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 Introduction 

 The worldwide incidence of persons affected by cogni-
tive decline including cognitive impairment and demen-
tia is increasing. Therefore, the early identification of 
possible precursors of dementia and the diagnosis and 
treatment of modifiable risk factors is of increased im-
portance  [1] . The concept of mild cognitive impairment 
which describes cognitive impairment beyond that of 
normal ageing but, in contrast to dementia, does not in-
terfere notably with activities of daily life, permits timely 
identification of patients at high risk of developing de-
mentia  [2, 3] . This concept opens a potentially larger ther-
apeutic window and increases the significance of modifi-
able risk factors  [4, 5] .

  In recent years, chronic kidney disease (CKD) has 
been proposed as an independent risk factor for cognitive 
decline but the available data are conflicting  [6, 7] . 
Whereas many cross-sectional and most of the longitu-
dinal studies have demonstrated that CKD is associated 
with cognitive decline, some more recent prospective 
studies could not confirm this association. Therefore, the 
first aim of this study was to perform an up-to-date sys-
tematic literature review and search for possible differ-
ences among the various studies which might explain the 
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 Abstract 

  Background:  Chronic kidney disease (CKD) has emerged as 
a possible new risk factor of cognitive impairment and de-
mentia, but results of studies remain conflicting.  Methods:  
A systematic literature research of electronic databases 
(MEDLINE, Cochrane Library and Goggle Scholar covering 
the period from 1980 to January 2012) and meta-analysis of 
relevant cross-sectional and longitudinal studies were con-
ducted to assess the association of CKD and cognitive de-
cline.  Results:  Most cross-sectional and longitudinal studies 
suggest an association between cognitive impairment and 
CKD. Meta-analysis of cross-sectional and longitudinal stud-
ies comprising 54,779 participants yielded an association of 
cognitive decline in patients with CKD compared with pa-
tients without CKD (OR 1.65, 95% CI 1.32–2.05; p  !  0.001, and 
OR 1.39, 95% CI 1.15–1.68; p  !  0.001, respectively).  Conclu-

sion:  This is the first meta-analysis assessing the impact of 
CKD on cognitive decline. Our results suggest CKD being a 
significant and independent somatic risk factor in the devel-
opment of cognitive decline. 
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divergent results. The second aim was to conduct a meta-
analysis of all available large cross-sectional and prospec-
tive studies assessing the association between CKD and 
cognitive decline.

  Material and Methods 

 Selection of Studies 
 Studies that examined the association between CKD and cog-

nitive decline were identified by a computerized research of elec-
tronic databases including MEDLINE, Cochrane Library and 
Goggle Scholar. This research included the period from 1980 to 
January 2012 and used the following Medical Subject Heading 
(MeSH) terms ‘chronic kidney disease’, ‘renal failure’, ‘cognitive 
impairment’, ‘cognitive decline’ and ‘dementia’. Manual review of 
the reference list of all retrieved articles was part of our research. 
We assessed all potentially relevant articles for eligibility. Inclu-
sion or exclusion of studies was decided hierarchically on the ba-
sis of the (1) study title, (2) the abstract and (3) completeness of the 
study.

  Studies were included if they fulfilled all following criteria: (1) 
either cross-sectional or longitudinal study, (2) at least 150 par-
ticipants, (3) association of CKD and cognitive impairment as pri-
mary or secondary outcome and (4) results presented by odds ra-
tio (OR) or hazard ratio (HR) values or sufficient data to calculate 
these parameters. The primary outcome for this meta-analysis 
was cognitive impairment (fig. 1).

