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Abstract

Background/Aims: The high risk and prevalence of demen-
tia among patients with chronic kidney disease (CKD) and in
those receiving hemodialysis (HD) may be preceded by mild
cognitive impairment (MCl). We aimed to assess cognitive
function in CKD and HD patients with no history of stroke
or dementia, in order to identify and characterize early
cognitive deficits. Methods: 24 CKD and 27 HD male out-
patients without history of cerebrovascular or neurodegen-
erative disease underwent comprehensive neuropsycho-
logical testing in an observational cross-sectional study. Test
results were used to categorize patients into MCl subtypes.
Results: All subjects scored =28 on the Mini-Mental State
Examination. The prevalence of executive function was at
least 25% in both groups and memory impairment occurred
in 13% of the HD patients and 15% of those with CKD. MCI
occurred in 76% of the group and HD patients showed a
higher prevalence of MCl compared to CKD patients (89 vs.
63%) with a preponderance (>70%) of cases across both
groups classified as non-amnestic MCl. Conclusion: Predi-

alysis CKD and HD patients have a high prevalence of MCl
despite normal global cognitive function. MCl was more
prevalent among the HD patients and deficits more fre-
quently resulted in non-amnestic MCI.

Copyright © 2010 S. Karger AG, Basel

Introduction

Advancing age and a heavy burden of cardiovascular
risk factors among chronic kidney disease (CKD) and
hemodialysis (HD) patients has focused attention on ce-
rebrovascular morbidity in this population. Dementia
prevalence in the HD population has been reported to be
30% and is frequently under recognized [1, 2]. In patients
with CKD prior to initiating dialysis, cognitive function
has been correlated with the severity of renal disease and
an increased risk of developing dementia [3, 4]. Several
factors may be responsible for the high prevalence of cog-
nitive impairment in this population and may signifi-
cantly impact cognition prior to the development of overt
dementia.

Patients with CKD have a high prevalence of subcorti-
cal white matter lesions on neuroimaging and a high in-
cidence rate for stroke [5, 6]. White matter lesions result

© 2010 S. Karger AG, Basel

KARGER

Fax +41 61 306 12 34
E-Mail karger@karger.ch
www.karger.com

Accessible online at:
www.karger.com/nec

James B. Post, MD

James J. Peters VA Medical Center, 4C-12 Outpatient Renal Practice
130 West Kingsbridge Road, Bronx, NY 10468 (USA)

Tel. +1 718 584 9000, ext. 6635, Fax +1 718 741 4679

E-Mail James.Post@va.gov



from subcortical small vessel disease and have been inde-
pendently associated with severity of kidney disease [7].
Small vessel cerebrovascular disease leading to the devel-
opment of subcortical white matter lesions is likely to be
accelerated in CKD because these patients often have a
clustering of traditional and emerging vascular risk fac-
tors, including hypertension, diabetes, hyperlipidemia,
elevated oxidative stress, and an elevated inflammatory
state. Small vessel cerebrovascular disease is the most
common cause of vascular dementia with a pattern of
cognitive deficits characterized by relatively preserved
memory and impairment in domains related to attention,
executive function and processing speed [8, 9]. Current
dementia screening tools, which rely heavily on memory
deficits, may not identify patients with cognitive deficits
characteristic of cerebral small vessel disease, particular-
ly in the early stages.

Mild cognitive impairment (MCI) represents a tran-
sitional stage between cognitive changes of aging and
dementia. Amnestic MCI with predominant memory
deficits has gained a reputation as a predictor of incipient
Alzheimer’s disease [10]. Recent studies have introduced
the non-amnestic MCI subtype that may serve as a poten-
tial prodrome of vascular dementia [11, 12].

The purpose of our study was to perform detailed
neuropsychological testing in outpatient CKD and HD
patients with no history of dementia, stroke or neurode-
generative disease in order to identify and characterize
cognitive deficits. We hypothesized that both groups
would score significantly lower when compared to nor-
mative data, particularly in domains most affected by
subcortical small vessel disease. We also predicted that
HD patients would perform worse than predialysis CKD
patients due to the increased cardiovascular risk as renal
disease progresses and HD is initiated.

