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ABSTRACT

Objective: We tested the hypothesis that impaired kidney function in the elderly is associated with
a more rapid rate of cognitive decline.

Methods: Baseline serum was used to calculate estimated glomerular filtration rate (eGFR), using
the Modification of Diet in Renal Disease formula, for 886 elderly without dementia participating
in the Rush Memory and Aging Project, a prospective, observational cohort study. Kidney function
was also dichotomized into impairment or no impairment based on eGFR � or �60 mL/min/1.73
m2. Structured cognitive testing was performed at baseline and at annual evaluations, using a
battery of 19 cognitive tests summarized into global cognition and 5 cognitive domains.

Results: In mixed-effects models adjusted for age, sex, and education, a lower eGFR at baseline
was associated with a more rapid rate of cognitive decline (estimate 0.0008, SE �0.001, p �

0.017). The increased rate of cognitive decline associated with a 15-mL/min/1.73 m2 lower
eGFR at baseline (approximately 1 SD) was similar to the effect of being 3 years older at baseline.
Impaired kidney function at baseline was associated with a more rapid rate of cognitive decline
(estimate �0.028, SE �0.009, p � 0.003). The increased rate of cognitive decline associated
with impaired kidney function at baseline was approximately 75% the effect of ApoE4 allele on the
rate of cognitive decline. Baseline kidney function was associated with declines in semantic memory,
episodic memory, and working memory but not visuospatial abilities or perceptual speed.

Conclusion: Impaired kidney function is associated with a more rapid rate of cognitive decline in
old age. Neurology® 2009;73:920 –927

GLOSSARY
AD � Alzheimer disease; BMI � body mass index; CRN � creatinine; eGFR � estimated glomerular filtration rate.

Kidney function decreases with age and is common in the elderly.1-3 There is growing evidence
that even mild decreased kidney function is associated with an increased risk of cardiovascular
and cerebrovascular events.3-6 Recent cross-sectional studies also suggest that impaired kidney
function is associated with cognitive impairment in the elderly.7-9 However, there have been
few longitudinal studies examining the association of impaired kidney function with the course
of cognitive decline, and results from studies that have been reported are conflicting.10,11

To test the hypothesis that impaired kidney function is associated with a more rapid rate of
cognitive decline, we used data from more than 850 older participants without dementia in the
Rush Memory and Aging Project.12,13 Linear mixed-effect models were used to examine the
associations of baseline kidney function with baseline level and annual rate of change in global
cognition. Kidney function was assessed with a continuous measure, estimated glomerular
filtration rate (eGFR), and a dichotomized measure of kidney function (not impaired if eGFR
�60 mL/min/1.73; impaired if eGFR �60 mL/min/1.73 m2). In secondary analyses, we

e-Pub ahead of print on August 5, 2009, at www.neurology.org.

From the Rush Alzheimer’s Disease Center (A.S.B., P.A.B., R.C.S., S.E.L., D.A.B.), Department of Neurological Sciences (A.S.B., S.E.L., D.A.B.),
Department of Behavioral Science (P.A.B.), and Department of Family Medicine (R.C.S.), Rush University Medical Center, Chicago, IL; and
Department of Neurology (D.T.), Sheba Medical Center, Tel Hashomer, Israel.

Supported by the National Institute on Aging grants R01AG17917 and R01AG24480, the Illinois Department of Public Health, and the Robert C.
Borwell Endowment Fund.

Disclosure: Author disclosures are provided at the end of the article.

Address correspondence and
reprint requests to Dr. Aron S.
Buchman, Rush Alzheimer’s
Disease Center, Rush University
Medical Center, Armour
Academic Facility, Suite 1038,
600 South Paulina St., Chicago,
IL 60612
Aron�S�Buchman@rush.edu

Supplemental data at
www.neurology.org

Editorial, page 916

ARTICLES

920 Copyright © 2009 by AAN Enterprises, Inc.



considered covariates that might influence the
association of kidney function and cognition.
Finally, we examined whether the association
of kidney function and cognition varied
among 5 different cognitive abilities.