  Statistical Analysis 
 The meta-analysis was conducted separately for cross-sec-

tional and longitudinal studies  [8] . The meta-analysis to pool 
results from the individual studies was done with Review Man-
ager (RevMan; version 5.1 for Macintosh; Copenhagen, Den-
mark). Pooled results are reported as OR and are presented with 
95% confidence interval (CI) with two-sided p values using a 
random-effects model. p  !  0.05 was considered to be statisti-
cally significant. We used studies from multivariate models with 
the most complete adjustment for potential confounders. Statis-
tical heterogeneity was evaluated using the I 2  statistic, which 
assesses the appropriateness of pooling the individual study re-
sults. The I 2  value provides an estimate of the amount of vari-
ance across studies because of heterogeneity rather than chance. 
Where I 2  was greater than 50%, heterogeneity was considered to 
be high. Moreover, to further investigate the heterogeneity 
across studies, we performed sensitivity analyses by dividing 
studies into groups according to their main characteristics. Sub-
group analyses were then performed according to degree of 
CKD (estimated glomerular filtration rate (eGFR)  1 60 vs. eGFR 
45–60 and eGFR  1 60 vs. eGFR  ! 45 ml/min/1.73 m 2 ), gender, 
mean sample size of the study populations (less than/at least 
3,000), mean duration of follow-up (less than/at least 3 years) 
and method used to evaluate cognitive function (Mini-Mental 
State Examination (MMSE)/other). Publication bias was ap-
praised by visual inspection of the funnel plot of effect size 
against standard error.

  Results 

 Cross-Sectional Studies 
 Seven entirely cross-sectional studies which exam-

ined the association between CKD and cognitive func-
tion were retrieved ( table 1 ). In the Heart Estrogen/Pro-
gestin Replacement Study including 1,015 women with 
established coronary artery disease aged  ! 80 years, an 
approximate 15–25% increase in risk for cognitive dys-
function per 10 ml/min/1.73 m 2  decrement in eGFR was 
observed  [9] . In the Third National Health and Nutrition 
Examination Survey moderate CKD (eGFR 30–59 ml/
min/1.73 m 2 ) was significantly associated with poorer 
learning or concentration and impairment in visual at-
tention  [10] . The Reasons for Geographic and Racial Dif-
ferences in Stroke Study (REGARDS) observed an in-
creased prevalence of cognitive impairment among par-
ticipants with CKD, independent of confounding factors 
 [11] . In the Maine-Syracuse Longitudinal Study, partici-
pants with CKD presented with lower global cognitive 
performance  [12] . The Chronic Renal Insufficiency Co-
hort (CRIC) study contributed two analyses: Using 6 dif-
ferent cognitive tests, the first substudy with 825 par-
ticipants reported participants with lower eGFR having 
lower cognitive scores on most cognitive domains  [13] . 

Potentially relevant
articles identified by

database research (n = 30)

Articles excluded due to
group size <150 (n = 9)

Articles assessed for
further evaluation (n = 21)

Articles excluded due to
missing eGFR (n = 4)

Articles included in review
 (n = 17)

Articles excluded due to
inadequate statistical data

(n = 7)

Articles included in
meta-analysis (n = 10)

  Fig. 1.  Flow chart of search strategy. 
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The main CRIC study among 3,591 participants found a 
higher prevalence of cognitive impairment in those with 
lower eGFR, independent of traditional vascular risk fac-
tors. However, this association was no longer significant 
after adjustment for hemoglobin concentration  [14] . A 
Taiwanese study of 228 participants yielded lower cogni-
tive function in subjects with CKD  [15] . There were two 
more studies  [16, 17]  which had a cross-sectional and a 
longitudinal part and those studies are discussed in the 
following part.

