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RIGINAL INVESTIGATIONS
athogenesis and Treatment of Kidney Disease

Albuminuria and Dementia in the Elderly: A Community Study

Joshua I. Barzilay, MD,1,2 Annette L. Fitzpatrick, PhD,3 Jose Luchsinger, MD, MPH,4

Sevil Yasar, MD,5 Charles Bernick, MD,6 Nancy S. Jenny, PhD,7 and Lewis H. Kuller, MD, DrPH8

Background: Dementia is associated with microvascular disease of the retina. In this study, we
examine whether cognitive status (normal cognition, mild cognitive impairment, and dementia) is
associated with albuminuria, a microvascular disorder of the kidney.

Study Design: Cross-sectional analysis.
Setting & Participants: 2,316 participants from the Cardiovascular Health Cognition Study who

underwent brain magnetic resonance imaging and testing for albuminuria.
Predictor: Doubling of albuminuria.
Outcome: Dementia defined according to neuropsychological and clinical evaluation.
Measurements: Multinomial logistic modeling was used to estimate odds ratios (ORs) and 95%

confidence intervals (CIs) of dementia and mild cognitive impairment with doubling of albuminuria
compared with the odds with normal cognition.

Results: 283 participants (12.2%) had dementia, 344 (14.9%) had mild cognitive impairment, and
1,689 (72.9%) had normal cognition. Compared with participants with normal cognition, doubling of
albuminuria was associated with increased odds of dementia (OR, 1.22; 95% CI, 1.15 to 1.29).
Adjustment for prevalent cardiovascular disease and cardiovascular risk factors, lipid levels, C-reactive
protein level, estimated glomerular filtration rate, and apolipoprotein E-4 genotype attenuated this
association, but it remained statistically significant (OR, 1.12; 95% CI, 1.03 to 1.22). Mild cognitive
impairment was associated with albuminuria on unadjusted analysis, but not with adjustment for other
factors.

Limitations: Results are cross-sectional; causality cannot be imputed.
Conclusions: The odds of dementia increased in the presence of albuminuria. These findings

suggest a role of shared susceptibility for microvascular disease in the brain and kidney in older adults.
Am J Kidney Dis 52:216-226. © 2008 by the National Kidney Foundation, Inc.

INDEX WORDS: Albuminuria; elderly; dementia; mild cognitive impairment; magnetic resonance
imaging (MRI) brain.
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 icrovascular abnormalities are found in
the brains of people who die of dementia

reviewed in1,2). In patients with Alzheimer dis-
ase, the leading cause of dementia, abnormali-
ies include basement membrane thickening, lu-
inal narrowing, loss of pericytes, and increased

ermeability. In patients with vascular dementia,
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eported that retinal microvascular findings, eg,
rteriovenous nicking, focal arteriolar narrow-
ng, microaneurysms, and exudates, were associ-
ted with cognitive decline and dementia.3,4 All
hese findings support a role for cerebral micro-
ascular disease in the pathogenesis of dementia.
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Albuminuria and Dementia 217
Albuminuria, the excessive excretion of pro-
ein in urine, is a marker of renal microvascular
isease. It occurs most often in the presence of
ypertension and diabetes mellitus and is associ-
ted with increasing age, increased systolic blood
ressure, and increased levels of inflammation
actors.5 Many of these factors are present in
eople with dementia.2 In addition, pathological
xamination of kidneys in people with albumin-
ria showed many of the same capillary findings
ound in brain specimens of people with demen-
ia and retinal vascular disease.6 These findings
ed us to test the hypothesis that albuminuria is
ssociated on cross section with increased odds
f dementia.

METHODS
Participants in this study were from the CHS, an observa-

ional study of cardiovascular risk factors in adults aged 65
ears. Recruitment methods have been published.7 In brief, a
andom sample of community-living individuals derived
rom Medicare eligibility lists were invited to participate at 4
eld centers. A total of 5,201 participants were recruited in
989 to 1990. In 1992 to 1993, the fifth year of the study, 687
frican Americans were added to the study in the same
anner in 3 of the 4 centers. All participants gave informed

onsent on study entry.
All participants were examined annually at their clinic

ites through 1998 to 1999 (year 11 of the study) by using
he Modified Mini–Mental State Examination (3MSE)8

Table 1). For individuals who did not come to the clinic,
nterval cognitive information was obtained by using the
elephone Interview for Cognitive Status (TICS).9 Addi-

ional information about cognition was obtained from prox-
es using the Informant Questionnaire for Cognitive Decline
n the Elderly (IQ CODE)10 and from physicians for partici-
ants who died or were unable to fill out the 3MSE or TICS.
nformation regarding functional status was obtained by
sing activities of daily living and instrumental activities of
aily living by means of standardized questionnaires. The
resence of dementia was documented during medical record
eview of all deaths and cardiovascular events.

