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Abstract

Background: Anemia is common among patients with chronic kidney disease (CKD) but its health consequences
are poorly defined. The aim of this study was to determine the relationship between anemia and cognitive decline
in older adults with CKD.

Methods: We studied a subgroup of 762 adults age ≥55 years with CKD participating in the Chronic Renal Insufficiency
Cohort (CRIC) study. Anemia was defined according to the World Health Organization criteria (hemoglobin <13 g/dL for
men and <12 g/dL for women). Cognitive function was assessed annually with a battery of six tests. We used logistic
regression to determine the association between anemia and baseline cognitive impairment on each test, defined as a
cognitive score more than one standard deviation from the mean, and mixed effects models to determine the relation
between anemia and change in cognitive function during follow-up after adjustment for demographic and clinical
characteristics.

Results: Of 762 participants with mean estimated glomerular filtration rate of 42.7 ± 16.4 ml/min/1.73 m2, 349 (46 %) had
anemia. Anemia was not independently associated with baseline cognitive impairment on any test after adjustment for
demographic and clinical characteristics. Over a median 2.9 (IQR 2.6–3.0) years of follow-up, there was no independent
association between anemia and change in cognitive function on any of the six cognitive tests.

Conclusions: Among older adults with CKD, anemia was not independently associated with baseline cognitive function
or decline.
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Background
Cognitive impairment affects up to one-third of patients
with advanced chronic kidney disease (CKD) and end-
stage renal disease (ESRD) [1, 2]. The prevalence of cog-
nitive impairment increases early in the course of kidney
disease, and several studies suggest CKD increases the
risk for cognitive decline independent of age, diabetes
and hypertension [3, 4]. However, the mechanisms lead-
ing to increased risk for cognitive decline among
patients with CKD remain poorly understood.
In the general population, anemia is associated with

increased risk for cognitive decline and dementia. In

prospective studies, anemia has been associated with a
41–61 % increased risk for dementia [5–7]. Anemia is
common among patients with CKD [8, 9], due in part to
reduced erythropoietin production as kidney function
declines. Some, but not all studies have identified a
cross-sectional association between anemia and cogni-
tive function in patients with ESRD. [2, 10] Previously,
we found that lower hemoglobin (Hb) concentration was
cross-sectionally associated with a higher prevalence of
cognitive impairment using a single measure of cognitive
function in the Chronic Renal Insufficiency Cohort
(CRIC), a large, racially diverse cohort of adults with
CKD [11]. Prospective studies of the association between
anemia and change in cognitive function in patients with
CKD are lacking.
We examined whether anemia was independently cor-

related with cross-sectional and longitudinal measures of

* Correspondence: mktamura@stanford.edu
1VA Palo Alto Geriatric Research and Education Clinical Center, 3801 Miranda
Ave., Palo Alto, CA 94304, USA
2Division of Nephrology, Stanford University School of Medicine, Palo Alto,
CA, USA
Full list of author information is available at the end of the article

© 2016 Kurella Tamura et al. Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Kurella Tamura et al. BMC Nephrology  (2016) 17:13 
DOI 10.1186/s12882-016-0226-6

http://crossmark.crossref.org/dialog/?doi=10.1186/s12882-016-0226-6&domain=pdf
mailto:mktamura@stanford.edu
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/


cognitive function in adults with CKD. To address this
question, we used data collected in the CRIC study,
which included annual comprehensive cognitive assess-
ments in a subset of older adults.

Methods
Study design and recruitment
The CRIC Study is a prospective observational cohort
study designed to evaluate risk factors for progression of
CKD among adults with moderate to advanced CKD.
The study design, methods and baseline characteristics of
study participants have been previously described [12, 13].
From June 2003 through May 2008, we recruited 3939
persons aged 21–74 years from seven clinical centers
across the United States. Participants met age-based
estimated glomerular filtration rate (eGFR) criteria: 20–
70 ml/min/1.73 m2 for ages 21–44 years, 20–60 ml/min/
1.73 m2 for ages 45–64 years, and 20–50 ml/min/1.73 m2

for ages 65–74 years. Exclusion criteria included diag-
nosis of polycystic kidney disease, pregnancy, recent
immunosuppression for kidney disease, coexisting dis-
ease likely to affect survival, prior receipt of dialysis
or organ transplant, or institutionalization (including
residence in nursing homes).

