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Kidney Dysfunction and Cognitive Decline in Women
Imran Sajjad,* Francine Grodstein,† Jae H. Kang,† Gary C. Curhan,*† and Julie Lin*†

Summary
Background and objectives ESRD is associated with substantial cognitive deﬁcits but whether earlier kidney
dysfunction predicts cognitive decline is less well deﬁned.
Design, setting, participants, & measurements More than 1700 women aged $70 years in the Nurses’ Health
Study had plasma creatinine and urinary albumin/creatinine ratios (ACRs) measured in 2000, within 12 months
of their initial cognitive testing. These participants had repeated assessments of cognition administered by phone
every 2 years, including tests for general cognition, verbal memory, verbal ﬂuency, and working memory for up
to 6 years of follow-up. Mixed-effects regression analysis was applied to calculate mean differences in the rate of
cognitive decline between women with an estimated GFR ,60 ml/min per 1.73 m2 or an ACR $5 mg/g versus
referent levels.
Results The median age was 74 years at initial cognitive testing, 99% of women were Caucasian, median plasma
creatinine was 0.8 mg/dl, and 25% had an ACR $5 mg/g. The difference in cognitive decline with a baseline ACR
$5 mg/g versus an ACR ,5 mg/g was equivalent to the difference observed with 2–7 years of aging; that is, a
higher ACR was associated with 2–7 times faster decline in all four cognitive domains assessed (all P values
,0.05) than that attributed to each 1 year of aging alone. No associations were observed between an eGFR ,60
ml/min per 1.73 m2 and cognitive decline.
Conclusions A baseline urinary ACR $5 mg/g, a level not traditionally considered clinically signiﬁcant, is independently associated with faster decline in cognitive function.
Clin J Am Soc Nephrol 7: 437–443, 2012. doi: 10.2215/CJN.05330611

Introduction
CKD has reached epidemic proportions in the United
States in part due to the increasing population of older
adults (1). Cognitive deﬁcits have been well documented in patients with ESRD (2,3), but how early
kidney dysfunction (as reﬂected by a moderately decreased estimated GFR [eGFR] or albuminuria) may
be related to subsequent cognitive decline is less well
described.
Albuminuria is considered a marker of small vessel
disease and has been independently associated with
risk of hypertension and mortality (4,5). Because cognitive decline is frequently attributed to microvascular disease in the brain (6,7), and vascular disease is
often a prominent feature of advancing renal insufﬁciency (8), progressive small vessel disease may be a
key component linking albuminuria with progressive
kidney dysfunction and cognitive decline. A number
of investigators have reported cross-sectional associations between albuminuria and worse cognitive
function (9,10); however, longitudinal data on change
in cognitive function with albuminuria are sparse.
Similarly, limited data are available on the association
between moderately decreased eGFR and cognitive
function, with the majority of studies being crosssectional in design and showing an increased prevalence of impaired cognitive function in participants
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with decreased kidney function (11,12). Therefore, we
prospectively analyzed associations between albuminuria and an eGFR ,60 ml/min per 1.73 m2 in .1700
women participating in the Nurses’ Health Study (NHS).