Participants also underwent baseline blood testing, car-
iac and carotid artery ultrasound testing, electrocardiogra-
hy, ankle-brachial index measurement, and completion of
edical history and clinical examination, as previously

escribed.7 Magnetic resonance imaging (MRI) of the brain
as completed in 1991 to 1994 and again in 1997 to 1999

or participants willing and able to undergo scanning. Apoli-
oprotein E-4 (ApoE-4) genotype was determined for partici-
ants providing consent for use of DNA. ApoE-4 is a
enotype heterozygote or homozygote for at least one copy
f ApoE-4.

heCognitionCohort andDefinitionofDementia

In 1998 to 1999, the Cardiovascular Health Cognition

tudy (CHCS) was assembled. It identified subjects with c
revalent dementia at the time of brain MRI in 1991 to 1994
nd those who subsequently developed dementia through
998 to 1999. Inclusion in the CHCS required completion of
3MSE at the time of MRI and ApoE-4 genotyping. The

Table 1. Tests Used to Determine Cognitive and
unctional Status at Baseline and During Follow-up in

the Cardiovascular Health Cognition Study

Screening Tests of Cognition
3MSE: At baseline examination, participants

completed the MMSE. Thereafter, the MMSE was
replaced by the 3MSE. The 3MSE samples a wider
range of cognitive abilities than the MMSE and
enhances the reliability and validity of the scores.
Components of the MMSE include short-term and
delayed recall and temporal and spatial orientation.
The MMSE and 3MSE are strongly related to age
and attained education.

TCIS: The TICS is a brief standardized test of
cognitive functioning developed for use in situations
in which in-person cognitive screening is impractical
or inefficient (eg, large-scale population screening,
epidemiological surveys, or patients who are unable
to appear in person for clinical follow-up). The test is
standardized and validated for use with English-
speaking adults aged 60 to 98 years. Research
showed that psychological data obtained over the
telephone are as reliable and valid as those
obtained through face-to-face interaction. The TICS
correlates highly with the MMSE. The TICS total
score provides a measure of global cognitive
functioning and can be used to monitor changes in
cognitive functioning over time.

IQ CODE: The IQ CODE is a short questionnaire
designed to assess cognitive decrease and
dementia in elderly people. The questionnaire is
filled out by a relative or friend who has known the
elderly person for 10 years or more. It has high
reliability and measures a single general factor of
cognitive decrease. It performs as well as other
tests of cognitive screening and correlates well with
other cognitive test results. It predicts dementia. It is
unaffected by attained education level.

Screening Tests of Functional Status
Activities of Daily Living: This test measures functions

performed during daily living, such as self-care
(feeding oneself, bathing, dressing, and grooming),
work, homemaking, and leisure.

Instrumental Activities of Daily Living: These activities
are not necessary for fundamental functioning, but
enable the individual to live independently within a
community. They are light housework, preparing
meals, taking medications, shopping for groceries or
clothes, using the telephone, and managing money.

Abbreviations: MMSE, Mini–Mental State Examination;
MSE, Modified Mini–Mental State Examination; TCIS,
elephone Interview for Cognitive Status; IQ CODE, Infor-
ant Questionnaire for Cognitive Decline in the Elderly.
ohort consisted of 3,608 individuals (Fig 1). Of these
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Barzilay et al218
ndividuals, 777 (21.6%) had died by 1998 to 1999. There
ere 1,741 white and 357 African American women, 1,282
hite and 212 African American men, and 16 of other races;
2% of white and 62% of African American subjects com-
leted the MRI examination. Participants who did not un-
ergo scanning (mainly because of refusal, inability to
omplete MRI, or MRI contraindications) had lower 3MSE
cores, were less educated, and had more clinical cardiovas-
ular disease than those who underwent scanning.11 Groups
id not differ with regard to prevalence of ApoE-4 genotype.
The 3,608 participants were divided into groups at high

nd low likelihood of having dementia based on cognitive
esting, changes in cognitive scores, nursing home admis-
ion, alive or dead status, and history of stroke. If a partici-
ant was alive in 1998 to 1999, high risk was defined as
MSE score less than 80 at 1 of the last 2 clinic visits, a
-point decrease in 3MSE score from the time of MRI to the
ime of last visit, TICS score less than 28, IQ CODE score
reater than 3.6, having an incident stroke, medical chart
eview with dementia as a diagnosis, or currently residing in
nursing home. If a participant died before 1998 to 1999, he
r she was considered to have a high likelihood of having
ad dementia if they had at least 1 of the following: 3MSE
core less than 80 within 2 years of death, greater than
-point decrease in 3MSE score from the year of MRI to the
ear closest to death, TICS score less than 28 or IQ CODE
core greater than 3.6 within 2 years of death, or diagnosis of
ementia in a medical record or history of incident stroke.
rior analysis showed that few cases of dementia are missed
y using this classification system of high versus low risk.12,13

In 3 clinic sites (in 1998 to 1999), all living high-risk
hite participants and all African American participants

because of their small sample size) were neuropsychologi-
ally evaluated for dementia (1,192 [44%] were classified as