  Longitudinal Studies 
 Ten prospective studies assessing the relation between 

CKD and cognitive decline were detected ( table 2 ). The 
Cardiovascular Health Cognition Study demonstrated 
that moderate renal insufficiency was associated with a 
37% increased risk of dementia  [18] . The Health, Aging, 
and Body Composition Study demonstrated an increased 
risk for cognitive impairment when CKD was present. 
This risk increased with more impaired renal function 
 [19] . The Intervention Project on Cerebrovascular Dis-
eases and Dementia in the Community of Ebersberg 
(INVADE) study found that moderate-to-severe im-
paired renal function was associated with incident cogni-
tive impairment after 2 years in a large cohort of elderly 
subjects  [16] . In the Northern Manhattan Study even par-
ticipants with mildly reduced renal function showed 
greater cognitive decline compared with participants 
with normal renal function  [20] . The Rush Memory and 
Aging Project yielded an association of CKD with a more 
rapid global cognitive decline, i.e. for each eGFR reduc-
tion of 15 ml/min/1.73 m 2  the increased rate of global 
cognitive decline had the similar effect of 3 years of aging 
 [21] . The Osaki-Tajiri Project from Japan showed CKD to 
be significantly associated with incident dementia even 
after multiple adjustment for cardiovascular risk factors 
including anemia  [22] . The Osteoporotic Fractures in 
Men Study has been the first study which could not con-
firm an independent association between CKD and risk 
of cognitive decline after more than 5 years  [17] . Another 
study in 1,345 participants found an association between 
reduced cognitive function at follow-up only for baseline 
albuminuria and only for men, but neither for women nor 
for eGFR  [23] . Among a population-based cohort of 7,839 
elderly subjects, no increased risk of cognitive decline was 
observed after 7 years of follow-up although faster de-
cline of renal function was associated with global cogni-
tive decline and incident dementia with vascular compo-
nent  [24] . The last prospective cohort study consisted of 
19,399 adults from the REGARDS study which reported 

that an impaired eGFR was not associated independently 
with cognitive impairment if compared with preserved 
eGFR unless albuminuria was added to the stratification 
 [25] .

  Meta-Analysis 
 For cross-sectional analysis, six studies could be in-

cluded in the meta-analysis. Three studies could not be 
included as they did not report OR or HR values or suf-
ficient data to calculate these parameters. For all studies, 
only the baseline data were used. Meta-analytic pooling 
using a random-effects model showed that participants 
with CKD had a significantly increased risk of cognitive 
impairment compared with those without CKD (OR 
1.65, 95% CI 1.32–2.05; p  !  0.001) ( fig. 2 ). There was sig-
nificant heterogeneity amongst the studies (d.f. = 9; p = 
0.0005).

  Regarding longitudinal studies, six studies could be 
included in the meta-analysis. Four studies could not be 
included as they did not report OR or HR values or suf-
ficient data to calculate these parameters. Meta-analytic 
pooling using a random-effects model also revealed that 
participants with CKD had a significantly increased risk 
of incident cognitive impairment at follow-up compared 
with those without CKD (OR 1.39, 95% CI 1.15–1.68; p  !  
0.001) ( fig.  3 ). Significant heterogeneity amongst the 
studies was observed (d.f. = 11; p  !  0.0001).

  Sensitivity Analyses.   To investigate the possible differ-
ences across studies, we performed sensitivity analyses
by grouping studies according to various characteristics 
such as mean sample size of the study populations (less 
than/at least 3,000), mean duration of follow-up (less 
than/at least 3 years) and method used to evaluate cogni-
tive function (MMSE/other). We observed no significant 
change in the results. In contrast, age and sex contrib-
uted significantly to the observed heterogeneity between 
the studies.   Moderate-to-severe CKD (GFR  ! 45 ml/min/
1.73 m 2 ) is related to an increased risk for cognitive im-
pairment in the cross-sectional ( fig. 2 ) and longitudinal 
analyses ( fig. 3 ). However, the difference was only sig-
nificant for the longitudinal studies (OR 1.47 vs. 1.17; 
 fig. 3 ).

  Publication Bias.   Funnel plots of effect size versus 
 standard error to investigate possible publication bias
were broadly symmetrical, suggesting the absence of 
 publi cation bias (online suppl. fig.  1 and 2, see www.
karger.com/doi/10.1159/000338135).
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  Discussion 

 Our systematic review revealed that most, but not all, 
cross-sectional  [9–15]  and longitudinal studies  [16, 18–22]  
suggest an association between cognitive impairment and 
CKD. However, this review also showed that many cross-

sectional and longitudinal studies contain methodologi-
cal limitations which might explain the divergent results. 
Specifically, methods for assessing cognitive function 
showed a great variability between the different cross-sec-
tional and longitudinal studies, for example, some studies 
used only the MMSE  [14, 19, 24] , whereas other trials ap-