Ethics, consent and permissions
Institutional Review Boards at all clinical sites approved
the study protocol and all participants provided written
informed consent (Additional file 1).

Assessment of cognitive function
Beginning in 2006, 825 participants aged 55 or older
from four of the seven CRIC clinical centers were en-
rolled in an ancillary study (the CRIC COG Study). They
underwent an annual battery of the six following cogni-
tive function tests [14]. The Modified Mini-Mental State
Exam (3MS) is a test of global cognitive function with
components for concentration, orientation, language,
praxis, and memory [15]. The Trailmaking Test (Trails)
A measures attention, visuospatial scanning, and motor
speed. The Trailmaking Test (Trails) B primarily assesses
executive function [16]. Category Fluency evaluates ver-
bal production, semantic memory, and language [17].
The Buschke Selective Reminding Test measures verbal
memory with delayed components [18]. The Boston
Naming assesses language function by asking partici-
pants to name objects presented in pictures [17].

Assessment of anemia and other covariates
At the baseline study visit and each annual visit there-
after, a complete blood count was performed. For these
analyses, we used the Hb measurement corresponding
to the first cognitive battery assessment. Anemia was
defined according to the World Health Organization

criteria of Hb <13 g/dL in men or Hb <12 g/dL in
women [19]. Red cell mean corpuscular volume was cat-
egorized as <80, 80–99, and ≥100 fL for descriptive
purposes.
Socio-demographic and clinical characteristics were

assessed at the baseline visit and updated annually. We
defined diabetes by participant self-report, use of medica-
tions for diabetes, or fasting blood glucose of ≥126 mg/dL.
We defined hypertension by participant self-report, use of
medications for high blood pressure, or a seated blood
pressure of ≥140/80 mm Hg. We defined coronary heart
disease as participant self-report of a myocardial infarc-
tion, angina or coronary revascularization procedure. We
defined cerebrovascular disease as participant self-report
of a stroke. We defined peripheral vascular disease as par-
ticipant self-report of claudication, amputation, or revas-
cularization procedure of the extremities. We defined
alcohol use as participant self-report of current or former
use of beer, wine or liquor. Erythropoietin use in the pre-
vious 30 days was ascertained by medication review con-
ducted by CRIC Study personnel. Serum creatinine
concentration and cystatin C concentration were mea-
sured annually at the central study laboratory. We calcu-
lated the estimated glomerular filtration rate (eGFR) with
an equation derived from the CRIC Study, using the
annual serum creatinine and cystatin C measurements cor-
responding to the first cognitive function assessment [20].

Statistical analyses
Continuous variables were expressed as means ± stand-
ard deviations (SDs) and compared using t-tests. Cat-
egorical variables were expressed as proportions and
compared using the chi-squared test. We defined clinic-
ally significant cognitive impairment for each test separ-
ately, as a score one standard deviation (SD) or worse
than the mean [21]. We estimated the association between
anemia and baseline cognitive impairment using logistic
models. The first model adjusted for demographic charac-
teristics - age, sex, race, education and CRIC clinical cen-
ter. The second model adjusted for demographic
characteristics in addition to chronic health conditions
-diabetes, hypertension, coronary artery disease, periph-
eral vascular disease, stroke, and alcohol use. The third
model additionally adjusted for eGFR.
Next, we determined the association between anemia

at baseline and annualized visit-to-visit changes in cogni-
tive scores on each test, using mixed effects models with
unstructured residual correlation matrix to account for
within-subject correlation of the repeated changes. Cog-
nitive assessments obtained after the development of
ESRD were not included in longitudinal models. We
constructed three models, as we did for the cross-
sectional analysis, sequentially adjusting for baseline
cognitive function and demographic characteristics,
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chronic health conditions, and eGFR. In sensitivity ana-
lyses, we excluded individuals receiving erythropoietin
stimulating agents for treatment of anemia. We also
conducted sensitivity analyses evaluating Hb as a con-
tinuous measure. All analyses were conducted using SAS
9.4 (Cary, NC).