Figure 1. Time line of the Cardiovascular Health Cog
MSE, Mini–Mental State Examination.
igh risk, including minorities; 1,492 [56%] of all whites, as A
ow risk). In 1 center (Pittsburgh, PA; n � 927), all partici-
ants underwent evaluation for dementia regardless of
hether they were considered at high probability for having
ementia. This was done to estimate “misses” in low-risk
articipants at the other 3 centers. Neuropsychological evalu-
tion consisted of tests of intelligence, memory, immediate
nd delayed recall, language, visual perception and construc-
ion, and executive functioning (tests are listed in Table S1,
hich is provided as supplementary material available with

his article at www.ajkd.org). Results were classified as
ormal or abnormal.13

The diagnosis of dementia was based on a deficit in
erformance in 2 or more cognitive domains that were of
ufficient severity to affect the participant’s activities of
aily living and a history of normal intellectual function
efore the cognitive decrease. An abnormal domain was
resent when results of at least 2 tests of the same domain
ere abnormal. A memory deficit was not required for the
iagnosis of dementia. Diagnosis was made by an adjudica-
ion committee of neurologists with expertise in dementia.
ear of onset for dementia was determined by using all
vailable data. Mild cognitive impairment (MCI) was de-
ned as cognitive impairment, especially memory deficit,
ithout dementia.14,15

After the decision of whether dementia was present,
lassification of the type of dementia was made before
nd after review of brain MRI results. There was a high
egree of correlation of classifications of type of demen-
ia both before and after reviewing MRI scans.14 Classifi-
ation of dementia type was based on several classifica-
ion systems (see Table 1 in13 for definitions of each set of
riteria). The diagnosis of probable Alzheimer disease
as made following the National Institute of Neurologi-

al and Communicative Diseases and Stroke (NINDS)/

tudy. Abbreviations: MRI, magnetic resonance imaging;
nition S
lzheimer’s Disease Related Disorders Association clas-

http://www.ajkd.org
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Albuminuria and Dementia 219
ification system16 and required the participant to show a
radual cognitive decrease without history or evidence of
nother illness that could cause mental impairment. There
ould be no evidence of a focal central nervous system
esion based on clinical or radiological examinations.
ossible Alzheimer disease used the same criteria as
robable Alzheimer disease, but with evidence of other
oncomitant diseases that may have caused cognitive
ecrease (eg, depression, hypothyroidism, head injury,
lcoholism, central nervous system infection, and cerebro-
ascular disease). Vascular dementia was diagnosed based
n clinical and/or radiological evidence of cerebral infarc-
ions contributing to dementia. The State of California
lzheimer’s Disease Diagnostic and Treatment Centers17

nd the NINDS Association Internationale pour la Recher-
he et Enseignement en Neurosciences18 criteria primar-
ly were used for these diagnoses. Classification based on
lzheimer’s Disease Diagnostic and Treatment Centers

riteria includes more vascular dementia than the NINDS-
ssociation Internationale pour la Recherche et Enseigne-
ent en Neurosciences criteria because MRI data are

elied on more heavily. MRI infarcts were defined as an
rea of abnormal signal in a vascular distribution that
acked a mass effect.19 An infarct was considered “silent”
f there was no history of stroke or transient ischemic
ttack at baseline or on follow-up. Only infarcts of 3 mm
r greater were included in analyses (reproducibility was
ow for lesions � 3 mm). Infarcts of the cortical gray and
eep nuclear regions had to be brighter than on spin
ensity and T2-weighted images than normal gray matter.
nfarcts in white matter were similarly defined, except
hey had to be hypointense on T1 images to distinguish
rom diffuse white matter disease. White matter changes
ere estimated by using the total extent of periventricular

nd subcortical white matter signal abnormality on spin-
eighted images, graded from none/barely present (0 or
) to almost all white matter involved (grade 9). Prior
HS analyses showed that a high white matter score was
n independent predictor of incident clinical stroke.20

hen elements of both Alzheimer disease and vascular
ementia were present, the diagnosis of mixed dementia
as made. For these analyses, individuals with mixed
ementia were included in the vascular dementia group.

lbuminuria Testing

Of CHCS participants alive in 1996 to 1997, a total of
,389 had albuminuria tested on a random morning urine
ample. Albuminuria testing was not done at the time of
ntry into the main CHS study. Urinary albumin was mea-
ured by means of rate nephelometry using the Array 360 CE
rotein Analyzer (Beckman Instruments, Fullerton, CA).
rinary creatinine was measured on a Kodak Ektachem 700
nalyzer (Kodak, Rochester, NY). Participants with less

han 30 mg of albumin/g creatinine were defined as having
ormoalbuminuria. Those with 30 mg of albumin/g creati-
ine or greater were defined as having albuminuria.

tatisticalMethods

The �2, t-test, and nonparametric methods were used, as

ppropriate, to compare baseline parameters between those b
ith and without albuminuria and among those with normal
ognition, MCI, and dementia. Multinomial logistic regres-
ion was used to test the association of doubling of albumin-
ria in those with mild cognitive impairment and dementia
ompared with those with normal cognition. Models were
djusted for: (1) age, sex, race, and education; (2) history of
oronary heart disease, stroke, hypertension, diabetes, and
moking; serum cholesterol, low-density lipoprotein choles-
erol, and C-reactive protein levels; and estimated glomeru-
ar filtration rate; and (3) ApoE-4 genotype. Cox propor-
ional hazards regression models were constructed to assess
he association of albuminuria with incident cases of demen-
ia after urine collection in 1997 through follow-up in 1999.
nalyses were performed using SPSS, version 14.0 (SPSS

nc, Chicago, IL).