Table 1.  Cross-sectional studies on the association of CKD and cognitive impairment

Study Number of 
participants

Mean
age
years

Cognitive test Assessment/
classification of renal 
function

Adjustment for 
confounders

Results (risk for cognitive 
decline depending on 
renal function)

Kurella et al., 
2005 [9]: 
Heart Estrogen/
Progestin 
Replacement 
Study

1,015 
(women 
with
coronary
artery
disease)

67 6 tests (3MS, Trails B, 
Boston Naming, Verbal 
Fluency, Word List 
Memory and Recall) 
after 4 years

MDRD/
Mild CKD = eGFR
45–60, moderate CKD 
= eGFR 30–44, severe 
CKD = eGFR <30

Age, race, diabetes, 
hypertension, CHD, 
stroke, education, 
exercise, smoking, alcohol, 
socioeconomic status

Results for 3MS:
Mild CKD: OR 1.91 
(0.86–4.23)
Moderate CKD: OR 1.80 
(0.65–4.97)
Severe CKD: OR 5.01 
(1.27–19.7)

Hailpern et al., 
2007 [10]: Third 
National Health 
and Nutrition 
Examination 
Survey

4,849 36 Computerized test 
(Simple Reaction 
Time, Symbol Digit 
Substitution or Serial 
Digit Learning)

MDRD/
Moderate CKD =
eGFR 30–59

Age, sex, race, education, 
medication, smoking, 
alcohol, physical activity, 
CHD, socioeconomic 
status, BMI, hypertension, 
diabetes, hyperlipidemia

OR 2.41 (1.30–5.63) for 
concentration; 
OR 2.74 (1.01–7.40 for 
visual attention

Kurella Tamura
et al., 2008 [11]: 
Reasons for 
Geographic 
and Racial 
Differences 
in Stroke 
(REGARDS) 
Study 

23,405 65 6-Item Screener MDRD/
CKD = eGFR <60

Age, sex, race, education, 
region, CHD, stroke, 
depression, hypertension, 
diabetes, hyperlipidemia, 
BMI, smoking

OR 1.23 (1.06–1.43) 

Elias et al.,
2009 [12]: 
Maine-Syracuse 
Longitudinal 
Study

923 63 Battery of 17 tests with 
4 cognitive domains

MDRD/
CKD = eGFR <60

Age, sex, education, race, 
hypertension, diabetes, 
BMI, hyperlipidemia, 
smoking, stroke

OR 1.97 (1.25–3.10) for 
global composite

Yaffe et al., 2010 
[13]: Chronic 
Renal 
Insufficiency 
Cohort 
Cognitive Study

825 65 3MS, Trails A + B, 
Category Fluency, 
Buschke Selective 
Reminding Test, 
Boston Naming

MDRD/
mild-to-moderate 
CKD = eGFR 45–59, 
advanced CKD = 
eGFR <30

Age, race, sex, education, 
BMI, diabetes, 
hypertension, depression

OR 2.0 (1.1–3.9) for global 
cognition compared with 
eGFR 45–59

Yang et al., 2011 
[15]

228 
(only male)

79 Cognitive Abilities 
Screening Instrument 
(CASI)

not described/
CKD = eGFR <60

Not described Positive correlation of 
CASI and eGFR

Kurella Tamura
et al., 2011 [14]: 
Chronic Renal 
Insufficiency 
Cohort Study

3,591 58 3MS MDRD/
eGFR <30 with eGFR 
45–59 as reference 
group

Age, sex, race, ethnicity, 
education, clinical site, 
stroke, diabetes, 
hypertension, smoking, 
cholesterol, CHD, PAD

OR 1.47 (1.05–2.05) but 
not significant with 
hemoglobin as additional 
confounder 

e GFR values are given as ml/min/1.73 m2. 
3MS = Modified MMSE; MDRD = Modification of Diet in Renal Disease; CHD = coronary heart disease; PAD = peripheral artery disease.
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Table 2. Longitudinal studies about the association of CKD and cognitive impairment