METHODS Participants. All participants were from the
Rush Memory and Aging Project, recruited from more than 40
residential facilities across the metropolitan Chicago area. Partici-
pants agreed to annual testing and blood draw at baseline and signed
an anatomic gift act for autopsy at the time of death.12 Each person
underwent a uniform structured clinical evaluation, which included
medical history, neurologic examination, and cognitive testing. An-
nual follow-up evaluations were identical in all essential details to
the baseline examination. The study began in 1997, and the overall
follow-up rate is approximately 95% of survivors. Because of the
rolling admission and mortality, the duration of follow-up and
number of examinations varies across participants. Further, because
the collection of serum was not added until 2002, eGFR could only
be calculated on a subset of participants. To maintain the temporal
relation between measures of eGFR and cognitive testing, we in-
cluded the first serum creatinine (CRN) as the predictor and consid-
ered the cognitive testing obtained at that evaluation the “baseline”
for this study; all subsequent cognitive testing examinations avail-
able for each participant were used to estimate the rate of change in
cognition (mean 3.4 [SD 1.4] examinations/participant).

Inclusion in these analyses required 1) valid serum CRN, 2)
the absence of dementia based on clinical cognitive testing, and
3) 1 or more follow-up evaluations with cognitive data to calcu-
late change in cognition. At the time of these analyses, 1,062
participants had a valid serum CRN measure at baseline evalua-
tion, and of these, 83 had clinical dementia at their baseline
evaluation and 80 were not eligible for follow-up examination
(29 persons died before their first follow-up and 51 had not yet
reached their first follow-up). Of 899 who were eligible for
follow-up examination, 13 had missing follow-up, data yielding
a participation rate of �98%. This left 886 participants for the
following analyses with an average of 3.4 years of follow-up (SD
1.39 years, range 1–5 years). Their baseline characteristics and
cognitive testing are summarized in table 1.

Protocol approval, registration, and patient consents.
The study received approval from an ethical standards commit-
tee on human experimentation (Institutional Review Board
Rush University Medical Center). Written informed consent
was obtained from all participants.

Cognitive testing and diagnosis of dementia. Trained
technicians administered 19 cognitive tests as described previously,
from which a composite measure of global cognition and subscale
measures of episodic memory, semantic memory, working memory,
perceptual speed, and visuospatial abilities were constructed.13 The
individual tests and domain scores are provided in table 1. Clinical
diagnoses were made in a 3-step process. Cognitive testing was
scored by a computer and reviewed by a neuropsychologist to diag-
nose cognitive impairment. Then participants were evaluated by a
physician who used all cognitive and clinical data to classify persons
with respect to dementia, mild cognitive impairment, and no cogni-
tive impairment as previously described.14 Dementia required a history
of cognitive decline and evidence of impairment in at least 2 cognitive
domains.14 Diagnosis-specific cognitive testing scores are summarized in
table e-1 on the Neurology® Web site at www.neurology.org.

Kidney function. Serum CRN was determined using an
Olympus AU4500 instrument at Quest Laboratories (Wood

Table 1 Characteristics of the cohort at
baseline* (n � 886)

Age, y 80.6 (7.46)

Sex (% male) 223 (25.2%)

Education, y 14.4 (2.99)

Mini-Mental State Examination 27.9 (2.14)

eGFR1, mL/min/1.73 m2 59 (15.8)

Impaired kidney function 460 (51.9%)

Episodic memory (composite) 0.17 (0.67)

Word List Recall 17.3 (4.39)

Word List Delay 5.3 (2.41)

Word List Recognition 9.5 (1.22)

Immediate Story Recall 9.4 (1.80)

Delayed Story Recall 8.9 (2.19)

Logical Memory Ia 11.2 (4.44)

Logical Memory IIa 9.4 (4.76)

Semantic memory (composite) 0.12 (0.63)

Boston Naming 13.9 (1.30)

Reading Test 12.3 (3.11)

Verbal Fluency 33.0 (8.85)

Working memory (composite) 0.10 (0.72)

Digit Span Forward 8.2 (2.02)

Digit Span Backward 6.2 (2.00)

Digit Ordering 7.1 (1.61)

Perceptual speed (composite) 0.07 (0.79)

Symbol Digit 36.7 (10.80)

Number Comparison 23.9 (7.60)