RESULTS

Of 3,608 participants in the CHCS, 3,229
89.6%) were alive at the time of albuminuria
esting (Fig 1). Of these, 840 participants did not
ndergo albuminuria testing, leaving 2,389 par-
icipants for analysis. Participants who did not
ndergo albuminuria testing were older (75.7 �
.3 versus 74.4 � 4.8 years; P � 0.001) and
ore likely to be women (66.3% versus 58.3%;
� 0.001) than those who underwent testing.

hey were similar in distribution of race and
revalences of hypertension and diabetes.

tudyCohort

There were 356 cases of dementia in the 2,389
HCS participants who underwent albuminuria

esting (Fig 1). The 73 cases of dementia de-
ected before the time of brain MRI (1991 to
994) were excluded from analyses. This left
83 cases of incident dementia occurring during
992 to 1999; a total of 96 detected from the time
f MRI until before albuminuria testing (1992
hrough 1995), 141 in 1996 and 1997 at the time
f albuminuria testing, and 46 in 1997 through
999 after albuminuria testing. During this same
eriod, 344 cases of MCI were detected, whereas
,689 participants retained normal cognition.
Of the 73 prevalent cases of dementia re-
oved from analysis, 18 (24.7%) had albumin-

ria on subsequent testing in 1996 to 1997. Of
40 participants who did not undergo albumin-
ria testing, 161 (19.5%) had incident dementia
nd 165 (20.0%) had MCI. Of 379 who died, 36
9.5%) had incident dementia when assessed

efore death, and 68 (17.9%) had MCI.
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Barzilay et al220
aseline Factors

Of 2,389 CHCS participants with albuminuria
esting, 445 (18.6%) had albuminuria. The distri-
ution of participant baseline characteristics by
lbuminuria status (presence of albumin excre-
ion � 30 mg/g creatinine) is listed in Table 2.
ompared with individuals without albuminuria,
articipants with albuminuria were older and
ere more likely to be men; have a history of
iabetes, hypertension, or both; have lower renal
unction; and use angiotensin-converting en-
yme inhibitors. They also were more likely to
ave MCI and dementia.
Compared with subjects without cognitive im-

airment (Table 3), participants with dementia
ere older, were more likely to be nonwhite, had

Table 2. Selected Characteristics of Participants
Categorized by the

Characteristic

No
Albuminuria
(n � 1,871)

ge (y)
�75 664 (35.5)
76-80 733 (39.2)
�80 474 (25.3)

ex
Women 1,129 (60.3)
Men 742 (39.7)
ace
White 1,585 (84.7)
Nonwhite 286 (15.3)
istory of diabetes*
Normal 1,494 (82.0)
Impaired fasting glucose 114 (6.3)
Diabetes 215 (11.8)
istory of hypertension*
Normal 777 (41.7)
Borderline 236 (12.7)
Hypertension 851 (45.7)
ypertension without diabetes* 705 (38.2)
CE-inhibitor use (%) 12.7
ean creatinine (mg/dL) 0.97 � 0.22
ean eGFR (mL/min/1.73 m2) 80.3 � 21.3
ognition status
Normal 1,407 (75.2)
Mild cognitive impairment 267 (14.3)
Dementia 197 (10.5)

Note: Values expressed as number (percent) or mean
reater. eGFR based on the Modification of Diet in Renal D
ultiply by 88.4; GFR in mL/min/1.73 m2 to mL/s/1.73 m2, m
Abbreviations: ACE, angiotensin-converting enzyme; eG
*Numbers do not add up to 2,316 because of missing dat
ower attained educational level, and had more m
iabetes and atherosclerotic vascular disease.
hey also had a greater prevalence of the ApoE-4
enotype, greater systolic blood pressure, lower
enal function, and were more likely to use
ngiotensin-converting enzyme inhibitors. They
lso had a lower body mass index and consumed
ess alcohol. Compared with participants with
ementia, participants with MCI were younger
nd were more likely to be nonwhite; have less
vidence of cardiovascular disease, lower preva-
ence of Apo-E4 genotype, and less albuminuria;
nd use more antihypertension medications.

ssociationofAlbuminuriaWithDementia
ndMCI

Compared with participants who retained nor-

Cardiovascular Health Cognition Study Cohort
ce of Albuminuria

Albuminuria
(n � 445)

Total
(n � 2,316) P

�0.001
130 (29.2) 794 (34.3)
150 (33.7) 883 (38.1)
165 (37.1) 639 (27.6)

�0.001
227 (51.0) 1,356 (58.5)
218 (49.0) 960 (41.5)

0.3
372 (83.6) 1,957 (84.5)
73 (16.4) 359 (15.5)

�0.001
266 (62.1) 1,760 (78.2)
34 (7.9) 148 (6.6)

128 (29.9) 343 (15.2)
�0.001

98 (22.1) 875 (37.9)
41 (9.2) 277 (12.0)

305 (68.7) 1,156 (50.1)
210 (48.2) 915 (40.1) �0.001

22.2 14.6 �0.001
1.10 � 0.37 0.99 � 0.26 �0.001
72.4 � 25.9 78.8 � 22.5 �0.001

�0.001
282 (63.4) 1,689 (72.9)
77 (17.3) 344 (14.9)
86 (19.3) 283 (12.2)

