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Albuminuria and Cognitive Decline in People with
Diabetes and Normal Renal Function

Joshua I. Barzilay, James F. Lovato, Anne M. Murray, Jeff Williamson, Faramaz Ismail-Beigi, Diane Karl,
Vasilios Papademetriou, and Lenore J. Launer

Summary
Background and objectives Diabetes mellitus is associated with increased risk of cognitive impairment. This
study examines whether microvascular disease, as measured by albuminuria and decline in estimated GFR
(eGFR), is associated with cognitive decline during 3.3 years of follow-up in individuals with diabetes with a
normal baseline eGFR (approximately 90 ml/min per 1.73 m2).

Design, setting, participants, & measurements Participants were from the Action to Control Cardiovascular Risk
in Diabetes Memory in Diabetes study (N=2977; mean age 62.565.8 years; recruitment from August 2003 to
December 2005, followed through June 2009), which examined the association of intensive versus standard
glucose control on cognitive function. Participants underwent three neuropsychologic tests at baseline, 20
months, and 40 months. Tests included information processing speed, verbal memory, and executive function.
Mixed-effects models were used to assess the association of albuminuria and eGFR on the percentage decline in
each test.

Results Participants with albuminuria at baseline and follow-up (persistent albuminuria) (25.8% [95% confi-
dence interval (CI), 27.3 to 24.2]) and participants with albuminuria at follow-up but none at baseline (pro-
gressive albuminuria) (24.1% [95%CI,25.6 to22.7]) had greater percentage declines on information processing
speed than participantswithout albuminuria at baseline and at follow-up (no albuminuria) (22.6% [95%CI,23.4
to 21.9]) (P=0.001 and P=0.10, respectively). There were borderline percentage changes in the test of verbal
memory (4.8% [95%CI, 2.4 to 7.1] and 4.7% [95%CI, 2.5 to 7.0] versus 7.1% [95%CI, 6.0 to 8.3];P=0.11 and P=0.08,
respectively). On logistic regression analysis, persistent albuminuria (odds ratio, 1.37 [95% CI, 1.09 to 1.72]) and
progressive albuminuria (odds ratio, 1.25 [95% CI, 1.02 to 1.56]) were associated with a $5% decline in infor-
mation processing speed scores but not with verbal memory or executive function performance. A 1 ml/min per
1.73 m2 per year eGFR decline had a borderline association with decline in tests of cognitive function.

Conclusions Persistent albuminuria and progressive albuminuria are associated with a decline in cognitive
function in relatively young individuals with diabetes with unimpaired eGFR. These findings do not rule out the
possibility of other processes causing cognitive decline.

Clin J Am Soc Nephrol 8: 1907–1914, 2013. doi: 10.2215/CJN.11321112

Introduction
Individuals with type 2 diabetes (DM) are at a 50%–

60% increased risk of cognitive impairment compared
with people without DM (1). They also develop cog-
nitive decline more rapidly and at an earlier age (2).
Identifying markers for very early cognitive decline
in people with DM before the onset of evident impair-
ment is therefore of interest and importance.

Moderate CKD (estimated GFR [eGFR] ,60 ml/min
per 1.73 m2) and end stage renal failure are associated
with an increased risk of cognitive impairment (3,4).
Davey et al. (5) recently examined cognitive function
in people with mild CKD (eGFR of approximately
78 ml/min per 1.73 m2). Those with a rapid decline
in eGFR of $3 ml/min per 1.73 m2 per year over 5
years had a greater risk of cognitive impairment than
those without such a decline. This finding not only

expanded the range of renal function associated with
cognitive impairment, but also suggested that dy-
namic markers of renal function, such as a decline
in eGFR, and not only levels of attained eGFR, are
important in determining cognitive decline.
Albuminuria is another marker of renal microvas-

cular disease. Its prevalence has increased over the
past 2 decades, owing to the increasing prevalence of
hypertension, diabetes, and obesity (6). In people with
DM, its prevalence reaches 37.6% by age 60–69 years
(7). We have shown that albuminuria, based on a sin-
gle measurement, is associated with an increased
prevalence and risk of cognitive impairment in peo-
ple with and without DM (8–10).
Recently, our understanding of the natural history

of albuminuria has changed. Unlike the paradigm of
the 1980s, which posited that albuminuria was a first

Due to the number of
contributing authors,
the affiliations are
provided in the
Supplemental
Material.