Materials and Methods

Study Design

This is an observational, cross-sectional study of stage III-IV
CKD and HD patients attending the outpatient Renal and Hemo-
dialysis Clinics at the James J. Peters Veterans Affairs Medical
Center Bronx, N.Y. Patients were recruited from October 2006
to October 2008. Outpatients were referred for screening by
their primary nephrologists. All participants provided signed
informed consent in accordance with local institutional review
board approval. Subjects included 27 of 80 patients on HD and 24
of approximately 200 patients with stage III or stage IV CKD.

Demographic characteristics and chronic health conditions
for both groups were obtained from the patient’s electronic med-
ical records. For CKD patients, the estimated glomerular filtra-
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tion rate (eGFR), serum calcium (Ca), serum phosphate (POy,),
and hemoglobin levels were recorded within 3 months of neuro-
psychological testing. eGFR was calculated using the Modifica-
tion of Diet in Renal Disease study equation [13]. Serum intact
parathyroid hormone (PTHj;) levels were obtained within 6
months of neuropsychological testing. When more than one value
was available, averages were calculated. Laboratory values from
HD patients included hemoglobin, Ca level, PO, level, PTH; and
BUN for urea reduction ratio (URR) calculation. As part of rou-
tine clinical care, these labs are drawn monthly on dialysis days
prior to the treatment. Values for Ca, PO,, PTH; and URR were
calculated by averaging the monthlylabs for 3 consecutive months
prior to neuropsychological testing. All tests were performed at
a single central laboratory using standard methods. Labs were
drawn for thyroid-stimulating hormone (TSH) within 1 week of
neuropsychological testing and values determined by radioim-
munoassay for both groups. Measured blood pressure was deter-
mined by averaging the 3 clinical appointment blood pressure
readings prior to neuropsychological testing.

Participants

Patients were considered for enrollment if they were fluent in
English and able to complete baseline assessments. HD partici-
pants had to be receiving treatment for at least 3 months and have
a 3-month average URR of =65% at the time of screening. Those
receiving HD were dialyzed 3 days per week for 3-4 hours per ses-
sion. Exclusion criteria were as follows: a history of stroke or de-
mentia when questioned or if documented in the medical chart, a
history of Parkinson’s or neurodegenerative disease, liver func-
tion enzymes (AST and ALT) more than two times the upper lim-
it of normal, or a hemoglobin level <10 g. Stage III CKD was de-
fined as an eGFR 30-59 ml/min/1.73 m? and stage IV CKD was
defined as eGFR 15-29 ml/min/1.73 m2. All the subjects that com-
pleted testing were male. All attempts were made to perform neu-
ropsychological testing on non-dialysis days in order to avoid the
potential temporal relationship between cognitive function and
time since last dialysis. However, 5 patients were tested on dialysis
days due to scheduling difficulties.

Measurements

A 60-min battery of nine validated neuropsychological tests
was administered to all study participants under supervision of a
senior psychologist with specialized training in neuropsychology.
The neurocognitive battery included: The Mini-Mental State Ex-
amination (MMSE) [14], The California Verbal Learning Test-II
(CVLT-II) Standard Form [15], the Controlled Oral Word Asso-
ciation Test (COWAT-FAS) [16], animal category fluency, Digit
Span [17], the Symbol Digit Modality Test (SDMT) [18], Trails A
& B [19], Stroop Word & Color tests [20], and the Short Category
Test (SCT) [21] (table 1).

Neuropsychological Test Analysis and MCI Classification

In the absence of a matched control group, we compared group
raw scores on each cognitive test to previously published norma-
tive data on age- and education-matched healthy controls. For
between-group comparisons on each cognitive measure, raw test
scores were converted to the published age- and education-stan-
dardized T scores. T scores that were =1.5 standard deviations
(SD) below the mean were identified as impaired. To calculate the
domain composite T scores, we first calculated a mean T score of
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Table 1. Neurocognitive battery

Test

Function assessed

Mini-Mental State Examination
Attention and processing speed
Trails A
Digit Span
Symbol Digit Modalities Test
Stroop Word
Stroop Color
Executive function
Short Category Test
Trails B
Stroop Color-Word
Language

Controlled Oral Word Association Test (FAS)

Animal naming
Memory
California Verbal Learning Test-II

Global cognitive status

Visual attention

Auditory attention and memory
Visuomotor scanning and processing
Speed of information processing
Speed of information processing