. Albuminuria defined as 30 mg albumin/g creatinine or
Study equation. To convert creatinine in mg/dL to �mol/L,
by 0.01667.

timated glomerular filtration rate.
ecific characteristic.
in the
Presen

� SD
isease
ultiply

FR, es
a for sp
al cognition (reference value), albuminuria was
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Table 3. Selected Characteristics of Participants in the Cardiovascular Health Cognition Study Cohort
Categorized by Cognitive Status

Characteristic
Dementia
(n � 283)

Mild Cognitive
Impairment
(n � 344)

No Cognitive
Impairment
(n � 1,689) P

ge (y) �0.001
�75 41 (14.5) 100 (29.1) 653 (38.7)
76-80 102 (36.0) 119 (34.6) 662 (39.2)
�75 140 (49.5) 125 (26.3) 374 (22.1)

ex 0.4
Women 167 (59.0) 190 (55.2) 999 (59.1)
Men 116 (41.0) 154 (44.8) 690 (40.9)
ace �0.001
White 228 (80.6) 208 (60.5) 1,521 (90.1)
Nonwhite 55 (19.4) 136 (39.5) 168 (9.9)

ducation �0.001
� high school 96 (33.9) 118 (34.3) 308 (18.3)
High school graduate 71 (25.1) 108 (31.4) 492 (29.2)
Some college 55 (19.4) 63 (18.3) 446 (26.5)
College graduate 61 (21.6) 55 (16.0) 439 (26.1)

moking status 0.1
Never 136 (48.7) 141 (41.8) 821 (49.5)
Former 126 (45.2) 166 (49.3) 725 (43.7)
Current 17 (6.1) 30 (8.9) 114 (6.9)

lcohol use (drinks/wk) �0.001
0 195 (69.1) 215 (62.9) 871 (51.8)
1-3 62 (22.0) 88 (25.7) 531 (31.6)
�4 25 (8.9) 39 (11.4) 279 (16.6)

ody mass index (kg/m2) �0.001
�25 138 (50.4) 136 (39.9) 573 (34.2)
25-29.9 92 (33.6) 144 (42.4) 761 (45.4)
�30 44 (16.1) 61 (17.9) 342 (20.4)
ypertension 137 (48.6) 188 (54.8) 831 (49.4) 0.2
iabetes 53 (19.6) 61 (18.7) 229 (13.9) 0.009
oronary heart disease 86 (30.4) 80 (23.3) 373 (22.1) 0.009
troke 37 (13.1) 26 (7.6) 73 (4.3) �0.001
ransient ischemic attack 17 (6.0) 14 (4.1) 49 (2.9) 0.02
ongestive heart failure 36 (12.7) 44 (12.8) 102 (6.0) �0.001
nkle-brachial index �0.001
�1.0 197 (72.2) 258 (78.7) 1,395 (85.0)
1.0-0.9 29 (10.6) 35 (10.7) 133 (8.9)
�0.9 47 (17.2) 35 (10.7) 114 (6.9)

poE-4 genotype 81 (33.5) 84 (26.8) 332 (21.3) �0.001
ody mass index (kg/m2) 25.7 � 4.7 26.6 � 4.7 26.9 � 4.4 �0.001

MT-common (mm) 1.11 � 0.23 1.09 � 0.21 1.04 � 0.21 �0.001
MT-internal (mm) 1.57 � 0.65 1.40 � 0.55 1.36 � 0.51 �0.001
ystolic blood pressure (mm Hg) 139.7 � 22.5 137.5 � 21.5 135.4 � 20.5 0.01
iastolic blood pressure (mm Hg) 69.3 � 12.5 70.1 � 10.7 69.7 � 10.9 0.7
CE inhibitor use (%) 18.4 18.6 13.1 0.005
ny antihypertensive use (%) 57.6 66.0 55.8 0.002
reatinine (mg/dL) 1.04 � 0.32 1.02 � 0.29 0.98 � 0.24 �0.001
holesterol (mg/dL) 201.8 � 43.4 202.4 � 40.8 200.4 � 38.6 0.7
DL cholesterol (mg/dL) 129.3 � 39.3 128.7 � 35.7 127.3 � 31.6 0.6
DL cholesterol (mg/dL) 53.1 � 15.1 54.0 � 15.0 53.3 � 14.1 0.7
asting glucose (mg/dL) 108.3 � 36.3 109.5 � 36.5 104.8 � 28.4 0.02

nsulin (�U/mL) 12.7 � 11.9 15.9 � 34.9 13.0 � 18.1 0.07
-Reactive protein(mg/L) 4.2 � 5.0 5.4 � 8.7 4.7 � 8.2 0.2
GFR (mL/min/1.73 m2) 74.9 � 24.4 78.5 � 23.3 79.6 � 21.9 �0.001
lbuminuria (mg/g creatinine) 105.6 � 592.2 83.0 � 365.1 50.9 � 260.9 0.02

