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There is a high prevalence of cognitive impairment
and dementia in individuals with ESRD. It has been
proposed that the high prevalence of cognitive impairment is related to cerebrovascular disease, and
the pattern of cognitive impairment is consistent with
vascular dementia (1). Individuals with CKD have
an increased risk of white matter changes and subclinical strokes, which are ﬁndings associated cognitive
impairment (2,3). Whether mild CKD, in particular
albuminuria, is associated with cognitive decline has
been less well studied. In this issue, Sajjad et al. (4)
evaluate albuminuria and estimated GFR (eGFR)
with cognitive decline in a longitudinal analysis of
the Nurse’s Health Study, a cohort study of registered nurses. Cognitive testing, plasma creatinine,
and urine albumin/creatinine ratio were available
in a subset of individuals. Cognitive testing was repeated every 2 years and included a battery of six tests.
Microalbuminuria is typically deﬁned as urine albumin excretion .30–300 mg/d (.20–200 mg/min). The
criterion was developed to identify individuals
with diabetes and renal involvement (incipient nephropathy), who were at risk of developing overt nephropathy (5). Given high day-to-day variability, it
was recommended that the deﬁnition of incipient nephropathy be based on elevated albuminuria levels in
two of three consecutive samples in a 1- to 6-month
period. Despite the selected cutoff of 30 mg/g, it was
recognized that the risk of progression to overt nephropathy was elevated in individuals with type 1 diabetes and albuminuria in the high normal range (6,5).
This has been conﬁrmed in a recent study by Babazano
et al. (7), which found that higher albuminuria levels
predicted greater decline in eGFR in individuals with
diabetes. The increased risk began at 5–9 mg/g in men
and 10–29 mg/g in women.
Microalbuminuria also predicts cardiovascular
events and mortality in individuals with and without
diabetes (8). More recently, it has been recognized
that the mortality risk begins at lower albuminuria
levels. In the Reasons for Geographic and Racial Differences in Stroke study, there was progressive increase in risk for all-cause mortality beginning around
10 mg/g (9). This increased risk was seen across all
eGFR levels and in those with and without coronary
artery disease at baseline. In a collaborative metaanalysis of 14 studies involving 105,872 individuals,
an albumin/creatinine ratio .10 mg/g predicted
both cardiovascular and all-cause mortality (10). Do
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the results of Sajjad et al. (4) suggest that the risk of
cognitive decline begins at lower levels of albuminuria? Perhaps. Sajjad et al. analyzed $5 and 10 mg/g
and found that elevated albuminuria levels were associated with faster cognitive decline. This does not
necessarily mean that a level of 5–10 mg/g is associated with higher risk, because the category of $5 mg/g
includes all individuals with higher levels. They did
not look at mutually exclusive categories or splines
to assess where the risk begins, and it may be that the
risk is driven by those with the highest values. From the
results, we also do not know whether there is a linear
relationship of albuminuria with cognitive decline or
whether there is a threshold above which the risk begins.
How should one interpret the association of albuminuria with cognitive decline? Does it represent kidney
disease? The present study did not ﬁnd an association
with low eGFR and cognitive decline, measured by
either creatinine or cystatin C. In longitudinal analyses,
studies evaluating the association of eGFR with cognitive decline have found mixed results (11–15). Slinin
et al. (14), in an analysis of The Osteoporotic Fractures
in Men Study found a higher prevalence of cognitive
dysfunction at baseline in those with lower eGFR, but
there was not a signiﬁcant association with incident
cognitive dysfunction. In contrast, Wang et al. (15),
in a community-based study in China, found a significant association of eGFR ,60 ml/min per 1.73 m2
with cognitive decline (adjusted odds ratio of 2.73
compared with eGFR .90 ml/min per 1.73 m 2 ).
Most of the recent studies evaluating kidney function
and cognitive decline have used estimated clearance
(eGFR or creatinine clearance). In the Cardiovascular
Health Study (CHS), an elevated creatinine $1.3 in
women and 1.5 in men was associated with a 37%
risk of incident dementia and 48% risk of vascular dementia (13). An elevated creatinine was not associated
with an increased risk of Alzheimer’s type dementia.
Given the older age in the CHS, this elevation in creatinine represents a lower level of eGFR (closer to
,45ml/min per 1.73 m2). Kidney disease may need
to be more advanced to affect cognitive function, and
population studies where most individuals with CKD
have stage 3A CKD may not see an association with
cognitive decline. Consistent with this hypothesis,
Etgen et al. (11)found that, in adjusted analyses, a creatinine clearance ,45 ml/min was associated with incident impairment, but 45–59 ml/min was not. The
current study did not present results in individuals
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with more severe kidney impairment, although one would
expect that there are not many individuals with severe CKD.
An alternative explanation for the disparate results of
albuminuria and eGFR on cognitive function decline is
that albuminuria is representing something other than
kidney disease. In Sajjar et al. (4), those with elevated microalbuminuria had a higher prevalence of hypertension,
diabetes, and cardiovascular disease. The association of
albuminuria persisted after adjustment for these vascular
risk factors. However, these risk factors were based on a
one-time evaluation and do not provide information on