Stroop Color Naming 18.2 (7.61)

Stroop Word Naming 49.4 (13.22)

Visuospatial abilities (composite) 0.12 (0.78)

Line Orientation 10.1 (3.17)

Progressive Matrices 10.1 (2.03)

BMI, kg/m2 27.3 (5.25)

Physical activity, h/wk 3.2 (3.62)

Social activity (composite) 2.6 (0.62)

Hemoglobin, mg/dL 13.3 (1.31)

Vascular diseases (sum) 0.4 (0.70)

Myocardial infarction 114 (12.9%)

Congestive heart failure 46 (5.9%)

Claudication 82 (9.3%)

Stroke 101 (11.4%)

Vascular risk factors (sum) 1.2 (0.80)

Smoking 356 (40.2%)

Diabetes 120 (13.5%)

Hypertension 563 (63.5%)

Depressive symptoms 1.2 (1.74)

Medications

Anticholinergics 346 (39.2%)

—Continued

Neurology 73 September 22, 2009 921



Dale, IL, USA) and was not recalibrated to be traceable by iso-
tope dilution mass spectrometry. CRN was used to estimate the
glomerular filtration rate (eGFR) using the 4-variable Modi-
fication of Diet in Renal Disease formula15,16: for white men,
eGFR � 186 � (CRN) � 1.154 � (age) � 0.203, and for
white women, eGFR is 0.742 the white male value for the
same CRN and age. For black participants, the white value is
multiplied by 1.212. Kidney function was dichotomized into
not impaired if eGFR �60 mL/min/1.73 m2 vs impaired if
eGFR �60 mL/min/1.73 m2.16

Comorbidities and other covariates. Sex and race was re-
corded at the baseline interview. Age in years was computed
from self-reported date of birth, and date of the baseline cogni-
tive examination. Education (reported highest grade or years of
education) was obtained at the time of the baseline cognitive
testing. Weight and height were measured and recorded at each
visit. Body mass index (BMI) was calculated as weight in kilo-
grams divided by height in meters squared. Hemoglobin was
measured using a Beckman/Coulter LH750 automated proces-
sor at Quest Laboratories, as previously described.17 Physical ac-
tivity was assessed using questions adapted from the 1985
National Health Interview Survey. Hours per week spent en-
gaged in each of 5 activities was calculated.12 Social activity was
based on the frequency of participation in 6 items involving
social interaction.18 We summarized vascular risk factors as the
sum of hypertension, diabetes mellitus, and smoking. Vascular
disease burden was the sum of myocardial infarction, congestive
heart failure, claudication, and stroke.12 Depressive symptoms
were assessed with the 10-item version of the Center for Epide-
miologic Studies–Depression Scale.12 At the baseline examina-
tion, participants receiving anticholinergics, antidepressants,
antipsychotic, anxiolytics, hypnotics, and antihypertensive med-
ications were identified using the Medi-Span® system (Medi-
Span, Inc., Indianapolis, IN).8

Statistical analyses. Pearson correlations were used to assess
the bivariate associations of kidney and cognitive function with
other covariates. The Wilcoxon rank sum test was used to com-
pare men and women. We used a series of linear mixed-effects
models to examine whether kidney function was related to the
rate of change in cognition during the study period.19 The initial
model included a term for both linear cognitive change (time in
years since baseline) as well as a quadratic term for quadratic
change in global cognition (time � time) as well as terms for
baseline eGFR, age, sex, and education and their interactions
with time and time � time. Because there were no significant
interactions between time � time with the terms for eGFR, age,
and education, we did not retain these quadratic interaction
terms in subsequent models. However, terms for sex � time �

time were included in those models in which there were signifi-
cant interactions (global cognition, episodic memory, and se-

mantic memory). The term for eGFR indicates its association
with baseline level of global cognition. The term eGFR � time
indicates the effect of a 1-mL/min/1.73 m2 lower eGFR at base-
line on the rate of cognitive decline. Next, we added terms for a
number of possible covariates that might confound the associa-
tion between eGFR and global cognition. We used both linear
and quadratic terms for BMI and hemoglobin, because both
high and low BMI or hemoglobin may be associated with ad-
verse health outcomes.17 We repeated the core model using di-
chotomized kidney function. Finally, we examined the relation
of both measures of baseline kidney function with the level and
rate of change of 5 cognitive subscales.13 Models were examined
graphically and analytically and assumptions were judged to be
adequately met.20 Programming was performed in SAS® (SAS
Institute Inc., Cary, NC).21