Correspondence:
Dr. Joshua Barzilay,
Kaiser Permanente of
Georgia, 3650 Steve
Reynolds Boulevard,
Duluth, GA 30096.
Email: joshua.
barzilay@kp.org

www.cjasn.org Vol 8 November, 2013 Copyright © 2013 by the American Society of Nephrology 1907

http://cjasn.asnjournals.org/lookup/suppl/doi:10.2215/CJN.11321112/-/DCSupplemental
http://cjasn.asnjournals.org/lookup/suppl/doi:10.2215/CJN.11321112/-/DCSupplemental
mailto:joshua.barzilay@kp.org
mailto:joshua.barzilay@kp.org


step in a committed process that inexorably leads to
renal failure, it is now known that albuminuria can be
dynamic. It can be stable, intermittent, progressive, or
remitting (hereafter called albuminuria status) (11,12).
How albuminuria status is associated with cognitive
change has not been studied.
In this study, we examine the association between

albuminuria status with performance on three tests of
cognitive function in a cohort of adults with DM whose
baseline eGFR level was approximately 90 ml/min per
1.73 m2. We further test whether decline in eGFR during
follow-up was an independent risk factor for cognitive im-
pairment. Participants for this analysis were from the Ac-
tion to Control Cardiovascular Risk in Diabetes Memory in
Diabetes (ACCORD MIND) study. It examined whether
intensive lowering of hemoglobin A1c (HbA1c) levels pre-
vents decline in cognitive function compared with standard
treatment of blood glucose levels. The study reported no
differences in cognitive outcomes between the two groups
(13).

Materials and Methods
ACCORD was a randomized, multicenter, 232 factorial

design trial of 10,251 participants with DM at risk for car-
diovascular disease (CVD) events (14). All participants
were enrolled in the glycemia trial, which compared a
therapeutic strategy targeted to a glycated HbA1c level
of ,6.0% with a strategy that targeted an HbA1c level of
7.0%–7.9%. The primary study outcome was the time to
the first occurrence of a major cardiovascular event, the
composite of nonfatal myocardial infarction, nonfatal
stroke, or cardiovascular death. The lipid trial (54% of
the cohort) compared the masked administration of pla-
cebo or fenofibrate to persons taking simvastatin, whose
LDL was ,100 mg/dl. This substudy tested the hypothe-
sis that lowering triglycerides and raising HDL cholesterol
on the background of the LDL level ,100 mg/dl lowers
CVD outcomes. The BP trial included the other 46% of
participants and compared a therapeutic strategy targeted
to a systolic BP (SBP) of ,120 mmHg to one targeting
,140 mmHg for CVD outcomes. The glycemia and lipid
studies reported no benefit for intensive interventions
(13,15). The BP study reported no benefit either, except
for the prevention of stroke (16). All participants signed
informed consent upon entry into the main ACCORD trial
and all study sites obtained institutional review board per-
mission for study participation. The study was conducted
in accordance with the Declaration of Helsinki (Clinical-
Trials.gov NCT00182910).
ACCORD MIND was an ancillary study to ACCORD

(17). It consisted of 2977 ACCORD participants, recruited
from August 2003 through December 2005 and followed
through June 2009. Its primary objective was to determine
whether intensive versus standard glucose therapy slowed
deterioration of cognitive function (specifically the Digit Sym-
bol Substitution Test [DSST]) over 40 months of follow-up.
Secondary outcomes were to determine whether intensive
BP control and lowering of triglycerides and raising HDL
cholesterol slowed the rate of DSST decline compared with
standard treatment. To achieve these aims, there were at least
350 participants in each of the eight cells of the ACCORD

randomization scheme (glucose intensive versus standard
subgrouped by BP and lipid assignment groups). To account
for a 15% loss to follow-up,.350 participants were recruited
for each cell. Power calculations for arriving at these esti-
mates were previously published (17,18).
Cognition was assessed at baseline (within 45 days of