Concept formation and reasoning
Set shifting
Cognitive flexibility

Verbal fluency, phonemic naming
Verbal fluency, categorical naming

Verbal immediate, short-term, long-term
and delayed recognition memory

all the completed cognitive tests within each particular domain
(table 1) for each subject. Next, all subjects’ domain composite
scores were averaged within each group to calculate the overall
domain composite score for either CKD or HD groups. Results of
neurocognitive tests were used to classify subjects with an MCI
subtype by using diagnostic criteria utilized from the Cardiovas-
cular Health Cognition Study and the Mayo Clinic Study of Aging
as approximate guidelines [12, 22, 23]. Subjects with a composite
score for long and short delayed memory tests =1.5 SD below age-
and education-matched norms were classified as MCI amnestic
type. Study participants who did not meet criteria for MCI am-
nestic type, but scored =1.5 SD below the norm on two or more
tests in a non-memory domain (Attention/Processing Speed, Ex-
ecutive Function, or Language) were classified as MCI non-am-
nestic type. The MCI amnestic subtype was further categorized
into single domain involvement if the memory domain was only
impaired and multiple domain if the subject scored =1.5 SD be-
low the norm on two or more tests within a non-memory domain.
Subjects with non-amnestic MCI were further characterized into
single domain if only one non-memory domain was impaired or
multiple domain if the subject scored =1.5 SD below the norm on
one or more tests in an additional non-memory domain.

Statistical Methods

Descriptive statistics are reported as means and SDs or percent
as appropriate. Within each study group, single group t-tests were
used to determine raw score differences between the CKD study
participants and previously published normative (PN) data for
age-matched, healthy controls. Multiple regression models were
used to adjust for differences between the CKD and HD groups
for diabetes mellitus (DM), hypertension (HTN), hyperlipidemia,
coronary artery disease (CAD), congestive heart failure (CHF),
peripheral arterial disease (PAD), PO,, Ca X PO,, PTH; and
TSH. Independent sample t-tests were used to evaluate differenc-
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es between the CKD and HD groups on individual cognitive test
T scores and domain composite T scores. CKD and HD groups
were compared on the demographic and clinical variables repre-
sented as a continuous number by using t-tests. For the dichoto-
mous or categorical variables, X’ tests were used to determine the
significance of differences in prevalence between the groups. The
statistical analyses were performed using StatView (SAS, 1998).
Analysis of covariance (ANCOVA) was used to determine the dif-
ferences between those with and without MCI for traditional and
emerging cardiovascular risk factors.

In the CKD group, visual difficulties prevented 2 subjects
from completing two or more of the following: Trails A, SDMT,
Digit Span, Stroop Word, Stroop Color, Stroop Color-Word, and
Trails B. Six patients refused to complete the Short Category Test
out of frustration. In the HD group, 1 subject did not complete
Stroop Color and Stroop Color-Word secondary to color vision
deficiency. Scores from individual neurocognitive measures that
were not completed were excluded from data analysis and not
counted.

Results

Participants

Fifty-one male subjects participated in the study, 24
with CKD and 27 on HD. CKD subjects were significant-
ly older than those receiving HD (72 * 12 vs. 63 * 11
years, p = 0.01). No other demographic variables were sta-
tistically different between the groups (table 2). Hyper-
tension, diabetes, and hyperlipidemia were highly preva-
lent in both the CKD and HD groups, with no significant
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Table 2. Characteristics of study participants

CKD HD p
(min-max) (min-max)

Age, years 72+12(39-87) 63*11(45-82) 0.01
Education, years 13+4 (2-21) 13+x1(11-16) 0.8
Years on dialysis N/A 2.2%2.3(0.3-10)
URR, % N/A 71+ 4 (65-82)
CKD status
Stage IIT 16 (67) N/A
Stage IV 8 (33) N/A
Stage V N/A 27 (100)
Ethnicity 0.2
African-American 10 (42) 17 (63)
Caucasian 9 (38) 5(19)
Other 5(21) 5(19)
Traditional cardiovascular risk factors
Hypertension 24 (100) 24 (89) 0.2
Diabetes 16 (67) 14 (52) 0.4
Hyperlipidemia 6 (25) 5(19) 0.7
Systolic BP

mm Hg 142 %16 145%17 0.6
Diastolic BP

mm Hg 74+ 15 77+13 0.4
Emerging cardiovascular risk factors
PO, mg/dl 3.8+0.8 54%1.0 <0.001
Ca X PO, 334%6.7 48.0*+11.0 <0.001
PTH;, ng/l 128.1 £80.8 3459 £269.7 <0.001