RESULTS Descriptive properties of baseline kidney
function and global cognition. The distribution of
eGFR was approximately normal, averaging 59 mL/
min/1.73 m2 (SD 15.8; Q1, Q3: 50, 68), and higher
values indicate better kidney function. eGFR was
higher in men and was related to age, hemoglobin,
physical activity, social activity, and vascular risk fac-
tors and diseases but not to education, BMI, or de-
pressive symptoms (table 2).

On average, global cognition was 0.12 (SD 0.52;
Q1, Q3: �0.24, 0.51). Global cognition was related
to age (r � �0.27, p � 0.001) and education (r �
0.40, p � 0.001); women had higher levels of global
cognition (t[884] � 2.63, p � 0.009).

Kidney function and the rate of change in global cog-
nition. We used a linear mixed-effect model to exam-
ine the association of eGFR and the rate of change of
global cognition. On average, global cognition
showed both linear decline (time: coefficient
�0.079, SE 0.020, p � 0.001) and nonlinear decline
(time � time: coefficient �0.009, SE 0.002, p �

Table 1 Continued

Antidepressants 129 (14.6%)

Antipsychotics 15 (1.7%)

Anxiolytics 54 (6.1%)

Hypnotics 72 (8.1%)

Antihypertensive 345 (38.9%)

*Mean (SD) or number (percentage) as noted.
eGFR � estimated glomerular filtration rate; BMI � body
mass index.

Table 2 Correlations of kidney function (eGFR)
and other covariates*

Variable eGFR p Value

Sex† t�884� � 5.60 �0.001

Age r � �0.34 �0.001

Education r � 0.04 0.253

Body mass index r � �0.02 0.542

Hemoglobin r � 0.23 �0.001

Physical activity r � 0.07 0.040

Social activity r � 0.14 �0.001

Vascular risk
factors

r � �0.11 0.001

Vascular
diseases

r � �0.22 �0.001

Depressive
symptoms

r � �0.04 0.238

*Pearson correlation coefficients.
†t test.
eGFR � estimated glomerular filtration rate.

922 Neurology 73 September 22, 2009



0.001). eGFR was not associated with the baseline
level of global cognition (model 1, table 3). How-
ever, a 1-mL/min/1.73 m2 lower baseline eGFR was
associated with about an additional 0.001 unit/y de-
cline in global cognition, as indicated by the coeffi-
cient of the term eGFR � time (model 1, table 3).
Because baseline age was also associated with cogni-
tive decline in this model, we can contextualize the
size of the effect of baseline eGFR by comparing
the additional increase in the rate of cognitive decline
associated with baseline eGFR to the cognitive de-
cline associated with baseline age. Their respective
coefficients indicate that a 15-mL/min/1.73 m2 de-
crease in eGFR at baseline (approximately 1 SD) was
associated with an equivalent rate of cognitive de-
cline associated with a participant being 3 years older
at baseline (eGFR � time: 0.0008 � 15 mL �
age � time: �0.0040 � 3 years).

We repeated these analyses, adding terms to de-
termine whether the association of eGFR and global
cognition varied by demographic variables. No sig-
nificant interactions were found (results not shown).
After excluding participants with severely reduced
eGFR (�30 mL/min/1.73 m2, n � 29),16 eGFR re-

mained associated with cognitive decline (eGFR �

time: estimate 0.001, SE �0.001, p � 0.004).

