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Vascular Risk Factors and Cognitive Impairment in
Chronic Kidney Disease: The Chronic Renal
Insufficiency Cohort (CRIC) Study
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Stephen L. Seliger,¶¶ Glenn M. Chertow,* and Alan S. Go***†††

Summary
Background and objectives Cognitive impairment is common among persons with chronic kidney disease,
but the extent to which nontraditional vascular risk factors mediate this association is unclear.
Design, setting, participants, & measurements We conducted cross-sectional analyses of baseline data collected from adults with chronic kidney disease participating in the Chronic Renal Insufficiency Cohort
study. Cognitive impairment was defined as a Modified Mini-Mental State Exam score ⬎1 SD below the
mean score.
Results Among 3591 participants, the mean age was 58.2 ⫾ 11.0 years, and the mean estimated GFR (eGFR)
was 43.4 ⫾ 13.5 ml/min per 1.73 m2. Cognitive impairment was present in 13%. After adjustment for demographic characteristics, prevalent vascular disease (stroke, coronary artery disease, and peripheral arterial disease) and traditional vascular risk factors (diabetes, hypertension, smoking, and elevated cholesterol), an eGFR ⬍30 ml/min per 1.73 m2 was associated with a 47% increased odds of cognitive
impairment (odds ratio 1.47, 95% confidence interval 1.05, 2.05) relative to those with an eGFR 45 to 59 ml/
min per 1.73 m2. This association was attenuated and no longer significant after adjustment for hemoglobin
concentration. While other nontraditional vascular risk factors including C-reactive protein, homocysteine,
serum albumin, and albuminuria were correlated with cognitive impairment in unadjusted analyses, they
were not significantly associated with cognitive impairment after adjustment for eGFR and other confounders.
Conclusions The prevalence of cognitive impairment was higher among those with lower eGFR, independent of traditional vascular risk factors. This association may be explained in part by anemia.
Clin J Am Soc Nephrol 6: 248 –256, 2011. doi: 10.2215/CJN.02660310

Introduction
Cognitive impairment has long been recognized as
a complication of ESRD (1). Recent studies indicate
that cognitive impairment is present at early stages of
chronic kidney disease (CKD) (2,3), and several, although not all, suggest that the risk of cognitive decline is dependent on the severity of CKD (4 – 8). Most
previously published studies were limited to the elderly and had limited racial/ethnic diversity or representation of advanced CKD. Thus, less is known
about the recent epidemiology of cognitive impairment among young or middle-aged persons with
CKD and among persons with advanced CKD who
are approaching ESRD.
Persons with CKD have a large burden of clinical
and subclinical cerebrovascular disease (9). In the
general population traditional vascular risk factors
such as diabetes mellitus, hypertension, dyslipidemia,
and smoking are associated with a 20 to 40% increased risk for dementia, and these risks appear to be
248
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additive (10,11). However, in several studies these
factors do not fully account for the high prevalence of
cognitive impairment in persons with CKD (5,2,4).
For example, in the Cardiovascular Health Study and
in the Health, Aging and Body Composition Study,
CKD was associated with a 32 to 143% increased risk
for incident dementia and cognitive decline, respectively, after adjustment for prevalent vascular disease
and traditional vascular risk factors (4,5). Nontraditional vascular risk factors such as inflammation, malnutrition, hyperhomocysteinemia, anemia, and albuminuria are common among persons with CKD and
frequently speculated as contributing risk factors for
death and cardiovascular disease in CKD, but their
role as risk factors for cognitive impairment in persons with CKD has not been rigorously evaluated. We
aimed to characterize the association between level of
kidney function, traditional and nontraditional vascular risk factors, and cognitive impairment in a large,
diverse sample of persons with CKD. We hypothe-
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sized that lower estimated GFR (eGFR) would be
associated with cognitive impairment independent of
traditional vascular risk factors but that the association would be attenuated after accounting for selected
nontraditional vascular risk factors.