HD = Hemodialysis; CKD = chronic kidney disease (stage III-
IV); URR = urea reduction ratio; PO, = serum phosphate; Ca X
PO, = calcium phosphate product; PTH; = parathyroid hormone
(intact).

difference in proportion of these factors between groups.
The HD group had significantly higher PO4, Ca X PO,
product, and PTH;. There were no differences between
the groups for blood pressure (table 2). Overall, the HD
group was adequately dialyzed, with an average 3-month
URR of 71 * 4% and no subject having less than 65%.
Both groups had a prevalence of coronary artery disease
(58% CKD, 37% HD), congestive heart failure (33% CKD,
22% HD) and peripheral arterial disease (21% CKD, 19%
HD). There was no significant difference in prevalence
between groups for CAD, CHF, and PAD. Hemoglobin
levels were significantly different between CKD and HD
groups (12.1 * 1.6 vs. 11.4 £ 1.0, p = 0.04, respectively),
and none were <10 g as per the exclusion criterion. He-
moglobin level was not found to significantly affect cog-
nitive performance on the given tasks. The CKD group
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had a significantly higher TSH level than the HD group
(2.3 £ 21vs.14 * 0.8, p=0.05).

Raw Scores versus Published Norms

The raw scores compared with the published norms
(PN) for the CKD and HD groups are presented (table 3).
All subjects scored =28 on MMSE. In the CKD group,
subjects scored significantly lower on 4 of 5 measures of
attention and processing speed. In the domain of execu-
tive function, CKD subjects scored significantly lower
than published norms on all measures. In the CKD group,
only 1 of 4 measures of memory was significantly lower
than the published norms. In the HD group, subjects
scored significantly lower on all measures for each cogni-
tive domain versus the published norms.

T Scores for Individual Tests: CKD versus HD

In order to compare groups, T scores for each neuro-
psychological test were calculated and reported (table 4).
HD subjects scored significantly lower than CKD sub-
jects on 3 of 5 measures of attention and processing speed
and all measures of language. CKD subjects scored sig-
nificantly lower than HD subjects on one test of executive
function. There was no significant difference between the
groups for measures of memory. When the T scores were
adjusted for hypertension, diabetes, hyperlipidemia,
CAD, CHF, PAD, POy, Ca x PO, PTH; and TSH, sig-
nificant differences between the groups remained (data
not shown). For the HD group, time since the last dialysis
was not significantly associated with performance on the
cognitive tests.

Composite T Scores and Prevalence of Impairment by

Domain: CKD versus HD

HD subjects had significantly lower composite T
scores in the domains of attention and processing speed
and language (34 = 5vs.40 * 7,p<0.01,and 39 * 7vs.
47 * 9,p<0.01, respectively). The proportion of subjects
with attention and processing speed impairment was sig-
nificantly greater in the HD compared with the CKD
group (59 vs. 25%, p = 0.01). The prevalence of executive
function impairment was high in both groups (30 and
25%). Memory impairment was least prevalent among
HD patients and present in 13% of those with CKD (ta-
ble 4).

Prevalence and Subtype of MCI

A flow chart of the prevalence and subtype of MCI is
presented (fig. 1). Of those subjects with MCI, 26% (10 of
39) met the criteria for amnestic MCI and all but 1 of
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Table 3. Raw scores on cognitive function tests versus published norms