Materials and Methods
Study Population
The NHS began in 1976, when 121,700 female
registered nurses (aged 30–55 years, living in 11 US
states) completed a mailed questionnaire on lifestyle
and health. Every 2 years, follow-up questionnaires are
mailed to participants to update their information, and
.90% follow-up of the total possible person-time has
been maintained (13).
For the study of cognitive function, we selected
participants aged $70 years who were free of diagnosed stroke. We contacted 21,085 eligible women
for a baseline telephone cognitive assessment, and
19,415 women agreed to have the initial testing done
(1995–2001) (14). Follow-up cognitive assessments were
conducted every 2 years. Women who underwent at
least two cognitive assessments were included in the
study. Of these participants, 1764 women had plasma
creatinine measured in 2000, within 12 months of their
initial cognitive testing, and 1743 women had data on
urinary albumin/creatinine ratios (ACRs).
Copyright © 2012 by the American Society of Nephrology
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Estimated GFR
An eGFR ,60 ml/min per 1.73 m2 was one of the primary exposures of interest. Blood samples were collected
in 2000. Each participant was sent a blood collection kit
containing instructions and needed supplies. The participants made arrangements for the blood to be drawn locally and then sent the samples back by overnight courier.
A total of 97% of samples arrived in our laboratory within
26 hours of being drawn. After centrifugation, the cryotubes were stored in the vapor phase of liquid nitrogen
freezers at 2130°C. Plasma collected from the study participants was thawed and sent to the laboratory at Children’s Hospital (Boston, MA). Plasma creatinine (PCr) was
measured using a modiﬁed kinetic Jaffe reaction. The percent coefﬁcient of variation (CV) for creatinine in masked
quality control samples in the NHS was 5.2%. The GFR
was estimated using the following Chronic Kidney Disease
Epidemiology Collaboration equation (15):
eGFR ¼ 141 3 minðPCr=k; 1Þa 3 maxðPCr=k; 1Þ 2 1:209
3 0:993Age 3 1:018ðif femaleÞ 3 1:159ðif blackÞ;
where k is 0.7 for females and 0.9 for males, a is 20.329
for females and 20.411 for males, min indicates the minimum of PCr/k or 1, and max indicates the maximum of
PCr/K or 1.
The eGFR was also calculated using previously published equations, using serum cystatin C (cys C) (16). Cys C
levels were measured using an immunoturbidimetric assay on the Hitachi 917 analyzer from Roche Diagnostics
(Indianapolis, IN), with reagents and calibrators from Genzyme (Stillwater, MN). The CV for cys C was 3.8%. GFR
was calculated using only cys C and then also with both
cys C and plasma creatinine using the following equations
(16):
eGFR ¼ 127:7 3 cys C 2 1:17 3 age 2 0:13 3 0:91ðif femaleÞ
3 1:06ðif blackÞ; and
eGFR ¼ 177:6 3 PCr 2 0:65 3 cys C 2 0:57 3 age 2 0:20
3 0:82ðif femaleÞ 3 1:11ðif blackÞ:
Albumin/Creatinine Ratio
Spot urine samples were also collected in 2000 at the
same time as the blood samples. Urine albumin was measured by an immunoassay using the Hitachi 911 analyzer
and Roche Diagnostics reagents. Urine albumin concentrations as low as 1 mg/L were reported reliably; values
,1 mg/L were considered to be 0. In split blinded quality
control samples, the CV for urinary albumin was 8.0%.
Urine creatinine was measured using a modiﬁed Jaffe
method (CV 2.0%). For each participant, urinary albumin
concentration was divided by urinary creatinine concentration to obtain the ACR in milligrams per gram.
Because only 104 (6.3%) participants in our study
population met the criterion for microalbuminuria
using a sex-speciﬁc cutpoint of an ACR $25 mg/g, we
examined associations of an ACR $10 mg/g (recently
identiﬁed as signiﬁcantly associated with mortality in a
meta-analysis of over 100,000 individuals) (17) and also
an ACR $5 mg/g (because ACR $4.3 mg/g has been