Impaired kidney function and the rate of change in
global cognition. To examine the association of im-
paired kidney function and cognition, we repeated
our core model using dichotomized kidney function.
Impaired kidney function at baseline was not associ-
ated with level of global cognition (impaired kidney
function, model 2, table 3), but was associated with
the rate of change in global cognition (impaired kid-
ney function � time, model 2, table 3). The addi-
tional rate of cognitive decline associated with
impaired kidney function was approximately 75% of
the effect associated with the apoE4 allele genotype
(impaired kidney function � time: �0.028 vs
ApoE4 � time: �0.037). The effects of both kidney
function and apoE4 allele remained significant even
when considered together in a single model (results
not shown). Finally, a trichotomous classification of
impaired kidney function11 (moderate/severe impair-
ment �45 mL/min/1.73 m2, n � 153; mild impair-
ment �45 to �60 mL/min/1.73 m2, n � 307; and
no impairment �60 mL/min/1.73 m2, n � 426)
was also significantly related to cognitive decline (es-
timate �0.019, SE 0.006, p � 0.023).

Kidney function, other covariates, and the rate of
change in global cognition. Because other factors may
affect either kidney function or cognition, we re-
peated the core models (models 1 and 2, table 3),
adding terms for several possible confounders that
did not substantially affect the associations between
eGFR or impaired kidney function and cognitive de-
cline (table 3 and table e-2).

Because medications might affect cognitive func-
tion, we added terms for medications to model 1.
The association between eGFR and cognitive decline
was unchanged after including terms for anticholin-
ergics, antidepressants, antipsychotic, anxiolytics,
hypnotics, and antihypertensive medications in a sin-
gle model (GFR1 � time: estimate 0.0007, SE
0.0003, p � 0.026).

Kidney function and the rate of change in different
cognitive abilities. To examine whether kidney func-
tion was related to specific cognitive abilities, we re-
peated model 1 in table 3, replacing global cognition
with 5 cognitive abilities including episodic memory,
the hallmark of Alzheimer disease (AD), and 4 oth-
ers, including semantic memory, working memory,
perceptual speed, and visuospatial abilities. Baseline
eGFR was not associated with the level of cognitive
function in any of the 5 domains (table 4). However,
eGFR was related to the rate of change in episodic
memory, semantic memory, and working memory
but not perceptual speed or visuospatial abilities (ta-

Table 3 Impaired kidney function and rate of change in global cognition

Term

Model 1* Model 3†

Coefficient SE p Value Coefficient SE p Value

Age �0.020 0.002 �0.001 �0.018 0.002 �0.001

Age � time �0.004 0.001 �0.001 �0.004 0.001 �0.001

eGFR �0.0012 0.001 0.265 �0.0017 0.001 0.122

eGFR � time 0.0008 �0.001 0.017 0.0008 �0.001 0.015

Model 2* Model 4†

Coefficient SE p Value Coefficient SE p Value

Age �0.020 0.002 �0.001 �0.017 0.002 �0.001

Age � time �0.004 0.001 �0.001 �0.004 0.001 �0.001

Impaired kidney function 0.021 0.032 0.515 0.025 0.033 0.451

Impaired kidney function �
time

�0.028 0.009 0.003 �0.027 0.009 0.004

*Models 1 and 2 are based on linear mixed-effect models and show the estimates for the
cross sectional association of kidney function (estimated glomerular filtration rate �eGFR�

or dichotomized kidney function) with the level of global cognition as well as their associa-
tion with the rate of change in cognitive function (time). These models also included a linear
term (time in years since baseline) and quadratic term (time � time) for global cognitive
decline and adjusted for age, sex, and education and their interactions with time and a term
for the interaction of sex with time � time. The continuous measure eGFR is calculated from
age and serum creatinine via the Modification of Diet in Renal Disease formula. Impaired
kidney function is coded as impaired (1) if eGFR � 60 mL/min/1.73 m2 and as not impaired
(0) if eGFR � 60 mL/min/1.73 m2.
†Models 3 and 4 included all the terms listed above in models 1 and 2 but also included
terms to adjust for the following covariates and their interaction with time in a single model:
body mass index (BMI), BMI2, serum hemoglobin, serum hemoglobin2, physical activity, late-
life social activity, vascular risk factors, vascular diseases, and depressive symptoms. The
cross-sectional estimates for each of these terms and their interactions with time are in-
cluded in table e-2.
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ble 4). Similar results were obtained using impaired
kidney function (table 4).