Note: Values expressed as number (percent) or mean � SD. All values are from the baseline examination performed in
989 to 1991. To convert creatinine in mg/dL to �mol/L, multiply by 88.4; serum cholesterol, LDL cholesterol, and HDL
holesterol in mg/dL to mmol/L, multiply by 0.02586; glucose in mg/dL to mmol/L, multiply by 0.05551; insulin in �U/mL to
mol/L, multiply by 7.175; eGFR in mL/min/1.73 m2 to mL/s/1.73 m2, multiply by 0.01667.
Abbreviations: IMT, intimal medial thickness; ApoE-4, apolipoprotein E-4; ACE, angiotensin-converting enzyme; LDL,
ow-density lipoprotein; HDL, high-density lipoprotein; eGFR, estimated glomerular filtration rate.
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ssociated with increased odds of dementia (Table
). As a continuous variable, there was an unad-
usted odds ratio (OR) of 1.22 (95% confidence
nterval [CI], 1.15 to 1.29) of dementia with
very doubling of albuminuria. Adjustment for
emographic and cardiovascular disease and
isk factors and for the ApoE-4 genotype attenu-
ted this association, but it remained statisti-
ally significant (OR, 1.13; 95% CI, 1.04 to
.23). When albuminuria was categorically
efined, a statistically significant fully adjusted
elationship with dementia likewise was found
OR, 1.58; 95% CI, 1.09 to 2.30). When these
nalyses were repeated in participants without
iabetes or without hypertension, similar results
ere obtained, although the association of albu-
inuria with dementia and MCI was strongest in

hose without hypertension (Table S2, provided
s supplementary material available with this
rticle at www.ajkd.org).

To further gauge the association of albumin-
ria with dementia, the 46 cases of dementia in

Table 4. Unadjusted and Adjusted Cross-sectional As
Mild Cognitive Impairment Usi

Cases/
Controls Unadjusted P

Adju
Dem

Fa

lbuminuria (log base 2) examined as a continuous variable§
Incident
dementia

283/1,689 1.22 (1.15-1.29) �0.001 1.16 (

Mild cognitive
impairment

344/1,689 1.10 (1.04-1.17) 0.001 1.06 (

lbuminuria examined as a categorical variable�
Incident
dementia

�0.001

�30 mg/g 197/1,407 1.00 (reference) 1.00 (
�30 mg/g 86/282 2.18 (1.64-2.89) 1.77 (

Mild cognitive
impairment

0.01

�30 mg/g 267/1,407 1.00 (reference) 1.00 (
�30 mg/g 77/282 1.44 (1.08-1.91) 1.24 (

Abbreviations: OR, odds ratio; CI, confidence interval; CV
*Model adjusted for demographics: age, sex, race (white
†Model includes demographics plus the presence of c

istory, serum cholesterol level, low-density lipoprotein cho
ltration rate.
‡Model includes demographics, CVD and lipid risk factor
§Log base 2-transformed continuous measure of albumin
�Albumin level categorized as albuminuria for �30 mg/

reatinine.
he cohort that occurred from the time of urine n
ollection in 1996 to 1997 until 1999 (mean
ollow-up, approximately 2.5 years) were ana-
yzed separately. Of these patients, 14 had albu-
inuria. Cox proportional hazards models (Table
3, provided as supplementary material avail-
ble with this article at www.ajkd.org) showed a
tatistically significant association of albumin-
ria (as a continuous variable) with the presence
f dementia compared with the association of
lbuminuria with normal cognition in unadjusted
nalysis and with adjustment for demographic
actors (relative risk, 1.30; 95% CI, 1.08 to 1.58).
imilar results were obtained when albuminuria
as examined categorically (relative risk, 1.96;
5% CI, 1.03 to 3.74). Owing to small numbers,
urther adjustments were not performed.

With regard to MCI (Table 4), there was a
tatistically significant association with doubling
f albuminuria compared with those with normal
ognition on unadjusted analysis (OR, 1.10; 95%
I, 1.04 to 1.17). With further adjustments, the
ssociation of albuminuria with MCI became

ion Between Albuminuria and Odds of Dementia and
ltinomial Logistic Regression

OR (95% CI)

c
P

Further
Adjusted for
CVD & Lipid

Risk Factors† P

Further
Adjusted for

ApoE-4‡ P

3) �0.001 1.14 (1.06-1.24) 0.001 1.13 (1.04-1.23) 0.03

3) 0.08 1.05 (0.98-1.14) 0.2 1.04 (0.96-1.13) 0.3

�0.001 0.006 0.02

e) 1.00 (reference) 1.00 (reference)
0) 1.64 (1.15-2.32) 1.58 (1.09-2.30)

0.2 0.5 0.7

e) 1.00 (reference) 1.00 (reference)
9) 1.13 (0.80-1.60) 1.07 (0.74-1.54)

diovascular disease; ApoE-4, apolipoprotein E-4.
ite), and years of education.
heart disease, stroke, hypertension, diabetes, smoking

l level, C-reactive protein level, and estimated glomerular

ApoE-4 phenotype.
milligrams/gram of creatinine.
atinine and normoalbuminuria (reference) for �30 mg/g
sociat
ng Mu

sted for
ographi
ctors*

1.08-1.2

0.99-1.1

referenc
1.31-2.4

referenc
0.92-1.6

D, car
/nonwh
oronary
lestero

s, plus
uria in

g of cre
onsignificant (OR, 1.04; 95% CI, 0.96 to 1.13).

http://www.ajkd.org
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Albuminuria and Dementia 223
imilar findings were obtained when albumin-
ria was examined as a categorical variable.