associated with incident hypertension in NHS women)
(18).
Cognitive Function Assessments
The telephone battery included the following six tests
(with previously reported population distributions in
parentheses): (1) the Telephone Interview for Cognitive
Status (TICS), which is a telephone adaptation of the
Mini-Mental State Exam (MMSE) (mean 33.8; SD 2.7;
range, 8–41) (19); (2) East Boston Memory Test Immediate
Recall, in which participants are read a brief paragraph
and asked to repeat 12 elements immediately (mean 9.4;
SD 1.7; range, 0–12) (20); (3) East Boston Memory Test
Delayed Recall (EBMT), in which participants are asked
to repeat 12 elements from a brief paragraph 15 minutes
later (mean 9.0; SD 2.0; range, 0–12) (20); (4) verbal ﬂuency, in which participants are asked to name as many
animals as they can in 1 minute (mean 16.9; SD 4.6; range,
0–38) (21); (5) TICS 10-word list delayed recall, which is a
test of verbal memory in which participants are asked to
recall the TICS 10-word list 15 minutes after the initial
recall (mean 2.3; SD 2; range, 0–10) (19); and (6) digit
span backward, in which participants are asked to repeat
in reverse order 12 increasingly long series of numbers
(mean 6.7; SD 2.4; range, 0–12) (19).
The cognitive tests were repeated biennially. Participation rates were identical across all cognitive tests. For our
primary outcome, we calculated a global composite score
by averaging the z scores from the six tests among women
who completed all of them. Because composite scores integrate information from multiple tests, they are stable
measures of cognitive function (22). We also calculated
verbal memory composite scores, in which we averaged
the z scores of four tests of verbal memory (the immediate
and delayed recalls of the TICS 10-word list, and the immediate and delayed recalls of the EBMT). Verbal ﬂuency
was also one of the primary outcome measures because it
partially assesses executive function and is thus of particular interest for variables that affect vascular health.
Validity and Reliability of Telephone Assessments
We found a correlation of 0.81 comparing the global
scores of the telephone versus extensive in-person assessments in a validation of our battery among 61 educated
older women. We also found high reliability of test performance among 35 women who were given the TICS
twice, 31 days apart (test–retest correlation = 0.7). Finally,
among 88 older female health professionals, poor cognitive performance as determined by our telephone assessment was strongly associated with dementia diagnosis
after 3 years; poor performance in the TICS and in verbal memory were both associated with signiﬁcant 8- and
12-fold increases, respectively, of dementia (14).
Covariates
Demographic and clinical characteristics were obtained
through the information collected on biennial questionnaires
obtained near the baseline cognitive assessment. We included the following potential confounders for associations
between kidney dysfunction and cognitive decline: age,
high BP, body mass index, diabetes, cigarette smoking,
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cardiovascular disease, alcohol intake, physical activity,
high cholesterol, participant education level, spouse’s education level, and postmenopausal hormonal use. Systolic
BP was reported in nine categories (,105, 105–114, 115–
124, 125–134, 135–144, 145–154, 155–164, 165–174, and
.175 mmHg), and diastolic BP was reported in seven categories (,65, 65–74, 75–84, 85–89, 90–94, 95–104, and .105
mmHg). A participant’s BP was deﬁned as the middle systolic and middle diastolic value of the reported category.
Self-reported hypertension has been previously validated
through direct review of medical records (23).
Statistical Analyses
Demographic and clinical characteristics were compared
using the Wilcoxon test for continuous variables and the
chi-squared test for categorical variables. We applied
mixed-effects modeling to compare the rate of change in
cognitive decline between groups with higher versus lower
eGFR and higher versus lower urinary ACR. We evaluated
the mean performance at each cognitive assessment by
eGFR or ACR category using repeated analysis of means
with random intercepts and random slopes, which accounts for intra-individual correlations of cognitive function over time. All models were ﬁtted by maximum
likelihood, incorporating the longitudinal correlation
within study participants using unstructured covariance
structures; for statistical testing, we used Wald tests (24).
This longitudinal analysis approach takes into account the
individual baseline cognitive scores in the assessment of
change of scores over time. These analyses were performed using the Proc Mixed command in SAS software
(release 9.1; SAS Institute Inc, Cary, NC).
This study was approved by the Institutional Review
Board of the Brigham and Women’s Hospital.