DISCUSSION In a cohort of more than 850
community-dwelling older adults without dementia,
decreased level of eGFR or the presence of impaired
kidney function at baseline was associated with a
more rapid rate of cognitive decline. This association
between impaired kidney function and cognitive de-
cline persisted after excluding participants with se-
verely impaired function (eGFR �30 mL/min/1.73
m2). The association of kidney function and cogni-
tion persisted even after controlling several potential
confounders. Further analyses showed that kidney
function was related to specific cognitive abilities, in-
cluding episodic memory, semantic memory, and
working memory, but not perceptual speed or visuo-

spatial abilities. These findings suggest that there are
common pathophysiologic processes between kidney
dysfunction and brain dysfunction in the elderly.
From our studies, we cannot distinguish between the
existence of a pathophysiologic process affecting both
brain and kidney and a mechanism of brain injury
that is initiated by kidney disease.

Although there is a well-known association be-
tween severe kidney disease and cognitive impair-
ment, until recently less severe kidney dysfunction
has not been considered a risk factor for cognitive
impairment in the elderly. Rather, it was thought
that cardiovascular risk factors and diseases ac-
counted for many of the adverse health consequences
that occur concurrently with mild kidney
dysfunction.22-26 However, accumulating evidence

Table 4 Kidney function and rate of change for different cognitive abilities*

Cognitive
ability

eGFR Impaired kidney function

Term Coefficient SE p Value Term Coefficient SE p Value

Episodic
memory

Age �0.023 0.003 �0.001 Age �0.023 0.003 �0.001

Age � time �0.005 0.001 �0.001 Age � time �0.005 0.001 �0.001

eGFR �0.0008 0.0001 0.551 Impaired kidney function 0.008 0.043 0.855

eGFR � time 0.0008 0.0004 0.043 Impaired kidney function �
time

�0.023 0.011 0.042

Semantic
memory

Age �0.016 0.003 �0.001 Age �0.015 0.003 �0.001

Age � time �0.003 0.001 �0.001 Age � time �0.003 0.001 �0.001

eGFR �0.0002 0.0001 0.141 Impaired kidney function 0.032 0.040 0.430

eGFR � time 0.0001 0.0004 �0.001 Impaired kidney function �
time

�0.033 0.010 0.001

Working
memory

Age �0.009 0.003 0.006 Age �0.008 0.003 0.007

Age � time �0.003 0.001 �0.001 Age � time �0.003 0.001 �0.001

eGFR �0.0001 0.0002 0.444 Impaired kidney function 0.031 0.047 0.503

eGFR � time 0.0009 0.0004 0.032 Impaired kidney function �
time

�0.036 0.011 0.002

Perceptual
speed

Age �0.034 0.003 �0.001 Age �0.033 0.003 �0.001

Age � time �0.006 0.001 �0.001 Age � time �0.006 0.001 �0.001

eGFR �0.0001 0.0002 0.394 Impaired kidney function 0.030 0.049 0.538

eGFR � time 0.0004 0.0004 0.291 Impaired kidney function �
time

�0.017 0.012 0.146

Visuospatial
abilities

Age �0.012 0.003 �0.001 Age �0.011 0.003 �0.001

Age � time �0.004 0.001 �0.001 Age � time �0.004 0.001 �0.001

eGFR �0.0003 0.0002 0.055 Impaired kidney function 0.074 0.047 0.116

eGFR � time 0.0006 0.0005 0.218 Impaired kidney function �
time

�0.017 0.014 0.237

*The linear mixed-effect models described in table 3 (models 1 and 3) was repeated 5 times, replacing the outcome global
cognition with each of 5 different cognitive abilities for both measures of kidney function (glomerular filtration rate �eGFR�

or impaired kidney function). The interactions between both measures of kidney function and the rate of change of each of
the 5 cognitive abilities are shown. The continuous measure eGFR is calculated from age and serum creatinine via the
Modification of Diet in Renal Disease formula. Impaired kidney function is coded as impaired (1) if eGFR �60 mL/min/1.73
m