Materials and Methods
Study Design and Recruitment
The Chronic Renal Insufficiency Cohort (CRIC)
Study is a prospective observational study designed
to evaluate risk factors for progression of CKD and
cardiovascular disease among adults with moderate
to advanced CKD. The study design and methods
have been previously described (12,13). Briefly, persons aged 21 to 74 years were recruited from seven
clinical centers across the United States from July 1,
2003 through December 31, 2006. Participants met
age-based eGFR criteria: 20 to 70 ml/min per 1.73 m2
for ages 21 to 44 years, 20 to 60 ml/min per 1.73 m2 for
ages 45 to 64 years, and 20 to 50 ml/min per 1.73 m2
for ages 65 to 74 years. The target age distribution was
approximately 25% of the sample being aged 21 to 44
years, 50% being aged 45 to 64 years, and 25% being
aged 65 to 74 years; 50% were persons of color; and
50% had diabetes. Exclusion criteria included diagnosis of polycystic kidney disease, multiple myeloma,
renal carcinoma, HIV infection, cirrhosis, New York
Heart Association Class III or IV heart failure, pregnancy, recent immunosuppression for kidney disease,
recent chemotherapy for systemic cancer, prior receipt of dialysis or organ transplant, or institutionalization. Institutional review boards at all clinical sites
approved the study protocol, and all participants
signed informed consent.
Traditional Vascular Risk Factors
At the baseline visit, participants completed questionnaires ascertaining sociodemographic information, medical and family history, medication use, and
health behaviors. Height, weight, and BP were recorded by trained study personnel. Diabetes was defined as self-report of diabetes, use of medications for
diabetes, or a fasting blood glucose of ⱖ126 mg/dl.
Hypertension was defined as self-report of hypertension, use of medications for high BP, or a seated BP of
ⱖ140/80 mmHg. History of elevated cholesterol was
defined by self-report or use of medications for elevated cholesterol. Smoking was defined as current or
previous history of smoking cigarettes. Coronary
heart disease was defined as self-report of a myocardial infarction, angina, coronary artery bypass grafting, or percutaneous coronary intervention procedure. Cerebrovascular disease was defined as selfreport of a stroke. Peripheral arterial disease was
defined as self-report of claudication, amputation, or
revascularization procedure of the extremities.
Kidney Function and Nontraditional Vascular Risk
Factors
Blood was drawn at baseline in the fasting state for
measurement of serum creatinine, glucose, lipopro-
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teins, albumin, C-reactive protein (CRP), homocysteine, and a complete blood count. Serum creatinine
was measured at a central study laboratory using the
Jaffe rate method. Estimated GFR was calculated using the four-variable Modification of Diet in Renal
Disease study equation (14). Total cholesterol was
assayed on a Hitachi 912 analyzer using Roche reagents. High sensitivity C-reactive protein was assayed on the Siemens BNII Nephelometer. Homocysteine was assayed by fluorescence polarization on the
Abbott Axsym using Abbott Reagent. Urine albumin
and creatinine were measured on spot urine samples
using a Siemens Immulite.
Assessment of Cognitive Function and Definition of
Outcome
Cognitive function was assessed with the Modified
Mini-Mental State Exam (3MS) (15). The 3MS is a test
of global cognitive function with components for concentration, orientation, language, praxis, and memory. Scores on the 3MS range from 0 to 100, with
higher scores denoting better cognitive function. Cognitive impairment was defined as a 3MS score ⬎1 SD
below the mean; this cut-point has a sensitivity of 92%
and a specificity of 87% for a diagnosis of dementia in
older individuals (16). In sensitivity analyses, we also
defined cognitive impairment as a 3MS score ⬍80 (5).
Statistical Analyses
The continuous variables were expressed as the
means ⫾ SD and compared using ANOVA. Categorical variables were expressed as proportions and compared using the chi-squared test. We first evaluated
the distribution of 3MS scores and the association
between eGFR and 3MS scores graphically. For subsequent analyses, eGFR was analyzed as a continuous
variable and as a categorical variable using a modification of National Kidney Foundation strata (ⱖ60, 45
to 59, 30 to 44, and ⬍30 ml/min per 1.73 m2).
We used logistic regression to determine the association, expressed as an odds ratio (OR) and 95%
confidence interval (CI), between eGFR and cognitive
impairment, using individuals with an eGFR 45 to 59
ml/min per 1.73 m2 as the referent group because
individuals in the eGFR ⱖ60 ml/min per 1.73 m2
group were substantially younger, as expected, due to
age-based eGFR entry criteria. Because prevalent vascular disease may act as both a confounder and a
mediator of cognitive impairment in persons with
CKD, we tested the association of eGFR with cognitive impairment in (1) unadjusted models, (2) parsimonious models including demographic characteristics (age, sex, race, ethnicity, education, and CRIC
clinical site) and stroke, and (3) fully adjusted multivariable models including variables in the parsimonious model plus traditional vascular risk factors (diabetes, hypertension, smoking, history of elevated
cholesterol, coronary heart disease, and peripheral
arterial disease). We also tested interaction terms for
age, sex, race, ethnicity, diabetes status, and stroke by
eGFR.
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Next, we evaluated whether nontraditional vascular risk factors were independently associated with
cognitive impairment and whether they helped to
explain the association of eGFR with cognitive impairment. We first determined the association between nontraditional vascular risk factors and cognitive impairment in unadjusted models and in models
adjusted for demographic characteristics and traditional vascular risk factors. Then, starting with the
parsimonious eGFR model described above, we used
stepwise forward logistic regression to test whether
any traditional vascular risk factors remained significant in multivariable analyses. We then added nontraditional vascular risk factors to the resulting model
using stepwise forward regression to determine
whether any of these measures remained significant
in multivariable analyses. Candidate variables in
these analyses included hemoglobin, serum albumin,
log (CRP), homocysteine (per 1 mg/dl increase), and
albuminuria (⬍30, 30 to 299, 300 to 999, and ⱖ1000
mg/d), as well as measured BP and total cholesterol
(the latter were evaluated in this model to avoid
co-linearity with the dichotomous variables hypertension and history of elevated cholesterol). Analyses
were conducted using SAS v9.1 (Cary, NC).