Test CKD HD
raw PN p raw PN p
MMSE 289%x1.2 28.1x1.8
Attention and processing speed
Trails A 59.5%£24.2 472*11.6 0.03 64.7 248 39.5%8.8 <0.001
Digit Span 129%24 152%0.8 <0.001 124£3.3 159%0.8 <0.001
SDMT 29.8x8.7 325%95 0.3 29.1x7.6 41.1x10.1 <0.001
Stroop Word 78.1x13.5 97.6x8.6 <0.001 68.4x11.7 99.1x2.7 <0.001
Stroop Color 45.8+8.1 71.5%*4.38 <0.001 499=*11.6 73.1%22 <0.001
Executive function
Short Category Test 434%83 314%x29 <0.001 38.3+13.8 31.5x2.7 0.02
Trails B 157.5%56.8 115.6£33.0 0.005 169.6 £93.6 92.8+26.8 <0.001
Stroop Color-Word 20.6*+4.4 329%6.5 <0.001 214%77 351%32 <0.001
Language
FAS 30.3%x12.1 359=*6.1 0.05 254%9.9 39.6 4.2 <0.001
Animal naming 15.6+4.0 16.8x2.2 0.2 13.2+42 183x22 <0.001
Memory
CVLT total recall 345%85 36.4%6.0 0.4 33.7%x74 40.5*5.8 <0.001
CVLT short delay recall 6.1£3.2 74%14 0.08 59%37 8.1%1.1 0.006
CVLT long delay recall 6.7%£2.8 7.8%13 0.09 6.6%X3.3 85%1.0 0.008
CVLT long delay recognition 125%25 14.0£0.2 0.007 123+%23 14.0£0.0 <0.001

HD = Hemodialysis; CKD = chronic kidney disease; PN = published normative value.
Scores are reported as mean * SD.
Trails A, SDMT, Digit Span, STROOP Word n = 23 CKD, n = 27 HD; SCT n = 18 CKD, n = 27 HD.
STROOP Color, STROOP Color-Word n =22 CKD, n = 26 HD; Trails Bn =22 CKD, n = 27 HD.
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39 0of 51 (76%)

CKD

15 of 24 (63%)

~

el

Amnestic
3 0f 15 (20%)

~~

Non-amnestic
12 of 15 (80%)

I
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24 of 27 (89%)

e

Amnestic
7 of 24 (29%)

~~

Non-amnestic
17 of 24 (71%)

ﬁk—lﬁ‘—\

/—‘—\/—k—l

Single domain
amnestic MCI
10f3(33%)

Multiple domain
amnestic MCl
2 of 3 (67%)

Single domain
non-amnestic
Mcl
20f12(17%)

Multiple domain
non-amnestic
MCclI
10 of 12 (83%)

Single domain
amnestic MCI
0 of 7 (0%)

Multiple domain
amnestic MCl
7 of 7 (100%)

Single domain
non-amnestic
MCI
30f 17 (18%)

Multiple domain
non-amnestic
McCl
14 of 17 (82%)

Fig. 1. Mild cognitive impairment by subtype. Diagnostic criteria:
Amnestic MCI single domain was defined as 21.5 SD below the
norm on delayed recall composite score. Amnestic MCI multiple
domain was defined as >1.5 SD below the norm on delayed recall
composite score and 2 tests 21.5 SD below the norm in any one
domain other than memory. Non-amnestic MCI single domain
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was defined as 2 tests >1.5 SD below the norm in any one domain
other than memory. Non-amnestic MCI single domain was de-
fined as 2 tests 21.5 SD below the norm in any one domain other
than memory and 1 test 21.5 SD below the norm in an additional
domain other than memory.
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Table 4. Cognitive function scores and prevalence of impairment by group

Test T score Impaired
CKD HD p CKD HD p
Attention and processing speed 40.0£7.1 34.0%5.2 0.001 6 (25) 16 (59) 0.02
Trails A? 41.8*16.8 32.1%x11.7 0.02
Digit Span® 45.0*6.4 425+74 0.2
SDMT® 46.4*11.6 36.0*£10.2 0.001
Stroop Word® 37.0+9.8 283+7.6 0.001
Stroop Color® 29.1+7.7 31.0+8.9 0.4
Executive function 402x7.7 389%7.3 0.5 6(25) 8 (30) 0.8
Short Category Test* 39.9£7.0 46.5%12.6 0.05
Trails B? 40.2*+15.7 33.0x13.7 0.09
Stroop Color-Word® 38.5+6.7 36.8+7.3 0.4
Languageb 46.6£8.8 38.9+6.7 <0.001 2(8) 8 (30) 0.08
FAS 45.1*11.0 38.9%x8.2 0.03
Animal naming 48.3x11.0 38.9%£10.9 0.004
Memory* 45.7+9.1 427482 0.2 3(13) 4(15) 0.9
CVLT total recall 48.3%+10.6 43.2%82 0.06
CVLT short delay recall 46.7+£11.5 428+11.3 0.2
CVLT long delay recall 46.9+10.4 447%9.6 0.4
CVLT long delay recognition 40.8+t13.2 39.8+124 0.8

HD = Hemodialysis; CKD = chronic kidney disease (stage III-IV).