ssociationofAlbuminuriaWithDementia Type

To further examine the association of demen-
ia with albuminuria, dementia was divided into
ts 2 main categories: Alzheimer dementia and
ascular dementia. As a continuous variable,
oubling of albuminuria was associated with a
tatistically significant increase in odds of vascu-
ar dementia on adjusted analysis (OR, 1.17;
5% CI, 1.12 to 1.23) compared with normal
ognition (Table 5). There was a borderline asso-
iation of albuminuria with Alzheimer disease
OR, 1.10; 95% CI, 0.98 to 1.22). When these
nalyses were repeated with albuminuria as a
ategorical variable, similar results were ob-
ained. As an example of the association of
lbuminuria with an MRI factor used to define
ementia, the odds of having an increased white
atter score (ie, �3) was examined (see Table

Table 5. Unadjusted and Adjusted Cross-sectional
Disease and Vascular Dementia U

Cases/
Controls Unadjusted P

Adjus
Demo

Fac

lbuminuria (log base 2) examined as a continous variable§
Alzheimer
disease

152/1,689 1.13 (1.04-1.23) 0.004 1.05 (0.

Vascular
dementia

120/1,689 1.30 (1.20-1.41) 0.001 1.24 (1.

lbuminuria examined as a categorical variable�
Alzheimer
disease

0.03

�30 mg/g 116/1,407 1.00 (reference) 1.00 (re
�30 mg/g 36/282 1.55 (1.04-2.30) 1.27 (0.

Vascular
dementia

�0.001

�30 mg/g 76/1,407 1.00 (reference) 1.00 (re
�30 mg/g 44/282 2.89 (1.95-4.28) 2.32 (1.

Note: Cases of dementia not related to Alzheimer diseas
Abbreviations: OR, odds ratio; CI, confidence interval; CV
*Model adjusted for demographics: age, sex, race (white
†Model includes demographics plus the presence of c

istory, serum cholesterol level, low-density lipoprotein cho
ltration rate.
‡Model includes demographics, CVD and lipid risk factor
§Log base 2-transformed continuous measure of albumin
�Albumin level categorized as albuminuria for �30 mg/

reatinine.
4 in the Supplementary Data with this article at p
ww.ajkd.org for baseline characteristics of the
ohort categorized by white matter score). As
isted in Table 6, doubling of albuminuria was
ssociated significantly with an increased OR of
ncreased white matter score. When albuminuria
as defined categorically, similar results were ob-

ained, although adjustment for ApoE-4 genotype
ttenuated the significance of this association.

DISCUSSION

In this study of older adults, a statistically
ignificant cross-sectional association between
ncreasing albuminuria and dementia was found.
his association remained significant after adjust-
ent for factors that associate with dementia,

uch as hypertension, diabetes, and prevalent
ardiovascular disease. The association of albu-
inuria and dementia may be explained by the
any anatomic microvascular similarities found

n brains of people with dementia and kidneys of

iation Between Albuminuria and Odds of Alzheimer
ultinomial Logistic Regression

OR (95% CI)

P

Further
Adjusted for
CVD & Lipid

Risk Factors† P

Further
Adjusted for

ApoE-4‡ P

) 0.3 1.08 (0.98-1.20) 0.1 1.10 (0.98-1.22) 0.1

) �0.001 1.22 (1.10-1.36) �0.001 1.17 (1.12-1.23) 0.01

0.3 0.2 0.1

) 1.00 (reference) 1.00 (reference)
) 1.40 (0.88-2.24) 1.45 (0.89-2.37)

�0.001 0.003 0.02

) 1.00 (reference) 1.00 (reference)
) 2.09 (1.28-3.40) 1.86 (1.09-3.15)

scular dementia are not included in analysis.
diovascular disease; ApoE-4, apolipoprotein E-4.
ite), and years of education.
heart disease, stroke, hypertension, diabetes, smoking

l level, C-reactive protein level, and estimated glomerular

ApoE-4 phenotype.
milligrams/gram of creatinine.
atinine and normoalbuminuria (reference) for �30 mg/g
Assoc
sing M

ted for
graphic
tors*

96-1.16

13-1.35

ference
84-1.93

ference
54-3.50

e or va
D, car

/nonwh
oronary
lestero

s, plus
uria in

g of cre
eople with albuminuria. Aside from these simi-
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Barzilay et al224
arities, functional factors common to both condi-
ions also may explain why these conditions
oexist. For example, people with albuminuria
ave impaired autoregulation of glomerular filtra-
ion,21 whereas people with dementia have im-
aired regulation of cerebrovascular flow.1 Also,
lbuminuria and dementia may be related through
actors not measured in this study, such as in-
reased levels of oxidative stress.22,23

When the association of albuminuria with de-
entia was categorized by dementia type, the

trongest association was with vascular demen-
ia. The association with Alzheimer dementia
as of borderline statistical significance. This

uggests that the association of albuminuria with
ementia is mainly through vascular mecha-
isms. Although this may be so, studies showed
hat microvascular disease exists in patients with
lzheimer dementia, and it often is difficult to

ccurately differentiate between these 2 types of
ementia. As such, our results are broadly appli-
able to the syndrome of dementia and not spe-
ific to dementia type.