Results
Our prospective analyses included 1764 older women
from the NHS, 1743 of whom had ACR data. Of these, 23%
had an eGFR ,60 ml/min per 1.73 m2, and 25% had an
ACR $5 mg/g. Because our main ﬁndings were in those
with higher albuminuria, we also present demographic
and clinical characteristics stratiﬁed by an ACR $5 mg/g
(Table 1). Compared with women with an ACR ,5 mg/g,
there was a higher prevalence of diabetes, hypertension, and
cardiovascular disease in women with an ACR $5 mg/g.
Women with an ACR $5 mg/g were also less physically
active.
We also examined the demographic and clinical characteristics of women with at least two cognitive assessments,
who had urinary ACR and plasma creatinine data available
(n=1746) compared with those who did not have these data
(n=13,444), and we concluded that our study cohort seems
to be reasonably representative of the overall group that underwent cognitive function testing. For example, for those
with ACR and plasma creatinine data compared with those
without these data, the median age was 74 versus 74.8 years,
body mass index was 24.8 kg/m2 versus 25.1 kg/m2, 58%
versus 61% had hypertension, 12.6% versus 11.9% had diabetes, and 6.4% had depression in each group. Antihypertensive, antidepressant, and analgesic medication use was
not meaningfully different between the groups.
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Among 1764 women who completed the baseline test
and at least one follow-up test, 1761 women (99.8%) had
three cognitive tests (4 years of follow-up) and 1376 (78%)
had four cognitive tests (6 years of follow-up). Because the
majority of the women had up to three cognitive tests, we
chose to examine cognitive decline across three assessments of cognition for our analyses. We ﬁrst examined the
rate of decline in cognitive function associated with aging
alone. The mean annual decline in global composite, verbal memory composite, verbal ﬂuency, and TICS scores
associated with each year of aging were 20.006 (95%
CI, 20.009 to 20.003), 20.007 (95% CI, 20.010 to 20.003),
20.026 (95% CI, 20.039 to 20.012), and 20.040 (95% CI,
20.064 to 20.017) standard units, respectively.
No signiﬁcant difference was seen in cognitive decline in
participants with an eGFR ,60 ml/min per 1.73 m2 compared with eGFR $60 ml/min per 1.73 m2 in either ageadjusted or multivariable models (Table 2). Signiﬁcantly
worse decline in cognitive function was seen in participants with an ACR $5 mg/g compared with those with
an ACR ,5 mg/g in age-adjusted models. Multivariable
adjustment did not inﬂuence the results meaningfully
(Table 3), and no individual covariate changed the associations observed when added separately. Additional adjustment for BP and insulin did not change the results (mean
annual decline of 20.03 [95% CI, 20.05 to 20.01] in global
cognitive score). The associations with an ACR $10 mg/g
were almost identical to those with an ACR $5 mg/g,
although the verbal memory composite score was no longer signiﬁcant (Table 3).
For ease of interpretation, we used the rate of cognitive
decline associated with 1 year of aging in this cohort (data
shown above) as a metric for understanding the apparent
effects of ACR level on cognitive decline. The difference in
the rate of cognitive decline with an ACR $5 mg/g versus
an ACR #5 mg/g was equivalent to that seen with 2–7
years of aging; that is, a higher ACR accelerated cognitive
decline such that the decline was 2–7 times faster than that
associated with 1 year of aging alone (Figure 1).
In sensitivity analyses, we used the data from all four
waves of cognitive function testing; results were not
meaningfully changed for either eGFR or albuminuria,
although participation was lower in the fourth wave and
thus there were fewer data available. In alternate analyses
of 1068 women after excluding women with diabetes, we
did not observe meaningful changes in any of our results
(i.e., an ACR $5 mg/g was associated with a multivariableadjusted decline of 20.02 [95% CI, 20.04 to 20.004] in the
global cognitive score). We also analyzed women without
hypertension (n=873) and found consistent results (annual
global cognitive score decline 20.03 [95% CI, 20.06 to
20.01]). Lastly, including an eGFR ,60 ml/min per 1.73 m2
(using plasma creatinine alone or plasma creatinine plus
cystatin C estimations) in models with an ACR $5 mg/g
or $10 mg/g did not affect the associations with ACR.

Discussion
This study reports that albuminuria, even at levels not
traditionally considered clinically signiﬁcant, is independently associated with worse cognitive decline. Interestingly, the effect of an ACR $5 mg/g was not inﬂuenced by
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Table 1. Demographic and clinical characteristics of participants in the Nurses’ Health Study

Age (yr)
Caucasian
Hypertension
Systolic BP (mmHg)
Diastolic BP (mmHg)
Diabetes
History of cardiovascular disease
Current smoker
Alcohol intake (g/d)
Activity level (METs/wk)
BMI (kg/m2)
Depression
Hypertension medication use
Depression medication use
Analgesic medication use
Insulin use
Postmenopausal hormone use
current
past
never
Participant highest education level
RN
BA
MA or DR
Spouse’s highest education level
less than high school
some high school
high school graduate
college graduate
grad school
missing
PCr in 2000 (mg/dl)
eGFR in 2000 by CKD-EPI
(ml/min per 1.73 m2)
eGFR in 2000 by cystatin C
(ml/min per 1.73 m2)
eGFR in 2000 by cystatin
C + PCr (ml/min per 1.73 m2)