2
and as not impaired (0) if eGFR �60 mL/min/1.73 m2.
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suggests that after controlling for traditional vascular
risk factors, impaired kidney function is associated
with lower cognitive function.7-9 Cross-sectional
studies have observed a link between kidney function
and cognition; however, there are conflicting reports
about the course of cognitive decline with impaired
kidney function. Several longitudinal studies have re-
ported that moderate kidney disease is associated
with cognitive decline, but one recent study did not
find an association between kidney function and cog-
nitive decline over 5 years.10,11,27 The current study
supports findings from prior studies reporting a link
between kidney function and cognitive decline in el-
ders.10,27 Although the optimal screening for and
staging of kidney function in the elderly remain con-
troversial, more than half of the participants in the
current study had decreased kidney function.28,29

Further, the association between kidney function
and cognition was robust and persisted in analyses
using both a continuous and a dichotomized mea-
sure of kidney function as well as after adjusting for
chronic disorders and medications known to affect
kidney and cognitive functions. Given the paucity
of modifiable risk factors for age-related cognitive
decline, these results have important public health
implications because they suggest that impaired
kidney function is a risk factor for cognitive de-
cline in old age.

Importantly, previous studies that have examined
the association of kidney function with cognition
have used different cognitive screening instruments.
A novel feature of the current study is the availability
of a detailed cognitive battery that allows for an ex-
amination of the association of kidney function with
decline in 5 different cognitive systems.13 Some pre-
vious studies have suggested that kidney dysfunction
may preferentially affect executive cognitive func-
tion.11 In the current study, kidney function was re-
lated to decline of semantic memory and working
memory. Thus, these results provide some support
for the association of executive cognitive abilities and
kidney function, because working memory is a com-
ponent of executive function, and semantic memory
supports executive function. However, in this study,
kidney function was not related to the rate of change
in perceptual speed. Further, kidney function was re-
lated to change in episodic memory, often the earliest
sign of AD. Taken together, these findings may suggest
a more generalized association between kidney and cog-
nitive function in old age. Subclinical vascular disease in
the kidney and brain may account for the association of
cognitive dysfunction and decreased kidney function.
These results underscore the need to elucidate the biol-
ogy underlying the association of kidney function and
cognition in our aging population.

The basis for the relationship between kidney
function and cognition is uncertain. Although kid-
ney function may represent a true risk factor for cog-
nitive decline, declining kidney function and
cognition in the elderly may also derive from a com-
mon pathogenesis. Kidney dysfunction is associated
with the prevalence of traditional cardiovascular risk
factors such as elevations in homocysteine30,31 and
inflammatory and procoagulant biomarkers,32 which
are important biomarkers or mediators of cerebrovas-
cular disease which leads to impaired cognition.33

This is particularly true for executive cognitive func-
tions and working memory, but infarcts also are asso-
ciated with episodic memory impairments.34 Further
kidney dysfunction is associated with white matter
hyperintensities and silent infarctions and, although
our results persisted after adjustment for vascular risk
factors and diseases, it is possible that subclinical ce-
rebrovascular disease underlies the association of kid-
ney function and cognition in this study.35,36 Because
impaired kidney function is associated with anemia,
this may imply some degree of cerebral hypoxia,
which can also lead to decreased cognition.37 Eryth-
ropoietin has been reported to have neuroprotective
effects, so lower levels of erythropoietin in impaired
kidney function may lead to degeneration in cogni-
tive pathways.38 Finally, kidney dysfunction is associ-
ated with metabolic abnormalities such as
hyperparathyroidism, which may also contribute to
cognitive dysfunction.39 Further studies are needed
to determine the biologic basis for the association of
kidney function and cognition.

The current study has some limitations. First, we
did not have measures of inflammatory markers, di-
rect measures of kidney function, or measures of nu-
tritional status. Although we adjusted for common
health conditions, there is a possibility that subclini-
cal disease may also have contributed to cognitive
decline. Finally, our results are based on a selected
cohort that may differ in important ways from the
general population, underscoring the need to investi-
gate these findings in other cohorts. However, confi-
dence in these findings is enhanced by several factors.
Participants included a large number of older persons
initially free of dementia who were examined annu-
ally via detailed evaluations for up to 6 years, with
more than 90% follow-up participation in survivors.
Annual cognitive assessments included multiple tests
that allow for composite measures of global cogni-
tion, 5 cognitive systems, and investigation of cogni-
tive change over time.
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