Results
Of the 825 participants enrolled in the CRIC COG
study, 26 were missing baseline Hb values and 37 were
missing key covariates, resulting in an analytic cohort of
762 participants. The sample had a mean age of 64.4 ±
5.6 years and mean eGFR of 42.7 ± 16.4 ml/min/1.73 m2.
Anemia was present in 349 (46 %) of participants. Com-
pared to participants without anemia, participants with
anemia were more likely to be black and have lower edu-
cational attainment (Table 1). In addition, participants
with anemia were more likely to have diabetes, hyperten-
sion, coronary artery disease, peripheral vascular disease,
and stroke, and less likely to currently use alcohol. Par-
ticipants with anemia had lower eGFR and higher levels
of albuminuria. The majority of participants with anemia
had a mean corpuscular volume in the normocytic range
(80–99 fL). There were 50 participants (6.6 %) receiving
erythropoietin stimulating agents, including 38 (10.9 %)
participants with anemia. The distribution of Hb values
stratified by sex is shown in Fig. 1.
In analyses adjusted for demographic characteristics,

anemia was associated with higher odds of cognitive im-
pairment on the Trails A at baseline, but not signifi-
cantly associated with impairment on other cognitive
tests (Table 2). After adjustment for age, sex, race, edu-
cation, CRIC clinical center, diabetes, hypertension,
coronary artery disease, peripheral vascular disease, stroke,
alcohol use, and eGFR, there was no significant associ-
ation between anemia and cognitive impairment on any of
the six cognitive measures.
There were 70 participants who did not complete any

follow-up cognitive assessments. The remaining 692 par-
ticipants were followed for a median of 2.9 years (IQR
2.6–3.0). There was no significant association between
anemia and change in cognitive function on the 3MS,
Buschke Delayed Recall, Boston Naming and Trails A
tests in the partially adjusted or fully adjusted models
(Table 3). After adjustment for baseline cognitive func-
tion, age, sex, race, education and CRIC clinical center,
there was a significant association between anemia and
more pronounced decline on the Trails B test, and
between anemia and less pronounced decline on the Cat-
egory fluency test (Table 3). After additional adjustment
for chronic health conditions the associations between
anemia and change in the Trails B and Category Fluency
tests were attenuated and no longer significant. Further
adjustment for eGFR did not change these findings.

In sensitivity analyses excluding individuals receiving
erythropoietin stimulating agents, the results were
similar. For example, the fully adjusted association be-
tween anemia and change in the Category Fluency
test was −0.10 ± 0.27 (p-value = 0.22), and between anemia

Table 1 Baseline characteristics of CRIC participants stratified by
anemia status

Characteristics No anemia Anemia P-value

(N = 413) (N = 349)

Age, years 0.12

55–59 101 (24.5) 72 (20.6)

60–69 231 (55.9) 188 (53.9)

70–79 81 (19.6) 89 (25.5)

Sex 0.37

Female 196 (47.5) 177 (50.7)

Male 217 (52.5) 172 (49.3)

Race <0.001

White 262 (63.4) 125 (35.8)

Black 120 (29.1) 206 (59.0)

Other/Unknown 31 (7.5) 18 (5.2)

Hispanic ethnicity 0.69

Hispanic 11 (2.7) 11 (3.2)

Other/Unknown 402 (97.3) 338 (96.8)

Education <0.001

<High School 37 (9.0) 75 (21.5)

High School Graduate 76 (18.4) 80 (22.9)

Some College 300 (72.6) 194 (55.6)

Diabetes mellitus 148 (35.8) 236 (67.6) <0.001

Hypertension 353 (85.5) 337 (96.6) <0.001

Prior coronary artery disease 108 (26.2) 110 (31.5) 0.10

Prior peripheral vascular disease 20 (4.8) 41 (11.7) <0.001

Prior stroke 39 (9.4) 58 (16.6) <0.01

Alcohol Use <0.001

Current 293 (70.9) 165 (47.3)

Former/Never 120 (29.1) 184 (52.7)

Estimated GFR (ml/min/1.73 m2) 48.6 (15.6) 35.7 (14.5) <0.001

Albuminuria (mg/g) <0.001

<30 235 (56.9) 119 (34.1)

≥30 168 (40.7) 106 (62.5)

Unknown 10 (2.4) 12 (3.4)

Mean corpuscular volume (fL) <0.001

<80 16 (3.9) 32 (9.2)

80–99 392 (94.9) 301 (86.2)

>=100 5 (1.2) 15 (4.3)

Unknown 0 (0.0) 1 (0.3)

Erythropoietin use 12 (2.9) 38 (10.9) <0.001
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and change in the Trails B test was −0.71 ± 3.98 (p-value
0.27). Similarly, we found no significant association be-
tween Hb, evaluated as a continuous measure, with
changes in cognitive function in fully adjusted models.