randomization), 20 months, and 40 months after random-
ization using a 30-minute battery that included standardized
tests sensitive to changes in memory, information processing
speed, and executive function, and that had been validated in
older persons andwas available in a Spanish version. The test
selection was based on tests used previously as part of a large
multicenter magnetic resonance imaging study of vascular
determinants of brain lesions (19). Quality of testing was
ensured through training, certification, and monitoring. In-
clusion criteria were willingness to participate in a 5-year
study, age $55 years, and English or Spanish as a primary
language. Exclusion criteria were preexisting conditions
that could interfere with participation (e.g., dementia, sub-
stance abuse, recent stroke) or nonskin cancer within the
past 5 years. Participants had to have a creatinine level
,1.5 mg/dl at entry into the ACCORD study and the
MIND substudy.
The DSST is a measure of psychomotor speed and perfor-

mance (20,21). It is calculated as the total number of test items
correctly coded in 90 seconds, with a maximum possible score
of 90. Other cognitive outcomes were verbal memory and
executive function. Verbal memory was measured with the
Rey Auditory Verbal Learning Test (RAVLT) (22), and is re-
ported as the average number of words recalled (0–15) over
the immediate, short, and delayed recall trials. Executive
function was measured with the modified Stroop test (23)
and is reported as the interference score; a higher score is
indicative of worse function. A baseline DSST was obtained
for 2957 participants (99%); 94% had at least one (20- or 40-
month) follow-up and were included in the final analysis.
Completion rates for the RAVLT (baseline of 2977; 2744 with
at least one follow-up test [93.2%]) and Stroop (baseline of
2941; 2732 with at least one follow-up examination [92.9%])
tests were similar. The Mini Mental State Examination
(MMSE) (24), a screening test for dementia, was also admin-
istered to compare our cohort with other cohorts in terms of
baseline cognition. It was not considered a study outcome.
Albuminuria was defined as $30 mg albumin per gram

creatinine in a spot urine sample. Owing to the small num-
ber of participants with macroalbuminuria, albuminuria
was not dichotomized into microalbuminuria and macro-
albuminuria. Participants were categorized by the pres-
ence or absence of albuminuria at baseline and on at
least one test at follow-up. Participants with albuminuria
at baseline and on all three follow-up urine tests had per-
sistent albuminuria. Those with no albuminuria at baseline
and on the three follow-up urine tests had no albuminuria.
Participants with no albuminuria at baseline who had al-
buminuria on at least one follow-up test were progressors.
Those with albuminuria at baseline but none on follow-up
were remitters. The eGFR was calculated using the
Chronic Kidney Disease Epidemiology Collaboration
equation (25).
Baseline covariates were age, race/ethnicity, sex, level of

highest attained education, body mass index (BMI), duration
of DM, smoking status, number of alcoholic drinks consumed
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per day, lipid levels, BP, and prior CVD events. Depression
was assessed using the Patient Health Questionnaire. A
value of $10 is consistent with depression. The number of
severe hypoglycemic episodes (in which the participant
reported receiving medical care or assistance from another
individual and either a documented blood glucose ,50
mg/dl [2.8 mmol/L] or recovery with carbohydrate
treatment) was recorded.
Participant characteristics are summarized as means6 SDs

and percentages. To test the association of the albuminuria
status with cognitive function, mixed-effects models were
used that incorporated information from baseline and from
the 20-month and 40-month outcome measures (26). This
approach uses all available outcome data to adjust for pos-
sible bias resulting from missing data at the 40-month ex-
amination in the estimation of the 40-month difference.
Contrasts were used to test the hypothesis of no difference
between albuminuria status groups. Model 1 adjusts for
baseline cognitive measure, a visit effect, albuminuria sta-
tus, and an albuminuria status by visit interaction. Model 2
further adjusts for age, sex, race, and education. Model 3
adds secondary prevention status, hypertension status, sys-
tolic BP, smoking status, BMI, eGFR, and a term for the ran-
domized intervention groups as covariates. Mean baseline
values of covariates were used. Model 4 adds baseline
eGFR and change in eGFR over 40 months.
Logistic regression models were done to examine the