Results
Subject Characteristics
There were 3612 participants recruited into the
CRIC cohort. Of these, 21 were missing 3MS scores;
therefore the final analytic cohort consisted of 3591
participants. The mean age was 58.2 ⫾ 11.0 years, and
the mean eGFR was 43.4 ⫾ 13.5 ml/min per 1.73 m2.
Subject characteristics stratified by eGFR are shown in
Table 1. Those with a lower eGFR were older, more
likely to be women, and more likely to have vascular
disease and traditional vascular risk factors. Those
with a lower eGFR also had lower levels of hemoglobin and serum albumin and higher levels of CRP,
homocysteine, and albuminuria.
Association of eGFR with Cognitive Impairment
The distribution of 3MS scores among the 3591
CRIC participants is shown in Figure 1. The mean
3MS score was 92 ⫾ 8. There were 343 participants
(9.6%) who received a score of 100, the test maximum,
and 453 participants (12.6%) who received a score
more than 1 SD below the mean, meeting the definition for cognitive impairment. Compared with participants who had eGFR 45 to 59 ml/min per 1.73 m2,
there were lower odds of cognitive impairment
among participants with eGFR ⱖ60 ml/min per 1.73
m2 (OR 0.61, 95% CI 0.39, 0.97) and increased odds of
cognitive impairment among participants with an
eGFR 30 to 44 ml/min per 1.73 m2 (OR 1.59, 95% CI
1.24, 2.04) and participants with an eGFR ⬍30 ml/min
per 1.73 m2 (OR 2.29, 95% CI 1.74, 3.01) in unadjusted
analyses (Figure 2). A test for linear trend across eGFR
strata was significant (P ⬍ 0.001). These associations
were attenuated but remained significant for participants with eGFR ⬍30 ml/min per 1.73 m2 after ad-