Discussion
In a well-characterized cohort of older adults with CKD
studied prospectively, we did not find an independent
association between anemia and baseline cognitive
function or the rate of cognitive decline over nearly
3 years. Our findings were consistent across multiple
domains of cognitive function including global cogni-
tion, executive function, language and memory. These

results do not support the hypothesis that anemia is
an independent risk factor for cognitive decline in
older persons with CKD.
There is limited information regarding the relationship

between anemia and cognitive function in patients with
CKD. In the full CRIC cohort of more than 3500 partici-
pants, we previously reported a cross-sectional associ-
ation between Hb, evaluated as a continuous measure,
and impairment on the 3MS, a measure of global cogni-
tion. Most previous studies of CKD and anemia were
conducted in patients with ESRD receiving maintenance
dialysis, and many of these studies were conducted
shortly after the introduction of erythropoietin for

Fig. 1 Distribution of hemoglobin concentration among 762 participants age ≥55 in the Chronic Renal Insufficiency Cohort

Table 2 Association of anemia with baseline cognitive impairment among participants age ≥55 in the Chronic Renal Insufficiency
Cohort

Cognitive test N Odds ratio (95 % CI)

Model 1 Model 2 Model 3

Modified Mini-Mental State Exam 762 1.48 (0.85–2.59) 1.45 (0.81–2.61) 1.59 (0.86–2.94)

Category Fluency 760 1.49 (0.92–2.41) 1.50 (0.91–2.48) 1.43 (0.85–2.40)

Buschke Delayed Recall 753 1.19 (0.77–1.86) 1.19 (0.75–1.89) 1.06 (0.66–1.71)

Boston Naming 760 1.34 (0.83–2.16) 1.21 (0.73–2.00) 1.25 (0.73–2.14)

Trailmaking Test A 759 1.93 (1.12–3.32) 1.72 (0.98–3.04) 1.72 (0.95–3.10)

Trailmaking Test B 759 1.42 (0.89–2.28) 1.19 (0.73–1.96) 1.16 (0.69–1.94)

Model 1 is adjusted for age, sex, race, education and CRIC clinical center
Model 2 is adjusted for age, sex, race, education, diabetes, hypertension, coronary artery disease, peripheral vascular disease, stroke, alcohol use, and CRIC
clinical center
Model 3 is adjusted for age, sex, race, education, CRIC clinical center, diabetes, hypertension, coronary artery disease, peripheral vascular disease, stroke, alcohol
use, and estimated glomerular filtration rate
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treatment of anemia. Early studies posited that treatment
of anemia with erythropoietin might have salutary effects
on brain function among patients with ESRD receiving
dialysis. Most of these studies evaluated brain evoked
potentials as an end-point; however a few also assessed
cognitive function. For example, in an uncontrolled
study of 24 patients, treatment with erythropoietin over
12 months increased hematocrit from 23.7 to 36.0 %,

and was associated with an improvement in attention
and executive function [22]. The absence of a control
group in these studies limits the ability to distinguish
learning effects from a causal effect of anemia treatment.
Contemporary studies conducted in hemodialysis patients
with less severe anemia, most of whom were receiving
treatment with erythropoietin, have not found a strong re-
lation between anemia and cognitive function. In one
study of 338 patients with ESRD assessed with a cognitive
battery, Hb <11 g/dl was associated with cognitive impair-
ment in unadjusted analyses, but not in adjusted analyses
[2]. In a cross-sectional study of 109 patients with ESRD,
unadjusted Hb concentration was correlated with global
cognition, but not with executive function [10]. In another
cross-sectional study of 383 patients with ESRD, there was
no association between Hb concentration and global
cognition or executive function [23].
Compared to prior studies, the current study utilized a

longitudinal study design. Although anemia was com-
mon in this cohort, treatment with erythropoietin was
infrequent, reflective of current practice guidelines [24].
There are several possible explanations why anemia
might be associated with dementia and cognitive decline
in the general population [5–7], but not among patients
with CKD. Compared to studies in the general popula-
tion, the prevalence of anemia in the CRIC Study cohort
was higher, but the follow-up period was shorter, and
this may have been insufficient to identify clinically
significant changes in cognitive function. We censored
patients at ESRD to eliminate the potential confound-
ing effects introduced by the changes in health status
and treatment of anemia surrounding this critical
transition period. It is possible that the risk for cogni-
tive decline is increased only for patients with severe
anemia, that is, a Hb concentration well below the
WHO definition. This seems unlikely, however, since
prior studies in the general population also utilized
the WHO definition of anemia.
Another possible explanation of our findings is that