associations of albuminuria status and change in eGFR
with tests of cognition. Modeling was done in the following
steps: model 1, unadjusted; model 2, age, race, sex, alcohol,
education; model 3, variables in model 2 plus BMI, baseline
SBP, and LDL cholesterol and history of CVD; and model 4,
variables in model 3 plus baseline eGFR and change in
eGFR over 40 months.
In sensitivity analyses, an indicator variable for having

had a hypoglycemic event requiring assistance during
the trial period was added to model 4 to see to what
extent a hypoglycemic event affected the relationship
between albuminuria status and change in DSST or
RAVLT scores.
Analyses were conducted with SAS 9.2 software (SAS

Institute, Cary, NC).

Results
Baseline and Follow-Up Characteristics
Compared with participants with no albuminuria (57.1%

of the cohort), those with persistent albuminuria (15.9%)
were older, were more likely to be male and African American,
and were more likely to have higher SBP, BMI, longer
duration of DM, and more CVD (Table 1). Characteristics
of the remitters (12.5%) and progressors (14.5%) varied
somewhat from those with persistent albuminuria. Remit-
ters were more likely than the other three albuminuria
group to be in the intensive BP arm of the ACCORD Blood
Pressure Study. All four groups had on average pre-
served renal function (eGFR approximately 90 ml/min
per 1.73 m2). After adjustment for age, depression, and
education status, participants with persistent albuminuria
had the poorest performance on tests of cognition at base-
line, whereas those with no albuminuria had the best
levels.

Participants without albuminuria had greater decreases
in mean and median eGFR over follow-up compared with
the other albuminuria groups. The mean eGFR decline was
,1 ml/min per 1.73 m2 per year in all albuminuria groups.
Participants with no albuminuria had fewer hypoglycemic
events than the other three albuminuria groups.

Longitudinal Change in Cognition by Albuminuria Status
Participants with persistent albuminuria had a statisti-

cally significant percentage decline in DSST scores over 40
months compared with those with no albuminuria (25.8%
[95% confidence interval (CI), 27.3 to 24.2] versus 22.6%
[95% CI, 23.4 to 21.9]; P=0.001) (Table 2 and Supplemen-
tal Table 1). Participants with progressive albuminuria
had a decline in DSST score (24.1% [95% CI, 25.6 to 22.7])
approaching statistical significance compared with those
without any albuminuria (P=0.10). Both of these albuminuria
groups had trends toward a decline in RAVLT scores (P=0.11
and P=0.08, respectively), but little change in Stroop scores.
Remitters had cognition scores similar to participants without
albuminuria.

Factors Independently Associated with ‡5% Decline in
DSST Score
On unadjusted analysis, persistent albuminuria and

progressive albuminuria were each significantly associated
with a $5% decline in DSST score, with odds ratios (ORs)
of 1.47 (95% CI, 1.20 to 1.86) and 1.31 (95% CI, 1.05 to 1.62),
respectively (Table 3; full model in Supplemental Table 2).
Successive adjustment for demographic, cardiovascular,
and renal factors mildly attenuated these estimates (OR,
1.37 [95% CI, 1.09 to 1.72]; OR, 1.26 [95% CI, 1.002 to 1.56],
respectively) but they remained statistically significant. A
1 ml/min per 1.73 m2 per year decline in eGFR (approxi-
mately twice the median annual decrease during the trial)
had a marginal association with DSST decline (OR, 1.02
[95% CI, 0.99 to 1.04]). The association of persistent albu-
minuria on DSST decline relative to 1 year of aging was
approximately 7.2 years (ratio of log [OR persistent albu-
minuria] to log [OR per year of age]), i.e., persistent albu-
minuria was equivalent to 7.2 years of aging in terms of
DSST decline. The association of progressive albuminuria
was equivalent to approximately 3.2 years.
When a hypoglycemic event requiring assistance was

added to model 4 in a sensitivity analysis, ORs and 95% CIs
were similar (persistent albuminuria versus no albumin-
uria: OR, 1.48 [95% CI, 1.17 to 1.89]; remitters versus no
albuminuria: OR, 1.01 [95% CI, 0.84 to 1.36]; and pro-
gressors versus no albuminuria: OR, 1.27 [95% CI, 1.01 to
1.58]).