Study Partici-
pants

Mean
Age

Follow-
up

Cognitive
test

Assessment/
classification of renal 
function

Adjustment for 
confounders

Results1 Result2

Seliger et al. , 
2004 [18]: 
Cardiovascular 
Health 
Cognition 
Study

3,349 77 
years

6 years Cognitive 
battery testing 
for dementia 
similar to 
DSM-IV 
criteria

Inverse of creatinine/
moderate CKD = SCr 
≥1.3 mg/dl for women 
and ≥1.5 for men

Age, sex, race, body 
weight, education, CHD, 
stroke, hypertension, 
diabetes, smoking, apoE 
genotype

37% increased risk 
of dementia (95% 
CI 1.06–1.78)

Not assessed

Kurella et al., 
2005 [19]: 
Health, Aging, 
and Body 
Composition 
Study

3,034 74 
years

2, 4 years 3MS MDRD at baseline/
CKD = eGFR <60 with 
two subgroups (eGFR 
45–59 and <45) 

Age, sex, race, education, 
diabetes, medication, 
hypertension, 
hyperlipidemia, CRP, 
IL-6, hematocrit, CHD, 
stroke

OR 1.32 
(1.03–1.69) for 
eGFR 45–59;
OR 2.43 (1.38–4.29)
for eGFR <45

Not assessed

Slinin et al., 
2008 [17]: 
Osteoporotic 
Fractures in 
Men Study 

5,929
men

74 
years

5 years 3MS, Trails B MDRD/
mild CKD = eGFR 45–59,
moderate CKD =
eGFR <45

Age, education, race, 
health status, ADL 
impairment, alcohol, 
diabetes, hypertension, 
CHD, stroke, BMI, PAD

Not significant for 
both tests in both 
CKD groups

Not assessed

Etgen et al., 
2009 [16]: 
INVADE study

3,697 68 
years

2 years 6-Item 
Cognitive 
Impairment 
Test

CG at baseline/
mild CKD = eGFR 45–
59, moderate-to-severe 
CKD = eGFR <45

Age, sex, smoking, CHD, 
stroke, hypertension, 
diabetes, BMI, 
hyperlipidemia, alcohol, 
physical activity, 
depression

Moderate-to-
severe CKD: OR 
2.14 (1.18–3.87)

Not assessed

Buchman et al., 
2009 [21]: Rush 
and Memory 
Aging Project

886 81 
years

3.4 years Battery of 19 
tests with 
5 cognitive 
systems

MDRD at baseline/
CKD = eGFR <60

Age, sex, education, BMI, 
hemoglobin, physical 
activity, social activity, 
hypertension, diabetes, 
smoking, CHD, stroke, 
PAD, depression

Each GFR 
reduction of 15 = 
increased rate of 
global cognitive 
decline of being 
3 years older

Not assessed

Khatri et al., 
2009 [20]: 
Northern 
Manhattan 
Study

2,172 72 
years

2.9 years TICS CG + MDRD at baseline/
mildly reduced renal 
function = eGFR 60–90, 
eGFR <60

Age, sex, race, education, 
insurance, hypertension, 
diabetes, alcohol, 
smoking, CHD, stroke 
homocysteine, hematocrit, 
psychoactive medication

Decline by 0.3 
TICS points/year 
for eGFR <60;
decline by 0.2 TICS 
points/year for 
eGFR = 60–90

Not assessed

Jassal et al., 
2010 [23]: 
Rancho 
Bernardo Study

1,345 75 
years

6.6 years MMSE, Trails 
B, Category 
Fluency Test

MDRD/
moderate-to-severe
CKD = eGFR <60

Age, hypertension, 
HbA1c, dyslipidemia, 
education, exercise, 
alcohol, estrogen, 
depression

Not significant for 
eGFR

Significant for 
men and baseline 
albuminuria 

Sasaki et al., 
2011 [22]: 
Osaki-Tajiri 
Project

497 74 
years

5 years Clinical 
Dementia 
Rating

not described/
CKD = eGFR <60 or 
albuminuria

Age, sex, education, 
hypertension, diabetes, 
dyslipidemia, CHD, 
anemia

OR for conversion 
to dementia 5.3 
(1.7–16.2)