All (N=1764)

ACR ,5 mg/g
(n=1303)

ACR $5 mg/g
(n=440)

P Valuea

74.0 (72.3, 75.8)
98.8
58.1
130 (120, 140)
80 (70, 80)
12.4
7.3
4.6
0.9 (0.0, 5.8)
11.5 (4.2, 23.7)
24.8 (22.3, 28.3)
6.4
49.2
7.9
76.3
2.5

73.9 (72.1, 75.6)
98.8
55.3
130 (120, 140)
80 (70, 80)
7.9
5.7
4.1
0.9 (0, 6.0)
12.8 (4.9, 25.5)
24.7 (22.2, 27.9)
6.5
47.8
7.8
76.8
1.3

74.5 (72.8, 76.3)
98.6
65.2
140 (130, 150)
80 (70, 80)
25.9
12.1
6.4
0 (0, 4.0)
7.0 (2.4, 20.2)
24.9 (22.1, 29.2)
6.1
55.9
8.4
74.8
5.9

,0.001
0.82
,0.001
,0.001
0.06
,0.001
,0.001
0.05
0.06
,0.001
0.19
0.82
0.003
0.65
0.38
,0.001
0.03

48.0
27.0
24.7

47.8
25.1
22.6

39.6
28.4
26.6

73.2
19.7
7.1

73.8
19.7
6.6

71.8
20.2
8.0

1.6
5.0
37.0
25.4
20.1
10.9
0.8 (0.7, 0.9)
72 (61, 83)

1.4
4.7
36.2
26.6
20.5
10.7
0.8 (0.7, 0.9)
72 (61, 84)

2.5
5.5
39.1
22.5
18.4
12.1
0.8 (0.7, 1.0)
70 (57, 82)

0.02
0.01

0.11

0.22

57 (49, 65)

57.8 (50, 66)

54 (43, 62)

,0.001

66 (58, 75)

67 (59, 76)

63 (51, 73)

,0.001

Results are expressed as median (interquartile range) or percentage. ACR, albumin/creatinine ratio; BMI, body mass index; PCr,
plasma creatinine; eGFR, estimated GFR; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration equation.
a
Comparison between ACR ,5 and $5 mg/g.

adjustment for multiple covariates, suggesting that it may
be a useful measure for risk stratiﬁcation in isolation. The
independent association of an ACR $5 mg/g observed in
this study require conﬁrmation in further studies; however, the public health effect of our ﬁndings could be substantial because estimates from the 1999–2004 National
Health and Nutrition Examination Survey data suggest
that up to 19% of individuals aged $60 years in the United
States have microalbuminuria (25). The prevalence of an
ACR $5 mg/g in population studies has not been routinely reported, but will certainly be higher than for microalbuminuria (ACR 30–300 mg/g). The associations
between an ACR $10 mg/g and cognitive decline were
similar to those observed with an ACR .5 mg/g, except
the result for verbal memory composite score was not signiﬁcant presumably because of reduced statistical power

due to the smaller number of participants with an ACR
$10 mg/g.
There is currently limited literature on the relation between albuminuria, eGFR, and cognitive function. In the
recently published Ongoing Telmisartan Alone and in
Combination with Ramipril Global Endpoint Trial and the
Telmisartan Randomized Assessment Study in ACE Intolerant Subjects with Cardiovascular Disease of 28,384
participants with diabetes or vascular disease, Brazilay et al.
(26) found that microalbuminuria was modestly associated
with a rapid decline in MMSE scores over 5 years of followup (odds ratio [OR], 1.22; 95% CI, 1.07–1.38). Jassal et al.
(27) also reported that an ACR of $30 mg/g was independently associated with more rapid decline in MMSE and
category ﬂuency scores in men, but not in women, in
a prospective analysis of 759 participants from southern
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Table 2. Mean differences in annual rate of cognitive decline for an eGFR <60 ml/min per 1.73 m2 compared
with an eGFR ‡60 ml/min per 1.73 m2