Factors Independently Associated with ‡5% Decline in
RAVLT Score
None of the albuminuria categories was significantly

related to a .5% decline in verbal memory (Supplemental
Table 3). A 1 ml/min per 1.73 m2 per year decline in eGFR
was also not significantly related to RAVLT decline (OR,
1.02 [95% CI, 0.99 to 1.04]; P=0.18). A sensitivity analysis
showed that adding hypoglycemic episodes requiring assis-
tance to model 4 did not change the nonsignificant associa-
tions of albuminuria status with a change in RAVLT score.
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Discussion
In this study of middle-aged adults with diabetes with

preserved baseline eGFR (approximately 90 ml/min per
1.73 m2), the DSST declined in participants with persistent
and progressive albuminuria compared with participants
without albuminuria. Decline was greater in participants
with persistent albuminuria compared with those with
progressive albuminuria, suggestive of a dose effect. The
findings were independent of baseline eGFR and declining
eGFR, which were only mildly diminished (0.54–0.60 ml/min
per 1.73 m2 per year) at the end of follow-up, leaving most
participants with normal to near normal renal function.
These findings extend prior studies of the association of
renal disease and cognitive decline to an even earlier stage
of renal disease than previously reported.
Diabetes and albuminuria are vascular risk factors. The

cognitive findings described here may therefore be vascular
in origin. Several mechanisms by which albuminuria and
cognitive impairment are related can be offered. One
possibility is that the two microcirculatory systems share
common pathomechanisms: both are low resistance beds
exposed to high circulatory flow (27). Impaired autoregu-
lation from small vessel endothelial dysfunction can in-
crease pressure in both circulatory systems, leading to
organ damage. For example, with impaired renal function,
nitric oxide inhibitor levels increase. Nitric oxide regulates
the microcirculation and the blood–brain barrier, which are
implicated in brain white matter disease (28). Alternatively,
complications associated with albuminuria, such as ane-
mia, acidosis, hyperparathyroidism, and hypertension,
can affect cognitive function (29).
Our findings should be put into context. Participants had

on average normal baseline cognitive function (MMSE
score .26), and were generally well educated, a factor that
protects against cognitive decline (30). The changes in the
DSST were modest and on an individual level would not
likely be clinically significant. However, the average age of
the cohort was 10–15 years younger than the age at which
cognitive impairment is usually recognized (31). If the rate
of information processing speed decline persisted, evident
cognitive impairment would likely develop with aging.
Participants with persistent and progressive albuminuria
had the equivalent of 7.2 and 3.2 years of cognitive aging
relative to 1 year of calendar aging, respectively. On a
population level, these findings could have large effects.
Our findings are consistent with studies that have shown

that the DSST detects small cognitive changes in people
with high levels of cognition (32) and in people with DM
(1,33). The Stroop test, which measures executive function,
did not show change in association with albuminuria sta-
tus. However, previous studies using other measures of
executive function have found (34–36) associations of al-
buminuria with decline in executive function.
In our study, albuminuria progressors were more likely

to experience DSST decline. This is similar to a study in
which progressors had increased odds of cognitive decline
as measured by the MMSE (8). In that study, like ours,
albuminuria remitters were similar in terms of cognitive
change to participants without any albuminuria. Another
study with longitudinal data reported poorer cognitive
function in participants with progressive albuminuria
compared with those with stable albuminuria (37). These
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findings emphasize that dynamic characteristics of albu-
minuria are important determinants of cognitive decline.
Several studies have shown that moderate CKD can be

associated with impaired cognition (38–41). There are few
studies, however, that have longitudinally examined the
effect of eGFR decline on cognition. In the Cardiovascular
Health Study (3), an increase in serum creatinine from 1.0
to 2.0 mg/dl was associated with a 26% increased risk
(95% CI, 1.02 to 1.60) of dementia. That study did not
have measures of eGFR. In our study, there was a trend
for a 1 ml/min per 1.73 m2 per year eGFR decline (approx-
imately double the median annual eGFR decline) to
be associated with lower DSST scores in the cohort. Two
population-based studies with unimpaired renal function
and a low prevalence of diabetes reported that only an
eGFR decline of .3–4 ml/min per 1.73 m2 per year was
significantly associated with cognitive decline (5,42).
Our results suggest that in an exclusively diabetic pop-

