. Finally,

this study was performed in a largely Caucasian UK CKD cohort.
Patients from Southeast Asia are at higher risk of CKD progres-
sion and reaching end-stage renal disease [43]. It may not be ap-
propriate to translate the findings of this study into non-
Caucasian patients with CKD.

In conclusion, we found that faster eGFR decline is not asso-
ciated with the presence of cognitive impairment in patients
with moderate to severe ND-CKD. Older patients with a previ-
ous stroke, depression or anxiety, higher proteinuria and
patients prescribed psychodynamic medications are at higher
risk of cognitive impairment in ND-CKD.

SUPPLEMENTARY DATA

Supplementary data are available at ckj online.
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