Age-Adjusted Only
(95% CI)
eGFR ,60 ml/min per 1.73 m2 (CKD-EPI) (n=408)
global cognitive score
verbal memory composite score
verbal ﬂuency score
TICS score
eGFR , 60 ml/min per 1.73 m2 (cystatin C)b (n=665)
global cognitive score
verbal memory composite score
verbal ﬂuency score
TICS score
eGFR , 60 ml/min per 1.73 m2 (PCr + cystatin C)b (n=329)
global cognitive score
verbal memory composite score
verbal ﬂuency score
TICS score

20.003 (20.02, 0.02)
20.003 (20.03, 0.02)
20.006 (20.14, 0.13)
20.06 (20.14, 0.02)

Multivariable Adjusteda
(95% CI)
20.002 (20.02, 0.02)
20.002 (20.02, 0.02)
0.002 (20.14, 0.15)
20.05 (20.14, 0.03)

0.004 (20.02, 0.02)
0.004 (20.02, 0.03)
0.03 (20.12, 0.17)
20.03 (20.12, 0.06)

0.0005 (20.02, 0.02)
20.001 (20.03, 0.02)
0.01 (20.004, 0.004)
20.02 (20.11, 0.07)

20.01 (20.03, 0.008)
20.02 (20.04, 0.01)
0.02 (20.14, 0.18)
20.03 (20.10, 0.04)

20.02 (20.04, 0.01)
20.02 (20.05, 0.01)
20.01 (20.18, 0.16)
20.04 (20.14, 0.05)

95% CI, 95% conﬁdence interval; eGFR, estimated GFR; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration equation;
TICS, telephone interview for cognitive status; PCr, plasma creatinine.
a
Adjusted for age, hypertension, body mass index, diabetes, cigarette smoking, cardiovascular disease, alcohol intake, physical activity
(METs/wk), high cholesterol, participant education level, spouse’s education level, and postmenopausal hormone use.
b
Cystatin C was measured in 1110 participants.

Table 3. Mean differences in annual rate of cognitive decline for an ACR ‡5 mg/g and ‡10 mg/g compared with lower levels

ACR $5 mg/g (n=440)
global cognitive score
verbal memory composite score
verbal ﬂuency score
TICS score
ACR $10 mg/g (n=228)
global cognitive score
verbal memory composite score
verbal ﬂuency score
TICS score

Age-Adjusted Only (95% CI)

Multivariable Adjusteda (95% CI)

20.03 (20.05, 20.01)
20.03 (20.05, 20.004)
20.18 (20.31, 20.04)
20.09 (20.16, 20.009)

20.03 (20.05, 20.01)
20.02 (20.05, 20.001)
20.19 (20.34, 20.05)
20.09 (20.17, 20.004)

20.03 (20.05, 20.009)
20.02 (20.05, 0.005)
20.16 (20.33, 0.02)
20.13 (20.23, 20.03)

20.04 (20.06, 20.01)
20.02 (20.05, 0.01)
20.19 (20.38, 20.01)
20.13 (20.24, 20.02)

95% CI, 95% conﬁdence interval; ACR, urinary albumin/creatinine ratio; TICS, telephone interview for cognitive status.
a
Adjusted for age, hypertension, body mass index, diabetes, cigarette smoking, cardiovascular disease, alcohol intake, physical activity
(METS/wk), high cholesterol, participant education level, spouse’s education level, and postmenopausal hormone use.

California. Consistent with these prospective studies,
Weiner et al. (28) performed a cross-sectional study of
335 participants from New England and reported that individuals were more likely to be in the lowest tertile of
executive functioning (OR, 1.18; 95% CI, 1.06–1.32) per
every doubling of ACR. Similarly, an analysis of the Cardiovascular Health Study reported that each doubling of
albuminuria was signiﬁcantly associated with increased
odds of incident dementia (OR, 1.22; 95% CI, 1.15 –1.29)
(29).
Using a large sample of generally healthy participants
and a prospective design, our study adds to the growing
evidence that albuminuria is an important early predictor
of cognitive decline. Higher levels of albuminuria are likely