ulation, small declines in eGFRmay have a stronger negative
association with cognitive decline than in populations without
DM.
Our findings are characterized by prospective data

collection, repeated measures of cognitive testing, near

complete data capture, characterization of albuminuria over
time, and a large number of participants. Risk factors for
cognitive decline were captured, permitting for adjustment.
We recognize that the follow-up was short and may not be
predictive of subsequent cognitive decline. A follow-up
study, entitled ACCORDION, will add 3–5 years of follow-
up.
In summary, we identify adults with diabetes, whose

eGFR at baseline was approximately 90 ml/min per 1.73 m2,
with persistent or progressive albuminuria as a group at
risk for cognitive decline. Such observations offer a possi-
ble new avenue for understanding subsequent cognitive
impairment in persons with diabetes and offer an oppor-
tunity for intervention.
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Table 2. Percentage change in cognitive tests at 40 months compared with baseline adjusted for baseline score, age, sex, race, and
level of education

Model No Albuminuria Albuminuria Remitters Progressors

Participants (n) 1689 469 370 429
DSST 22.6 (23.4, 21.9) 25.8 (27.3, 24.2) 22.8 (24.3, 21.2) 24.1 (25.6, 22.7)
Stroop 21.3 (23.4, 0.8) 1.4 (22.9, 5.6) 21.0 (25.4, 3.3) 20.7 (24.7, 3.2)
RAVLT 7.1 (6.0, 8.3) 4.8 (2.4, 7.1) 6.7 (4.3, 9.1) 4.7 (2.5, 7.0)
MMSE 21.2 (21.6, 20.08) 21.6 (22.4, 20.08) 20.05 (21.4, 0.03) 21.2 (22.0, 20.05)

See the Supplemental Material for raw data. P values are as follows: No albuminuria versus albuminuria: 0.001 for DSST, 0.28 for
Stroop, 0.11 for RAVLT, and 0.46 for MMSE; no albuminuria versus remitters: 0.82 for DSST, 0.75 for Stroop, 0.80 for RAVLT, and 0.19
for MMSE; and no albuminuria versus progressors: 0.10 for DSST, 0.88 for Stroop, 0.08 for RAVLT, and 0.86 for MMSE. DSST, Digit
Symbol Substitution Test; RAVLT, Rey Auditory Verbal Learning Test; MMSE, Mini Mental State Examination.

Table 3. Abbreviated Cox proportional hazards model of factors significantly associated with a ‡5% DSST decline in the ACCORD
MIND study

Model 1 Model 2 Model 3 Model 4

No albuminuria 1.00 1.00 1.00 1.00
Persistent albuminuria 1.47 (1.20 to 1.86)a 1.44 (1.56 to 1.80)a 1.41 (1.12 to 1.76)a 1.37 (1.09 to 1.72)a

Remitters 1.15 (0.92 to 1.45) 1.12 (0.89 to 1.42) 1.08 (0.85 to 1.37) 1.07 (0.84 to 1.36)
Progressors 1.31 (1.05 to 1.62)a 1.26 (1.02 to 1.57)a 1.26 (1.02 to 1.57)a 1.25 (1.002 to 1.56)a

Baseline eGFR
(ml/min per 1.73 m2)

0.99 (0.98 to 1.01)

DeGFR (1 ml/min per
1.73 m2 per year)

1.02 (0.995 to 1.04)