Not separately 
assessed

Kurella
Tamura et al., 
2011 [25]: 
REGARDS

19,399 64 
years

3.8 years 6-Item
Screener

CKD-EPI/
CKD = eGFR <60

Age, sex, race, education, 
region, hypertension, 
diabetes, stroke, CHD, 
alcohol, smoking

Not significant for 
eGFR <60

OR 1.30 
(1.02–1.66) for 
UACR <10 mg/g 
in eGFR <60

Helmer
et al., 2012
[24]: The Three 
City Study

7,839 74 
years

7 years MMSE CKD-EPI/
CKD = eGFR <60

Age, sex, education, 
APOE genotype, 
hypertension, CHD, 
dyslipidemia, diabetes, 
smoking, BMI, stroke

Not significant 
except for eGFR 
decline over first 
4 years and 
vascular dementia

Borderline risk 
for proteinuria

1  Risk for cognitive decline depending on renal function. 2 Risk for cognitive decline based on protein-/albuminuria. All eGFR values are given as 
ml/min/1.73 m2. 3MS = Modified MMSE; TICS = Telephone Interview for Cognitive Status; MDRD = Modification of Diet in Renal Disease; CG = Cock-
croft-Gault equation; CKD-EPI = CKD Epidemiology Collaboration equation; ADL = activities of daily living; SCr = serum creatinine; CHD = coronary 
heart disease; PAD = peripheral artery disease; UACR = urine albumin-creatinine ratio.
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plied a battery of multi-domain cognitive tests for epi-
sodic memory, semantic memory, working memory, per-
ceptual speed and visuospatial abilities  [9, 12, 21] . The 
study population varied from gender-specific (e.g. only 
women with coronary heart disease  [9]  or only men  [17] ) 
to community-dwelling participants  [16] . The mean age 
of the study population ranged from 36  [10]  to 81 years 
 [21] . Several methods of defining CKD (i.e. slope of cre-
atinine or different prediction equations: Modification of 
Diet in Renal Disease (MDRD), Cockcroft-Gault, CKD 
Epidemiology Collaboration equation) have been used, as 
it remains unclear which is the best method for assessing 
CKD in elderly cognitively impaired patients  [26] . The in-
clusion of different potential confounders is another crit-
ical point. A number of studies have used only a few con-
founders, whereas others considered many confounding 
factors ( tables 1 ,  2 ). Some confounders that received in-

creasing attention over recent years (e.g. depression and 
physical activity) have not been included.

  Our meta-analysis is the first that assessed the relation 
between CKD and cognitive decline and included 54,779 
participants of cross-sectional and longitudinal studies. 
This meta-analysis revealed that participants with CKD 
had a significantly increased risk of cognitive impair-
ment compared with those without CKD either in cross-
sectional or in longitudinal studies. This association re-
mained present independent of the stage of CKD and was 
even stronger in the group with moderate-to-severe CKD 
(GFR  ! 45 ml/min/1.73 m 2 ) compared with mild-to-mod-
erate CKD (GFR 45–60 ml/min/1.73 m 2 ). Further sensi-
tivity analyses by grouping studies according to various 
characteristics such as mean sample size of the study pop-
ulations (less than/at least 3,000), mean duration of fol-
low-up (less than/at least 3 years) and method used to 

Study or subgroup log[OR] SE Weight OR
IV, Random, 95% 
CI

OR
IV, Random, 95% CI

CKD vs. no CKD
Hailpern et al., 2007 [10] 0.8796 0.3149 7.2% 2.41 [1.30, 4.47]
Kurella Tamura et al., 2008 [11] 0.207 0.0759 15.7% 1.23 [1.06, 1.43]
Etgen et al., 2009 [16] 0.7329 0.1206 14.1% 2.08 [1.64, 2.64]
Elias et al., 2009 [12] 0.678 0.2321 9.7% 1.97 [1.25, 3.10]
Subtotal (95% CI) 46.7% 1.79 [1.24, 2.58]