Scores are reported as mean * SD. Impairment recorded as n (%).

Trails A, SDMT, Digit Span, STROOP Word n = 23 CKD, n =27 HD; SCT n = 18 CKD, n = 27 HD.
STROOP Color, STROOP Color-Word n = 22 CKD, n = 26 HD; Trails B n = 22 CKD, n = 27 HD.

@ Age-adjusted. ® Age- and education-adjusted (T scores).

these had multiple domain involvement. The remaining
74% (29 of 39) were characterized as having non-amnestic
MCI, of whom 83% (24 of 29) had multiple domain in-
volvement.

Traditional and Emerging Cardiovascular Risk

Factors: MCI versus Non-MCI

No significant differences were found between the
groups with MCI and without MCI or between MCI sub-
types for PO, level, Ca X PO, product, PTH; level, TSH
level, measured blood pressure or history of hyperten-
sion, diabetes, and hyperlipidemia, CAD, CHF, and PAD
(data not shown).

Discussion

In our CKD and HD outpatients with normal global
cognitive function and no history of dementia, stroke or
neurodegenerative disease, a high prevalence of neuro-
psychological deficits was detected compared to norma-
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tive samples. Examination of clinically meaningful defi-
cits with significant impairment meeting the criteria for
MCI revealed that these deficits were most common in
non-memory domains. These results are supported by an
earlier study of HD patients without a clinical history of
dementia or stroke where cognitive dysfunction was pri-
marily subcortical in nature with a relative sparing of
cortical domain function [24].

MCl is a transitional state between normal cognition
and the earliest clinical features of dementia. Amnestic
and non-amnestic subtypes have been identified based
on specific domain involvement with each subtype influ-
encing the subsequent development of Alzheimer’s or
vascular dementia [25]. For example, amnestic MCI has
been established as a prodrome of Alzheimer’s disease,
whereas non-amnestic MCI more frequently predicts the
development of vascular dementia.

A high prevalence of MCI was identified in the overall
group and among HD patients versus CKD patients with
a preponderance of cases classified as non-amnestic MCI.
Itis noteworthy that even among the amnestic MCI cases,
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all but 1 subject also had non-memory deficits. In fact,
most of our MCI cases had multiple non-amnestic do-
main involvement, which has been shown to increase the
risk of developing vascular dementia and increase the
risk of mortality versus amnestic MCI [25]. Although all
patients had a normal MMSE, their profile of neuropsy-
chological deficits are likely to affect planning, sequenc-
ing, organization, and mental flexibility all of which are
required for independence in activities of daily living and
compliance with complex medical regimens. Because
subcortical vascular dementia secondary to cerebral
small vessel disease has a relatively insidious onset with
gradual cognitive decline often associated with non-
memory domains, relying on routine neuropsychological
instruments that require memory deficit for diagnosis
could underdiagnose non-amnestic deficits, increasing
the renal patient’s risk for treatment non-compliance and
failure. Early detection of non-amnestic deficits charac-
teristic of cerebral small vessel disease may provide an
opportunity for interventions aimed to slow disease pro-
gression, such as more vigorous control of blood pressure,
dyslipidemia, and other metabolic perturbations as well
as cognitive therapy. Future trials should then be de-
signed to evaluate the efficacy of interventions to slow the
progression of MCI to overt dementia.