Age (per year) 1.02 (1.00 to 1.03)a 1.02 (1.01 to 1.03)a 1.02 (1.00 to 1.03)a

The full model appears in the Supplemental Material. Model 1, unadjusted; model 2, adjusted for age, sex, race (white, black, Hispanic,
other), education (less than high school, high school, some college, college or higher), and alcohol consumption (1–2, 3–7,$8 drinks per
week); model 3, variables in model 2 plus body mass index, systolic BP, secondary cardiovascular disease prevention (yes versus no),
and LDL; model 4, variables in model 3 plus baseline eGFR and 1 ml/min per 1.73 m2 per year decrease in eGFR. DSST, Digit Symbol
Substitution Test; ACCORD MIND, Action to Control Cardiovascular Risk in Diabetes Memory in Diabetes; eGFR, estimated GFR.
aStatistically significant.
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33. Spauwen PJJ, Köhler S, Verhey FRJ, Stehouwer CDA, van Boxtel
MPJ: Effects of type 2 diabetes on 12-year cognitive change:
Results from the Maastricht aging study. Diabetes Care 36:
1554–1561, 2013

34. Heringa SM, van den Berg E, Dekker JM, Nijpels G, Kessels RPC,
Kappelle LJ, Stehouwer CDA, Biessels GJ: Albuminuria and
cognitive functioning in an older population: The Hoorn study.
Dement Geriatr Cogn Disord 32: 182–187, 2011

Clin J Am Soc Nephrol 8: 1907–1914, November, 2013 Albuminuria, eGFR, and Cognitive Decline in Diabetes, Barzilay et al. 1913



35. Jassal SK, Kritz-Silverstein D, Barrett-Connor E: A prospective
study of albuminuria and cognitive function in older adults: The
Rancho Bernardo study. Am J Epidemiol 171: 277–286, 2010

36. Weiner DE, Bartolomei K, Scott T, Price LL, Griffith JL, Rosenberg
I, Levey AS, Folstein MF, Sarnak MJ: Albuminuria, cognitive
functioning, and white matter hyperintensities in homebound
elders. Am J Kidney Dis 53: 438–447, 2009

37. Joosten H, Izaks GJ, Slaets JPJ, de Jong PE, Visser ST, Bilo HJG,
Gansevoort RT: Association of cognitive function with albu-
minuria and eGFR in the general population. Clin J Am Soc
Nephrol 6: 1400–1409, 2011

38. Kurella M, Chertow GM, Fried LF, Cummings SR, Harris T,
Simonsick E, Satterfield S, Ayonayon H, Yaffe K: Chronic kidney
disease and cognitive impairment in the elderly: The health,
aging, and body composition study. J Am Soc Nephrol 16: 2127–
2133, 2005

39. Hailpern SM, Melamed ML, Cohen HW, Hostetter TH: Mod-
erate chronic kidney disease and cognitive function in adults 20
to 59 years of age: Third National Health and Nutrition Exam-
ination Survey (NHANES III). J Am Soc Nephrol 18: 2205–
2213, 2007

40. Buchman AS, Tanne D, Boyle PA, Shah RC, Leurgans SE, Bennett
DA: Kidney function is associated with the rate of cognitive de-
cline in the elderly. Neurology 73: 920–927, 2009

41. Etgen T, Sander D, Chonchol M, Briesenick C, Poppert H, Förstl
H, Bickel H: Chronic kidney disease is associated with incident
cognitive impairment in the elderly: The INVADE study.Nephrol
Dial Transplant 24: 3144–3150, 2009

42. Helmer C, Stengel B, Metzger M, Froissart M, Massy ZA, Tzourio
C, Berr C, Dartigues JF: Chronic kidney disease, cognitive de-
cline, and incident dementia: The 3C Study. Neurology 77:
2043–2051, 2011

Received: November 3, 2012 Accepted: June 20, 2013

Published online ahead of print. Publication date available at www.
cjasn.org.

This article contains supplemental material online at http://cjasn.
asnjournals.org/lookup/suppl/doi:10.2215/CJN.11321112/-/
DCSupplemental.

1914 Clinical Journal of the American Society of Nephrology

http://www.cjasn.org
http://www.cjasn.org
http://cjasn.asnjournals.org/lookup/suppl/doi:10.2215/CJN.11321112/-/DCSupplemental
http://cjasn.asnjournals.org/lookup/suppl/doi:10.2215/CJN.11321112/-/DCSupplemental
http://cjasn.asnjournals.org/lookup/suppl/doi:10.2215/CJN.11321112/-/DCSupplemental