the duration or severity of risk factors over time. Midlife
risk factors such as hypertension, obesity, and glucose
levels predict dementia later in life (16). In the Hisayama
Study, individuals with midlife hypertension had an increased risk of vascular dementia, regardless of whether
BP was elevated in later life (17). There was no association
with Alzheimer’s type dementia (17), although in the
Honolulu-Asia Aging Study, higher midlife systolic BP
was associated with increased neuritic plaques and neuroﬁbrillary tangles on autopsy (18). Albuminuria could
reﬂect the cumulative vascular damage over years related
to hypertension, abnormal glucose metabolism, and other
risk factors. In the Monitoring of Trends and Determinations
in Cardiovascular Disease-Augsburg/Cooperative Research
in the Region of Augsburg study, the prevalence of left ventricular hypertrophy increased across tertiles of urine
albumin level (19). The odds ratio for LVH was 2.1 in the
second quartile (4.32–8.75 mg/g in men; 4.60–9.48 mg/g
in women) compared with the lower quartile, indicating
that the association with organ damage begins at urine
albumin values ,30 mg/g. This suggests that albuminuria
may be a relatively simple, low-cost test that identiﬁes vascular damage to the kidney, heart, and brain.
It should be noted that the current criterion for microalbuminuria was designed for use as a screening test to
help guide treatment, as well as predict risk. Any selected
cutpoint for a test is somewhat arbitrary but needs to balance
both sensitivity (ability to predict disease if present) and
speciﬁcity (does not detect disease if disease is not present).
In an individual with diabetes and microalbuminuria, there
are potential treatments that can decrease future risk of renal
and cardiovascular events. If low levels of albuminuria
predicts cognitive decline, how would this change clinical
management? It would make sense to ensure that cardiovascular risk factors, which are also risk factors for cerebrovascular disease and cognitive decline, are controlled.
Would more speciﬁc treatments directed at improving or
preventing albuminuria decrease the risk of cognitive decline? In individuals with diabetes, tight glucose control
decreases the risk of new albuminuria. The results of the
Action to Control Cardiovascular Risk in Diabetes-Memory
in Diabetes study, an ancillary study to the Action to Control
Cardiovascular Risk in Diabetes study to test whether intensive glucose control decreases decline in cognitive function, have not yet been reported. There are also no trial data
that, in individuals without a history of stroke, treatment of
angiotensin-converting enzyme inhibitors or angiotensin
receptor blockers compared with other antihypertensives
decreases cognitive decline. Future studies should evaluate
whether intensive risk factor management or targeted treatment decreases cognitive decline.
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Hallé JP, Young J, Rashkow A, Joyce C, Nawaz S, Yusuf S; HOPE
Study Investigators: Albuminuria and risk of cardiovascular
events, death, and heart failure in diabetic and nondiabetic
individuals. JAMA 286: 421–426, 2001
9. Warnock DG, Muntner P, McCullough PA, Zhang X, McClure
LA, Zakai N, Cushman M, Newsome BB, Kewalramani R,
Steffes MW, Howard G, McClellan WM; REGARDS
Investigators: Kidney function, albuminuria, and all-cause
mortality in the REGARDS (Reasons for Geographic and Racial
Differences in Stroke) study. Am J Kidney Dis 56: 861–871,
2010
10. Matsushita K, van der Velde M, Astor BC, Woodward M, Levey
AS, de Jong PE, Coresh J, Gansevoort RT; Chronic Kidney Disease
Prognosis Consortium: Association of estimated glomerular filtration rate and albuminuria with all-cause and cardiovascular
mortality in general population cohorts: A collaborative metaanalysis. Lancet 375: 2073–2081, 2010
11. 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
12. Khatri M, Nickolas T, Moon YP, Paik MC, Rundek T, Elkind MS,
Sacco RL, Wright CB: CKD associates with cognitive decline.
J Am Soc Nephrol 20: 2427–2432, 2009
13. Seliger SL, Siscovick DS, Stehman-Breen CO, Gillen DL,
Fitzpatrick A, Bleyer A, Kuller LH: Moderate renal impairment
and risk of dementia among older adults: the Cardiovascular
Health Cognition Study. J Am Soc Nephrol 15: 1904–1911, 2004
14. Slinin Y, Paudel ML, Ishani A, Taylor BC, Yaffe K, Murray AM, Fink
HA, Orwoll ES, Cummings SR, Barrett-Connor E, Jassal S, Ensrud
KE; Osteoporotic Fractures in Men Study Group: Kidney function
and cognitive performance and decline in older men. J Am
Geriatr Soc 56: 2082–2088, 2008
15. Wang F, Zhang L, Liu L, Wang H: Level of kidney function correlates with cognitive decline. Am J Nephrol 32: 117–121, 2010
16. Hughes TF, Ganguli M: Modifiable midlife risk factors for late-life
cognitive impairment and dementia. Curr Psychiatry Rev 5: 73–
92, 2009
17. Ninomiya T, Ohara T, Hirakawa Y, Yoshida D, Doi Y, Hata J,
Kanba S, Iwaki T, Kiyohara Y: Midlife and late-life blood pressure

378

Clinical Journal of the American Society of Nephrology

and dementia in Japanese elderly: The Hisayama study. Hypertension 58: 22–28, 2011
18. Petrovitch H, White LR, Izmirilian G, Ross GW, Havlik RJ,
Markesbery W, Nelson J, Davis DG, Hardman J, Foley DJ, Launer
LJ: Midlife blood pressure and neuritic plaques, neurofibrillary
tangles, and brain weight at death: The HAAS. Honolulu-Asia
aging Study. Neurobiol Aging 21: 57–62, 2000
19. Lieb W, Mayer B, Stritzke J, Doering A, Hense HW, Loewel H,
Erdmann J, Schunkert H: Association of low-grade urinary

albumin excretion with left ventricular hypertrophy in the
general population: The MONICA/KORA Augsburg Echocardiographic Substudy. Nephrol Dial Transplant 21: 2780–2787, 2006
Published online ahead of print. Publication date available at www.
cjasn.org.
See related article, “Kidney Dysfunction and Cognitive Decline in
Women,” on pages 437–443.