MCI, a transitional phase between normal
ognitive function and dementia,15 was associ-
ted with increasing albuminuria on unadjusted

Table 6. Unadjusted and Adjusted Cross-section
Disease (>grade 3) as Measured in 1992 to 1

Multivariate L

Cases/
Controls Unadjusted P

Adju
Dem

Fa

lbuminuria
(log base
2)

715/1,582 1.12 (1.07-1.17) �0.001 1.09 (

lbuminuria
(mg/g)

�0.001

�30 542/1,312 1.00 (reference) 1.00 (
�30 173/270 1.55 (1.25-1.92) 1.40 (

Note: Albuminuria shown as continuous variable (log
reatinine) and categorical variable (albuminuria [albumin
g/g]) as the reference).
Abbreviations: OR, odds ratio; CI, confidence interval; CV
*Model adjusted for demographics: age, sex, race (white
†Model includes demographics plus the presence of c

istory, serum cholesterol level, low-density lipoprotein cho
ltration rate.
‡Model includes demographics, CVD and lipid risk factor
nalysis and with adjustment for demographic l
actors. Further adjustment for cardiovascular
isease, cardiovascular risk factors, and the
poE-4 genotype made this association statisti-

ally nonsignificant. This latter finding may be
nderstood in 2 ways. First, MCI is a heteroge-
eous disorder, perhaps more strongly associated
ith Alzheimer disease than vascular dementia.
econd, it may be that MCI, as an initial phase of
ognitive decrease, is more strongly related to
raditional cardiovascular disease risk factors that
nitiate cognitive decrease and less so to factors
hat appear later on.

To our knowledge, there are no other studies
f the association of albuminuria with dementia.
n the prior CHS study, which examined the
ssociation of microvascular retinal disease with
ementia,4 participants with retinopathy had an
R of 2.10 (95% CI, 1.04 to 4.24) for dementia.

n the ARIC Study,3 which examined a younger
iddle-aged cohort, ORs varied from 1.91 to

.60. The somewhat greater association of micro-
ascular eye lesions with dementia compared
ith our renal microvascular findings (OR, 1.49;
5% CI, 1.02 to 2.19 for albuminuria with albu-
in � 30 mg/g) may be caused by differences in

tudy methods. Also, albuminuria is not a patho-

ociation Between Albuminuria and White Matter
Brain Magnetic Resonance Imaging Using
Regression

OR (95% CI)

r
ic

P

Further
Adjusted for
CVD & Lipid

Risk Factors† P

Further
Adjusted for

ApoE-4‡ P

4) 0.001 1.07 (1.01-1.13) 0.02 1.06 (1.00-1.13) 0.04

0.003 0.04 0.08

e) 1.00 (reference) 1.00 (reference)
5) 1.30 (1.01-1.68) 1.26 (0.97-1.64)

rmed base 2 continuous measure in milligrams/gram of
mg/g] compared with normoalbuminuria [albumin � 30

diovascular disease; ApoE-4, apolipoprotein E-4.
ite), and years of education.
heart disease, stroke, hypertension, diabetes, smoking

l level, C-reactive protein level, and estimated glomerular

ApoE-4 phenotype.
al Ass
993 by
ogistic

sted fo
ograph
ctors*

1.04-1.1

referenc
1.12-1.7

transfo
� 30

D, car
/nonwh
oronary
lestero
ogical diagnosis compared with the eye studies,
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Albuminuria and Dementia 225
n which direct examination of eye vessels is
vailable.

Limitations of our results should be noted. Our
esults are cross-sectional. Causality cannot be
mputed. Results of the small subcohort that was
xamined prospectively are consistent with our
ross-sectional analyses. Second, our inability to
stablish when albuminuria had its onset makes
t impossible to establish a temporal association
f albuminuria with dementia onset. Owing to
his uncertainty, we included cases of dementia
hat occurred both before and after the period of
rine testing. Last, the CHCS examined a healthy
ubpopulation of the CHS. As such, our results
ay be conservative estimates.
What are the implications of our findings?

irst, they suggest that albuminuria increases the
ikelihood that dementia is present or will de-
elop. Analysis of the Third National Health and
utrition Examination Survey (NHANES)

howed the prevalence of albuminuria to in-
rease from 14.6% at age 60 to 69 years to 32.7%
t 80 years and older.24 A large pool of older
dults therefore is at risk of having or developing
ementia in association with albuminuria. Sec-
nd, our results suggest the possibility that treat-
ents that decrease albuminuria, such as angio-

ensin-converting enzyme inhibitors/blockers,
ay have a salutary impact on the development

f dementia. Results of several prospective stud-
es will test this hypothesis.25 Third, the associa-
ion of albuminuria with dementia may help
xplain in part why conditions associated with
lbuminuria, such as diabetes mellitus, also are
ssociated with increased risk of dementia.26

ast, nephrologists often are called upon to man-
ge patients with albuminuria. To date, the focus
f dementia evaluation and management for the
ephrology community has been in dialysis pa-
ients. Recent work from the CHCS showed that
ognitive decrease can appear with moderate
enal decrease.27 Our study extends these find-
ngs to an earlier stage of renal disease because
lbuminuria often is present before the decrease
n glomerular function.
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