Heterogeneity: �2 = 0.11; �2 = 17.84, d.f. = 3 (p = 0.0005); l2 = 83%
Test for overall effect: Z = 3.10 (p = 0.002)

GFR >60 vs. GFR 45–60
Kurella et al., 2005 [9] 0.6471 0.4071 005.2% 1.91 [0.86, 4.24]
Slinin et al., 2008 [17] 0.3853 0.2447 009.3% 1.47 [0.91, 2.37]
Etgen et al., 2009 [16] 0.1484 0.177 011.8% 1.16 [0.82, 1.64]
Subtotal (95% CI) 026.3% 1.32 [1.01, 1.72]

Heterogeneity: �2 = 0.00; �2 = 1.55, d.f. = 2 (p = 0.46); l2 = 0%
Test for overall effect: Z = 2.04 (p = 0.04)

GFR >60 vs. GFR <45
Kurella et al., 2005 [9] 0.9555 0.1876 11.4% 2.60 [1.80, 3.76]
Slinin et al., 2008 [17] 0.2151 0.3966 5.4% 1.24 [0.57, 2.70]
Etgen et al., 2009 [16] 0.2469 0.221 10.1% 1.28 [0.83, 1.97]
Subtotal (95% CI) 26.9% 1.68 [0.98, 2.88]

Heterogeneity: �2 = 0.16; �2 = 7.08, d.f. = 2 (p = 0.03); l2 = 72%
Test for overall effect: Z = 1.88 (p = 0.06)

Total (95% CI) 100.0% 1.65 [1.32, 2.05]

Heterogeneity: �2 = 0.07; �2 = 29.65, d.f. = 9 (p = 0.0005); l2 = 70%
Test for overall effect: Z = 4.47 (p < 0.00001)
Test for subgroup differences: �2 = 1.95, d.f. = 2 (p = 0.38); l2 = 0%

105210.50.20.1
Cognition worseCognition better

  Fig. 2.  Forest plot of cross-sectional studies assessing the association of CKD and cognitive decline. 
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evaluate cognitive function (MMSE/other) yielded no 
significant differences across studies.

  Several factors may help to explain the association be-
tween CKD and cognitive decline. Patients with CKD 
have a higher prevalence of subclinical cerebrovascular 
disease than the general population  [27] . Beyond tradi-
tional vascular risk factors, which include hypertension, 
diabetes mellitus, hypercholesterolemia, cigarette smok-
ing and cardiovascular disease, there are other non-tra-
ditional vascular risk factors that may be associated with 
cognitive impairment. These factors comprise hyperho-
mocysteinemia, hemostatic abnormalities or hypercoag-
uable states (e.g. Factor V Leiden mutation, abnormalities 
in the thrombin/antithrombin complex or of the tissue 
type plasminogen activator), inflammation, and oxida-
tive stress  [6, 28] . In addition, nonvascular risk factors 

play a role in the development of cognitive decline: Ane-
mia in CKD has been associated with cognitive impair-
ment  [29]  and neuropsychological and neurophysiologi-
cal tests have shown improvement with the treatment of 
anemia in CKD  [30] . Multiple medications in CKD pa-
tients and uncertainty of the optimal dosing make these 
patients more susceptible to side effects and interactions 
between medications. Sleep disturbances are frequent in 
patients with CKD resulting in an impaired concentra-
tion, excessive daytime fatigue and possibly cognitive 
dysfunction  [31] .