justment for demographic characteristics and stroke
(for eGFR ⬍30 ml/min per 1.73 m2, OR 1.47, 95% CI
1.05, 2.05). Additional adjustment for diabetes, hypertension, smoking, elevated cholesterol, coronary heart
disease, and peripheral arterial disease did not significantly affect the results compared with the demographics adjusted model (for eGFR ⬍30 ml/min per
1.73 m2, OR 1.45, 95% CI 1.04, 2.03).
When eGFR was analyzed as a continuous variable,
each 10 ml/min per 1.73 m2 decrease in eGFR was
associated with a 12% higher odds for cognitive impairment in the fully adjusted multivariable model
(OR 1.12, 95% CI 1.01, 1.24). This association was not
significantly modified by age, sex, race, ethnicity, diabetes status, and stroke (P for interaction terms was
NS). In sensitivity analyses, there were 292 individuals with a 3MS ⬍80 (8.1%). Using this cut-point, in the
fully adjusted model each 10 ml/min per 1.73 m2
decrease in eGFR was associated with 10% higher
odds for cognitive impairment (OR 1.10, 95% CI 0.97
to 1.23).
eGFR, Vascular Risk Factors, and Cognitive
Impairment
In addition to eGFR, prevalent vascular disease and
several traditional vascular risk factors were associated with higher odds of cognitive impairment in
unadjusted analyses (Table 2). A number of nontraditional vascular risk factors were also associated with
higher odds of cognitive impairment, including lower
hemoglobin, lower serum albumin, higher log CRP,
higher homocysteine, and higher levels of albuminuria; however, only hemoglobin remained associated
with cognitive impairment after adjustment for other
risk factors (OR 1.08, 95% CI 0.99, 1.17; Table 2). In a
stepwise forward logistic regression model that included eGFR and demographic characteristics, stroke
was the only traditional vascular risk factor that remained significantly associated with cognitive impairment. In a stepwise forward logistic regression
model that included eGFR, demographic characteristics, stroke, and nontraditional vascular risk factors,
hemoglobin was the only nontraditional risk factor
that remained significantly correlated with cognitive
impairment. Each 1 g/dl decrease in hemoglobin was
associated with a 9% increased odds of cognitive impairment (OR 1.09, 95% CI 1.01, 1.18). Adjustment for
hemoglobin attenuated the significant association of
the lowest eGFR strata with cognitive impairment
such that the association was no longer significant
(Table 2), although a test for linear trend across eGFR
categories remained of borderline significance (P ⫽
0.05; Figure 2).

Discussion
Understanding the epidemiology of cognitive impairment in persons with CKD is important when
considering the development and implementation of
effective prevention and treatment strategies. Our
findings demonstrate that among persons with CKD,
the prevalence of cognitive impairment increases lin-
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57 (4.3%)
262 (19.8%)
279 (21.0%)
395 (29.8%)
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1201 (90.6%)
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eGFR 30 to ⬍45 (n ⫽ 1326)

58.6 (11.3)
311 (46.8%)
341 (51.3%)
54 (8.1%)

The results are presented as the means (standard deviation) or frequency (N, %).

Demographic characteristics
age (years)
male
non-white
Hispanic
education
less than high school
high school graduate
some college
college graduate
Prevalent conditions
diabetes
hypertension
history of elevated cholesterol
smoking (ever vs. never)
stroke
coronary heart disease
peripheral arterial disease
Anthropometric and laboratory measures
eGFR (ml/min per 1.73 m2)
systolic blood pressure (mmHg)
diastolic blood pressure (mmHg)
total cholesterol (mg/dl)
hemoglobin (g/dl)
serum albumin (g/dl)
log C-reactive protein
total homocysteine (mol/L)
albuminuria (mg/day)
⬍30 mg/day
30 to 299 mg/day
300 to 999 mg/day
ⱖ1000 mg/day

eGFR ⬍30 (n ⫽ 665)

Table 1. Characteristics of CRIC participants, stratified by baseline eGFR (in ml/min per 1.73 m2)
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191 (47.8%)
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32 (8.0%)
70 (17.5%)
139 (34.8%)
158 (39.6%)

51.5 (11.0)
228 (57%)
230 (57.5%)
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eGFR ⱖ60
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⬍0.01
⬍0.01
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Figure 1. | Distribution of Modified Mini-Mental State Exam (3MS) scores among CRIC participants.