the association between anemia and cognitive impair-
ment is confounded by nutritional deficiencies, such as
B12 deficiency, and that these nutritional deficiencies
are a more common cause of anemia in the general
population. We lacked measures of B12, folate, and iron
stores in the current study. Nevertheless, the majority of
participants in the CRIC COG Study had a normocytic
anemia, which would not be typical for isolated B12 or
iron deficiency anemia. Erythropoietin deficiency has
also been suggested as a mechanistic link between
anemia and cognitive decline, based on animal models
demonstrating erythropoietin receptors in the brain and
uncontrolled clinical studies of patients treated with
erythropoietin stimulating agents. Given that erythropoi-
etin deficiency plays a major role in the anemia of CKD,

Table 3 Adjusted mean annual change in cognitive scores
between anemic vs non-anemic participants. A positive parameter
estimate denotes a larger decline in cognitive function for the
Modified Mini-Mental State Exam, Category Fluency, Buschke
Delayed Recall and Boston Naming tests. For the Trailmaking Test
A and B, a negative parameter estimate denotes a larger decline
in cognitive function

Cognitive test N Mean annual
change (SE)

Parameter estimate
for anemia vs.
non-anemia(SE)

P-value

Modified mini-mental
state exam

692

Model 0.21 (0.05) 0.190 (0.12) 0.11

Model 2 0.170 (0.13) 0.17

Model 3 0.130 (0.13) 0.31

Category fluency 690

Model 1 0.20 (0.06) −0.280 (0.11) 0.01

Model 2 −0.200 (0.11) 0.08

Model 3 −0.140 (0.12) 0.22

Buschke delayed
recall

692

Model 1 0.19 (0.03) −0.030 (0.06) 0.58

Model 2 −0.040 (0.06) 0.56

Model 3 −0.060 (0.06) 0.37

Boston naming 691

Model 1 0.07 (0.01) 0.040 (0.02) 0.08

Model 2 0.040 (0.02) 0.08

Model 3 0.040 (0.02) 0.06

Trailmaking test A 685

Model 1 −0.93 (0.27) 0.070 (0.46) 0.88

Model 2 −0.210 (0.48) 0.66

Model 3 −0.200 (0.48) 0.68

Trailmaking test B 685

Model 1 −2.36 (0.61) −3.220 (1.52) 0.03

Model 2 −2.330 (1.62) 0.15

Model 3 −1.830 (1.67) 0.27

SE standard error
Model 1 is adjusted for age, sex, race, education and CRIC clinical center
Model 2 is adjusted for age, sex, race, education, diabetes, hypertension,
coronary artery disease, peripheral vascular disease, stroke, alcohol use, and
CRIC clinical center
Model 3 is adjusted for age, sex, race, education, CRIC clinical center, diabetes,
hypertension, coronary artery disease, peripheral vascular disease, stroke,
alcohol use, and estimated glomerular filtration rate
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this pathway seems unlikely to be involved based on the
results of the current study. Finally, it may be that
anemia is not causally related to cognitive decline in
patients with CKD, but that it is a marker for other condi-
tions which affect cognition. This conclusion is suggested
by the observation that demographic and clinical charac-
teristics largely attenuated the association between anemia
and baseline cognitive function and cognitive decline.
Our study has several strengths, including the multi-

center, prospective design, diverse study population, use
of a cognitive battery to assess cognitive function, and
ability to account for a number of important confound-
ing factors. We acknowledge several limitations. First,
the follow-up period was short. Second, our participants
(volunteers for a long-term research study) may be at
lower risk for cognitive decline than the broader popula-
tion with CKD because they are selected for the ability
to comply with study visits and they may be more moti-
vated to pursue healthy behaviors. Both of these factors
may have limited the power to detect changes in cogni-
tive function and biased our study towards the null.
Thus, a more subtle relationship between anemia and
cognitive function may have gone undetected because of
a type II error. We also lacked information about nutri-
tional factors associated with anemia such as B12, folate,
and iron.

Conclusions
Although anemia was common among older adults with
CKD, it was not independently associated with baseline
cognitive function or the rate of cognitive decline. For
now, the mechanisms contributing to cognitive decline
in patients with CKD remain elusive.
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