  Based on the pathophysiological mechanisms of the 
association between CKD and cognitive decline, some 
studies have tested intervention strategies to improve 
cognitive function. In a randomized placebo-controlled 
trial of 659 advanced CKD patients, treatment with high 

Study or subgroup log[OR] SE Weight OR
IV, Random, 95% CI

OR
IV, Random, 95% CI

CKD vs. no CKD
Etgen et al., 2009 [16] 0.7938 0.1638 9.7% 2.21 [1.60, 3.05]
Sasaki et al., 2011 [22] 1.6677 0.5802 2.3% 5.30 [1.70, 16.52]
Subtotal (95% CI) 12.0% 2.87 [1.31, 6.27]

Heterogeneity: �2 = 0.20; �2 = 2.10, d.f. = 1 (p = 0.15); l2 = 52%
Test for overall effect: Z = 2.64 (p = 0.008)

GFR >60 vs. GFR 45–60
Kurella et al., 2005 [19] 0.27 0.1178 11.2% 1.31 [1.04, 1.65]
Slinin et al., 2008 [17] 0.0583 0.1187 11.2% 1.06 [0.84, 1.34]
Etgen et al., 2009 [16] 0.1133 0.2471 7.2% 1.12 [0.69, 1.82]
Kurella Tamura et al., 2011 [25] 0.0862 0.1092 11.5% 1.09 [0.88, 1.35]
Helmer et al., 2011 [24] 0.2467 0.1338 10.7% 1.28 [0.98, 1.66]
Subtotal (95% CI) 51.8% 1.17 [1.04, 1.31]

Heterogeneity: �2 = 0.00; �2 = 2.51, d.f. = 4 (p = 0.64); l2 = 0%
Test for overall effect: Z = 2.69 (p = 0.007)

GFR >60 vs. GFR <45
Kurella et al., 2005 [19] 1.0508 0.2565 6.9% 2.86 [1.73, 4.73]
Slinin et al., 2008 [17] 0.1655 0.2312 7.6% 1.18 [0.75, 1.86]
Etgen et al., 2009 [16] 0.7608 0.3037 5.8% 2.14 [1.18, 3.88]
Kurella Tamura et al., 2011 [25] 0.0488 0.1452 10.3% 1.05 [0.79, 1.40]
Helmer et al., 2011 [24] –0.0217 0.316 5.5% 0.98 [0.53, 1.82]
Subtotal (95% CI) 36.1% 1.47 [0.98, 2.21]

Heterogeneity: �2 = 0.16; �2 = 15.22, d.f. = 4 (p = 0.004); l2 = 74%
Test for overall effect: Z = 1.84 (p = 0.07)

Total (95% CI) 100.0% 1.39 [1.15, 1.68]

Heterogeneity: �2 = 0.07; �2 = 37.55, d.f. = 11 (p < 0.0001); l2 = 71%
Test for overall effect: Z = 3.42 (p = 0.00006)
Test for subgroup differences: �2 = 5.90, d.f. = 2 (p = 0.5); l2 = 66.1%
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  Fig. 3.  Forest plot of longitudinal studies assessing the association of CKD and cognitive decline. 
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daily doses of B vitamins was effective in lowering ini-
tially high homocysteine levels, but did not affect cogni-
tive outcomes after one year  [32] . Large randomized tri-
als of anemia improvement using erythropoietin in CKD 
patients did not specifically assess cognitive function, 
but one study showed an association with an increased 
risk of stroke which is a risk factor for dementia  [33] . The 
ongoing largest blood pressure study launched by the 
NIH, the Systolic Blood Pressure Intervention Trial 
(SPRINT), will assess with a multi-center randomized 
design whether maintaining blood pressure levels lower 
than current recommendations further reduces the risk 
of age-related cognitive decline in patients with and 
without CKD  [34] .

  There are some limitations of this review. Albumin-
uria or proteinuria has recently been proposed as a com-
plementary risk factor of cognitive decline, however, the 

available data did not allow us perform a separate meta-
analysis to assess the relationship between kidney dam-
age with preserved kidney function (i.e. albuminuria) 
and cognitive function. Due to the lack of eGFR being 
reported as a continuous variable and the great variabil-
ity among cognitive tests we were not able to examine 
a relationship change of MMSE by unit decrements of 
eGFR. In summary, our results confirm the increasing 
evidence of CKD as an independent risk factor for cogni-
tive decline. This may also highlight the importance of 
preventive strategies including the identification of risk 
factors like CKD among patients with cognitive decline.
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