Figure 2. | Association of estimated GFR with cognitive impairment in unadjusted and adjusted models among 3591 CRIC
participants. The bars indicate 95% confidence intervals. Referent category is eGFR 45 to 59 ml/min per 1.73 m2. An asterisk
indicates P ⬍ 0.05. P for linear trend across eGFR strata ⫽ ⬍0.0001, 0.059, 0.063, and 0.052 in the unadjusted, demographics
adjusted, traditional vascular risk factor adjusted, and fully adjusted models, respectively. CVD, cardiovascular disease; CV,
cardiovascular. †Model adjusted for eGFR, age, sex, race, ethnicity, education, stroke, and CRIC clinical site. ‡Model adjusted for
eGFR, age, sex, race, ethnicity, education, stroke, diabetes, hypertension, smoking, history of elevated cholesterol, coronary heart
disease, peripheral arterial disease, and CRIC clinical site. ††Model adjusted for eGFR, age, sex, race, ethnicity, education, stroke,
hemoglobin, and CRIC clinical site.

early as eGFR declines and that this association is
consistent across age, sex, race, and other clinically
important patient groups. The magnitude of the association, an increase in prevalence of approximately
12% for each 10 ml/min per 1.73 m2 decrease in eGFR,
is comparable with or larger than that of other potentially modifiable risk factors for cognitive impairment, such as BP (17) or hyperglycemia in persons
with diabetes (18). The association of eGFR with cognitive impairment was independent of prevalent
known vascular disease and several traditional vascular risk factors; however, the association was attenuated and no longer significant after additional ad-

justment for hemoglobin, suggesting that anemia may
be an important risk marker for cognitive impairment
among individuals with CKD.
The findings from this study confirm and extend
several previous reports indicating an association between CKD and the prevalence of cognitive impairment (3,2), the risk of cognitive decline (5,8), and the
risk of incident dementia (4) in community samples of
mostly older adults by demonstrating a robust association between eGFR and cognitive impairment in a
racially and ethnically diverse sample with a broad
age range and a wide spectrum of CKD severity.
Thus, our results should be broadly generalizable to

1.08 (0.99, 1.17)
1.05 (0.95, 1.16)
1.13 (0.81, 1.56)
1.00 (0.99, 1.02)
1.00 (Referent)
1.25 (0.90, 1.74)
1.22 (0.82, 1.79)
1.16 (0.76, 1.78)

1.00 (Referent)
1.67 (1.29, 2.17)
2.01 (1.49, 2.72)
2.19 (1.63, 2.93)

2.37 (1.72, 3.25)
1.00 (Referent)
0.39 (0.27, 0.56)
0.19 (0.12, 0.30)
1.91 (1.35, 2.70)
1.01 (0.77, 1.34)
1.07 (0.64, 1.80)
1.15 (0.80, 1.65)
0.68 (0.52, 0.89)
1.03 (0.76, 1.39)
1.06 (0.69, 1.64)

1.37 (1.19, 1.59)
1.48 (1.12, 1.97)
3.89 (2.76, 5.47)
4.38 (2.65, 7.26)

Adjusted for
Demographics and
Vascular Risk Factors

3.40 (2.62, 4.41)
1.00 (Referent)
0.37 (0.27, 0.51)
0.13 (0.09, 0.20)
2.29 (1.75, 2.99)
1.83 (1.50, 2.24)
3.62 (2.33, 5.61)
1.33 (1.01, 1.75)
1.07 (0.88, 1.31)
1.46 (1.17, 1.82)
2.00 (1.45, 2.76)
1.23 (1.18, 1.28)
1.00 (0.92, 1.08)
0.99 (0.97, 1.01)
1.32 (1.23, 1.39)
1.18 (1.09, 1.27)
1.79 (1.47, 2.22)
1.04 (1.03, 1.06)

0.61 (0.39, 0.97)
1.00 (Referent)
1.59 (1.24, 2.04)
2.29 (1.74, 3.01)
1.37 (1.24, 1.52)
0.99 (0.81, 1.20)
4.21 (3.32, 5.33)
4.41 (3.16, 6.14)