an early marker of diffuse vascular endothelial cell
dysfunction (30), as supported by the observation that
microalbuminuria is a strong independent predictor of
cardiovascular death in patients with and without diabetes (31). Moreover, because microalbuminuria is linearly
associated with high-grade white matter hyperintensity
changes on brain magnetic resonance imaging (28), it is
likely that albuminuria reﬂects diffuse vascular endothelial dysfunction, which, in turn, may result in cognitive
impairment.
Our study did not show a signiﬁcant association between
moderate CKD, deﬁned as an eGFR ,60 ml/min per 1.73 m2,
and cognitive decline. In contrast to albuminuria, which
may primarily reﬂect glomerular (vascular) dysfunction,
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Figure 1. | Mean difference in the rate of cognitive function decline for women with an ACR ‡5 mg/g versus women with an ACR <5 mg/g
(with 95% confidence interval) standardized to rate seen with per-year aging alone. ACR, albumin/creatinine ratio; TICS, Telephone Interview for Cognitive Status.

moderately reduced eGFR may also result from nonvascular
intrarenal processes including tubular and interstitial ﬁbrosis, which may explain the lack of association between
moderate CKD and cognitive decline. Consistent with our
study, Weiner et al. (28) did not ﬁnd an eGFR of ,60 ml/min
per 1.73 m2 to be associated with poor cognitive performance in older community-dwelling adults (mean age
73.4 years). Similarly, Slinin et al. (32) did not ﬁnd an association between an eGFR ,60 ml/min per 1.73 m2 and
cognitive decline over 4 years of follow-up in 3722 men
aged $65 years and participating in the Osteoporotic
Fractures in Men Study. In contrast, a prospective analysis
of 2172 participants reported that a creatinine clearance
(CrCl) ,60 ml/min per 1.73 m2 was associated with a
rapid annual decline in TICS score compared with participants with a CrCl $90 ml/min per 1.73 m2 (P,0.001)
(33). This study population was, however, quite different
from our study because it included 59% Hispanics and
20% blacks. The largest cross-sectional study to date by
Kurella et al. (34) included 23,405 adults enrolled in the
Reasons for Geographic and Racial Differences in Stroke
(REGARDS) cohort and reported signiﬁcantly increased
odds of cognitive impairment (OR, 1.11; 95% CI, 1.04–
1.19) with each 10 ml/min per 1.73 m 2 lower eGFR
,60 ml/min per 1.73 m2. The REGARDS cohort had a relatively high prevalence of stroke (18.6%), coronary artery
disease (24.9%), diabetes (33%), and obesity (41.7%). The
cohort was cross-sectional in design with participants
who were demographically and clinically different from
those in the NHS; thus, it may not be directly comparable
to our results.
A number of limitations in this study deserve mention.
First, the study results may not be generalizable to men or
different ethnic groups, because the study population was
composed almost entirely of older Caucasian women.
Second, we measured albuminuria using only a single
spot urine sample; however, it is likely that this would bias
our results toward the null because repeat testing generally
reveals substantial intraperson variation in albuminuria on
subsequent assessments (35,36). In clinical practice,

however, risk stratiﬁcation is often based on a single assessment and previous studies have shown that even if
one of three random urine tests shows the presence of
albuminuria, it may increase the risk for overall morbidity
(37). Third, we do not have detailed data on glycemic control in these study participants. Finally, telephone-based
cognitive testing cannot assess all cognitive domains
(e.g., visuospatial memory), and ours has a focus on verbal
memory; however, verbal memory is the best predictor of
Alzheimer’s disease, which is the primary cause of dementia in the United States, and thus is particularly clinically
relevant.
Our study has unique strengths. Many prior studies
examining the association between albuminuria with cognitive function were cross-sectional, making it difﬁcult
to establish temporal relations. Previous studies have not
reported results for levels of albuminuria below the traditional microalbuminuria cut-off (ACR 30 mg/g). In addition, we used a large battery of tests to assess cognitive
function, allowing us to study the association of albuminuria with cognitive domains, including one that partially
assesses executive function.
In summary, a urinary ACR $5 mg/g, a level not traditionally considered clinically signiﬁcant, was independently
associated with more rapid decline in cognitive functioning
over 4–6 years of follow-up in older community-dwelling
women. A ACR $5 mg/g may be important as a prognostic
marker for subsequent cognitive decline.
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