When compared to CKD patients, our HD patients
scored significantly lower on several measures of atten-
tion and mental processing speed and language with no
significant change on any measure of memory between
groups. Impairments in the domains of attention and
processing speed, executive function, and language with
a relative preservation of memory is reminiscent of the
cognitive changes associated with the early manifesta-
tions of vascular dementia secondary to small vessel cere-
brovascular disease [26]. This pattern of cognitive deficit
has been associated with manifestations of cerebral small
vessel disease such as white matter lesions [27-31]. A po-
tential link between kidney disease and subcortical cog-
nitive deficits comes from evidence that albuminuria has
been associated with executive function deficits and vol-
ume of white matter hyperintensities [32]. Subcortical
white matter lesions are highly prevalent in advanced
CKD and associated with renal disease severity [7]. Sig-
nificantly lower measures of subcortical cognitive func-
tion in the HD group versus the CKD group, despite com-
parable memory scores, suggests that worsening cogni-
tive deficits related to small vessel disease may parallel
the progression of renal disease.

In our patients, the limited number of traditional and
emerging cardiovascular risk factors identified was not
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found to be associated with the lower cognitive scores in
the HD group compared with the CKD group. These car-
diovascular risk factors were equally prevalent between
patients with and without MCI. However, mechanisms
for cognitive deficits characteristic of cerebral small ves-
sel disease among CKD and HD patients may involve the
cumulative effect of multiple vascular risk factors. As re-
nal function declines, levels of nitric oxide synthase in-
hibitor asymmetric dimethyl-L-arginine increase, sup-
pressing the synthesis of nitric oxide [33]. Nitric oxide is
an inhibitor of vascular smooth muscle cell proliferation,
platelet aggregation, and a potent vasodilator. Endothe-
lial dysfunction resulting from reduced nitric oxide pro-
duction in cerebral small vessels may contribute to the
development of chronic ischemic damage of subcortical
structures. Endothelial dysfunction has been associated
with white matter hyperintensities in older adults and
with a decrease in vasodilatory capacity of the cerebral
cortex [34]. Cerebral small vessel damage is likely to be
exacerbated in patients with advancing CKD through in-
creased levels of inflammation [35], advanced glycation
end products [36, 37], and oxidant stress [38] that occur
as renal function deteriorates. In patients receiving HD,
frequent and repetitive hypotensive episodes during
treatment may cause further damage to ischemia-sensi-
tive frontal-subcortical circuits because small vessel arte-
riosclerosis, calcification, and nitric oxide deficiency may
likely interfere with normal mechanisms of autoregula-
tion and preservation of blood flow to these important
anterior cerebral structures. The significantly decreased
carotid blood flow that appears to improve following a
single dialysis treatment and the decreased cerebral oxy-
genation that has been reported in HD patients are not
yet fully understood [39]. In patients with advancing kid-
ney disease, cumulative small vessel damage with subse-
quent damage to subcortical white matter structures may
lead to early subcortical cognitive deficits. Even though
our patients had no clinical history of stroke, significant
underlying cerebrovascular disease cannot be excluded
since neuroimaging was not available. The observed non-
amnestic deficits may be an indicator of underlying cere-
brovascular damage since kidney disease has been shown
to independently predict subclinical brain infarcts [40].
As renal function deteriorates and patients require HD,
the cognitive deficits are likely to progress and ultimately
result in overt vascular dementia.

The strength of our study is that a relatively healthy
group of CKD and HD patients with no clinical history
of dementia, stroke or neurodegenerative disease was
evaluated, allowing us to identify a profile of cognitive
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deficits that may be helpful in determining the future
progression to dementia. We also required that all pa-
tients had hemoglobin levels >10 g, normal liver function
tests, and adequate dialysis in order to eliminate these
confounders as causes of cognitive impairment. Never-
theless, our study had a relatively small number of sub-
jects and other limitations. For example, while stroke was
excluded by history and medical record review, imaging
was not available. In addition, all of our subjects were
male which limits generalization of our findings to fe-
male patients. Another possible limitation may have been
in the diagnosis of MCI based on neurocognitive scores
in the absence of a subjective clinical complaint of mem-
ory or cognitive decline.

In conclusion, we found evidence of significant cogni-
tive impairment in CKD and HD outpatients with nor-

mal global cognitive function and no history of stroke or
neurodegenerative diseases. These impairments were
predominantly in non-memory domains, thus indicating
a potential vascular etiology. In patients with advanced
CKD, amnestic MCI may precede overt dementia and be
underdiagnosed with routine screening measures such as
the MMSE. Early recognition of MCI prior to the devel-
opment of overt dementia may provide an opportunity to
intervene and slow the progression of disease.
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