Unadjusted

2.12 (1.59, 2.82)
1.00 (Referent)
0.38 (0.27, 0.53)
0.18 (0.12, 0.29)
1.64 (1.20, 2.24)

0.77 (0.46, 1.28)
1.00 (Referent)
1.16 (0.87, 1.55)
1.47 (1.05, 2.05)
1.41 (1.24, 1.60)
1.29 (1.02, 1.64)
4.27 (3.12, 5.82)
5.05 (3.21, 7.94)

Adjusted for eGFR,
Demographics, and
Stroke

2.19 (1.65, 2.93)
1.00 (Referent)
0.38 (0.27, 0.53)
0.18 (0.11, 0.27)
1.62 (1.18, 2.22)
1.09 (0.86, 1.39)
1.16 (0.71, 1.91)
1.09 (0.79, 1.52)
0.65 (0.51, 0.84)
1.09 (0.83, 1.44)
1.04 (0.70, 1.54)

0.78 (0.47, 1.30)
1.00 (Referent)
1.15 (0.86, 1.53)
1.46 (1.04, 2.04)
1.41 (1.24, 1.60)
1.38 (1.08, 1.77)
4.19 (3.06, 5.74)
4.63 (2.92, 7.34)

Adjusted for eGFR,
Demographics, and
Traditional Vascular
Risk Factors

1.09 (1.01, 1.18)

2.29 (1.67, 3.12)
1.00 (Referent)
0.39 (0.27, 0.56)
0.20 (0.12, 0.31)
1.97 (1.40, 2.78)

0.68 (0.38, 1.24)
1.00 (Referent)
1.12 (0.82, 1.54)
1.28 (0.88, 1.86)
1.31 (1.14, 1.50)
1.48 (1.13, 1.95)
4.04 (2.88, 5.68)
4.76 (2.90, 7.82)

Fully Adjusted
Model
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Note that adjusted models include CRIC clinical site in addition to the variables shown.

eGFR (ml/min per 1.73 m2)
ⱖ60
45 to 59
30 to 44
⬍30
Age (per 10 years)
Male (versus female)
Non-white (versus white)
Hispanic (versus non-Hispanic)
Education
less than high school
high school graduate
some college
college graduate
Stroke
Diabetes
Hypertension
Elevated cholesterol
Smoking (ever versus never)
Coronary heart disease
Peripheral arterial disease
Systolic blood pressure (per 10 mmHg increase)
Diastolic blood pressure (per 10 mmHg increase)
Total cholesterol (per 10 mg/dl increase)
Hemoglobin (per g/dl decrease)
Log C-reactive protein
Serum albumin (per g/dl decrease)
Total homocysteine (per mol/L increase)
Albuminuria
⬍30 mg/day
30 to 299 mg/day
300 to 999 mg/day
ⱖ1000 mg/day

Characteristic

Odds Ratio and 95% Confidence Interval

Table 2. Association of eGFR and vascular risk factors with cognitive impairment (Modified Mini-Mental State Exam >1 SD below mean)
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patients with CKD. In contrast to most previous studies, which had limited representation of individuals
with stage 4 CKD, 19% of our study sample had an
eGFR ⬍30 ml/min per 1.73 m2; thus, we were able to
assess whether there were nonlinear associations between eGFR and cognitive impairment. In contrast to
our findings, a few studies have reported no association between eGFR and cognitive impairment. For
example, in a study of 5529 community-dwelling elderly men, there was no association between eGFR
and prevalent cognitive impairment or cognitive decline using the 3MS to assess cognitive function at
baseline and follow-up (6). In a smaller study of frail
elderly, albuminuria, but not eGFR, was associated
with poorer performance on several cognitive measures (7). These negative findings may be explained
by a low prevalence of CKD in these cohorts.
There is growing awareness that persons with CKD
have a substantial burden of subclinical cerebrovascular disease, which may in turn contribute to cognitive impairment. Persons with CKD have more brain
white matter lesions, lacunar infarcts, and subcortical
atrophy, all markers of cerebral small vessel disease,
even in the absence of clinical stroke (9,19,20). These
lesions are strongly associated with risk for cognitive
impairment and dementia in the general population
(21,22). In this study, while a self-reported history of
stroke was independently associated with higher
odds of cognitive impairment, traditional vascular
risk factors and other prevalent vascular diseases
were not significantly associated with cognitive impairment after adjusting for demographic factors and
eGFR. This may suggest that eGFR is a marker of
brain vascular disease that reflects the severity of
vascular injury. Alternatively, CKD may lead to cerebrovascular disease and impaired cognitive function
through nontraditional vascular risk factors. We evaluated several nontraditional vascular risk markers in
this study: hemoglobin, serum albumin, CRP, homocysteine, and albuminuria. Only hemoglobin remained significantly correlated with cognitive impairment after multivariable adjustment. The lack of a
significant association between homocysteine and
cognitive impairment in adjusted models is consistent
with the results of a recent negative trial of homocysteine lowering in patients with CKD (23). The absence
of a significant association between albuminuria and
cognitive impairment in this study is in contrast to
previous studies (7,24,25). This observation may indicate that, in persons with more advanced CKD, albuminuria does not add additional predictive information after accounting for eGFR.
Anemia has been linked with cognitive impairment
in the general population (26) and in persons with
ESRD (27,28). Furthermore, in uncontrolled studies of
patients receiving hemodialysis, amelioration of severe anemia with erythropoietin is associated with
improvement in cognitive function (29,30). In this
study, low hemoglobin levels were significantly correlated with cognitive impairment and attenuated the
association of eGFR with cognitive impairment.

Taken together, these findings may suggest that anemia mediates, in part, the observed association of
CKD with cognitive impairment. The mechanisms by
which anemia might directly contribute to cognitive
impairment have not been elucidated. Chronic anemia may cause subclinical cerebral ischemia, particularly in the setting of pre-existing cerebrovascular
disease. Up-regulation of cellular mechanisms to
maintain cerebral oxygen delivery may also have deleterious effects. For example, erythropoietin may promote vascular thrombosis, nitric-oxide synthase leads
to vasodilation but may also increase reactive oxygen
species, and vascular endothelial growth factor increases angiogenesis but may lead to disruption of the
blood-brain barrier (31). To our knowledge, cognitive
function was not assessed in recent trials of erythropoietin to correct anemia in persons with CKD (32,33);
thus, it remains unclear whether anemia is a mediator
or marker of other conditions, such as inflammation
or nutritional deficiencies, which may contribute to
cognitive impairment. In the absence of data from
controlled studies, it is difficult to determine what
effect recent calls for more restricted use of erythropoiesis-stimulating agents might have on the burden
of cognitive impairment in this population (34).
Our study has several strengths, including a large,
racially diverse sample with a wide age range and
increased representation of young adults and persons
with advanced CKD compared with previous studies
and the systematic measurement of kidney function,
cognitive function, and multiple nontraditional vascular risk factors. There are also several limitations.
First, we used a single measure (i.e. 3MS) to evaluate
cognitive function. While this test has been extensively validated, it does not assess executive function,
which is more strongly linked with vascular causes of
cognitive impairment. Second, individuals with normal screening eGFR were, by definition, excluded
from CRIC. This may have led us to underestimate
the magnitude of association between eGFR and cognitive impairment. Third, we lacked information on
other factors such as vitamin D deficiency, which may
also be associated with cognitive impairment (35,36).
Finally, these analyses were cross-sectional and therefore causality cannot be determined. Ongoing longitudinal substudies within CRIC should further delineate the association between impaired kidney
function and cognition and whether cognitive decline
might be prevented by slowing the progression of
CKD.

Conclusions
In sum, among a large diverse sample of adults
with CKD, we demonstrated that lower eGFR is associated with cognitive impairment independent of
traditional vascular risk factors and that this association is attenuated after adjustment for hemoglobin
level. Given the burden of cognitive impairment in
persons with CKD and its potential adverse effect on
patient outcomes, intervention trials targeting CKD
progression or correction of CKD-associated anemia
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should include careful evaluation of cognitive function as a primary or secondary end point.
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