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Association of Cognitive Function with Albuminuria
and eGFR in the General Population
Hanneke Joosten,*†‡§ Gerbrand J. Izaks,† Joris P.J. Slaets,† Paul E. de Jong,‡ Sipke T. Visser,¶ Henk J.G. Bilo,*§
and Ron T. Gansevoort‡

Summary
Background and objectives Recent studies found different associations of cognitive function with albuminuria or estimated GFR (eGFR). Most studies were limited to the elderly or did not take both renal variables
into account. Therefore, this study analyzed the association of cognitive function with albuminuria and
eGFR in community-dwelling persons aged 35 to 82 years.
Design, setting, participants, & measurements This was a cross-sectional study comprising 4095 participants
of the Prevention of Renal and Vascular End-Stage Disease (PREVEND) study. Cognitive function, measured with the Ruff Figural Fluency Test (RFFT), was treated as the dependent variable, and albuminuria
and eGFR were treated as independent variables.
Results The prevalence of albuminuria ⬍10, 10 to 29, and ⱖ30 mg/24 h was 54%, 31%, and 15%, respectively. Mean eGFR (⫾ SD) was 79 ⫾ 15 ml/min per 1.73 m2. Because of interaction between albuminuria
and age, analyses were performed per age tertile. After multivariate adjustment, albuminuria ⱖ 30 mg/24
h, but not eGFR, was associated with lower RFFT score in the youngest tertile (B ⫺5.3; 95% CI, ⫺0.6 to
⫺9.2; P ⫽ 0.05), but not in older tertiles. Moreover, subjects in the youngest tertile with increasing albuminuria (5–15 and ⬎15 mg/24 h) before RFFT measurement had lower mean RFFT scores than subjects with
stable albuminuria: mean difference ⫺4.9 (P ⫽ 0.3) and ⫺6.7 (P ⫽ 0.03), respectively.
Conclusions In this community-based cohort, elevated albuminuria was associated with worse cognitive
function in young but not in old persons. There was no association of eGFR with cognitive function.
Clin J Am Soc Nephrol 6: 1400 –1409, 2011. doi: 10.2215/CJN.05530610

Introduction
The kidneys and the brain are end organs susceptible
to vascular damage. Accordingly, it has been assumed that cardiovascular risk factors can cause similar (micro)vascular injury in both organs and that
there is an association between renal and cerebral
markers of vascular damage (1,2). Renal vascular
damage leads to chronic kidney disease (CKD), as
reflected by elevated albuminuria or a diminished
GFR. Vascular damage to brain tissue results in loss of
cerebral function, manifesting itself as diffuse white
matter lesions, focal cerebral accidents, or decreased
cognitive function. Because the kidney and brain suffer from vascular damage, it seems plausible to assume that there might also be an association between
cerebral (cognitive) function and either albuminuria
or GFR. Previous imaging studies already showed
data on diffuse cerebrovascular pathology in subjects
with CKD (3– 8). So far, the association of cognitive
function and CKD has been investigated in only a few
studies, focusing mainly on high-risk populations
(3,4,9 –15). Moreover, most studies analyzing the association took either albuminuria or GFR into account
1400
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but omitted investigating their mutual relationship in
studies on cognitive function.
Data on albuminuria and cognitive function are
currently available from elderly populations only, but
the data are conflicting (3,4,12,16,17). In selected populations including subjects with dementia or peripheral arterial disease, higher levels of albuminuria
were associated with worse cognitive function (3,12).
One study in community-dwelling elderly presented
cross-sectional and longitudinal data on cognitive
function, taking albuminuria and estimated GFR
(eGFR) into consideration. The authors showed that, in
men, albuminuria (and not GFR) was associated with
greater cognitive decline. There was no association between albuminuria or eGFR with cognitive decline in
women (16). Data on GFR are also mainly available for
the elderly. Some authors found an association between
severity of CKD and decline in cognitive function
(10,14). In contrast, others did not show impaired cognitive function in elderly persons with reduced GFR
(9,16). Current evidence is thus unclear, and data on
younger adults are lacking. Therefore, this study aims to
evaluate the cross-sectional association of albuminuria
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and GFR with cognitive function in a large community-based
population cohort including subjects with a wide age distribution (35 to 82 years).

Study Population and Methods
This study is a cross-sectional analysis of the association
of cognitive function and albuminuria with eGFR in participants of the third survey of the Prevention of Renal and
Vascular End-Stage Disease (PREVEND) study.
Setting and Participants
PREVEND is a prospective, community-based cohort
study initiated to investigate the association between albuminuria and renal and cardiovascular disease. The design
has been described in detail elsewhere (18,19) and can be
found at www.prevend.org. In summary, 8592 persons
from the general population aged 28 to 75 years completed
the baseline survey (1997 to 1998) and were followed over
time. The third survey was conducted from 2003 to 2006 and
included assessment of cardiovascular risk factors as well as
blood and urine sampling. Because 315 persons died during
follow-up, and 2415 individuals refused further participation,
the third survey comprised 5862 participants. Table 1 summarizes the measurements of study variables.
The PREVEND study has been approved by the local
medical ethics committee and is conducted in accordance
with the guidelines of the Declaration of Helsinki. Written
informed consent was obtained from all participants.
Cognitive Function
Measurement of cognitive function was introduced during the third survey and was assessed by the Ruff Figural
Fluency Test (RFFT) (20,21). Fluency is generally seen as an
executive function that is sensitive to early cognitive dysfunction (22). The RFFT requires respondents to draw as
many different designs as possible by connecting patterns
of dots within a set time period (21,23). In contrast to many
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other neuropsychological tests, the RFFT is sensitive to
changes in executive function in old and young persons
(20,21,23). It has been validated in various healthy and
diseased populations (20,24 –27). The main outcome measure is the total number of unique designs, which varies
from 0 (worst score) to 175 (best score). Two trained,
independent raters scored each RFFT test according to
strict scoring rules (21,23). Reassessment by a third rater
was performed if the total score differed by ⬎4 points. The
mean difference in total scores (⫾ SD) between raters was
0.1 ⫾ 1.8, and the intraclass correlation coefficient was 1.00
(95% confidence interval [CI] 0.99 to 1.00) (28).
Albuminuria and GFR
Urinary albumin excretion (UAE) rate was calculated
from the mean of two 24-hour urinary collections. Because
of the skewed distribution, UAE was normalized with
natural logarithmic transformation (lnUAE) when evaluating for interaction between albuminuria and other clinical
terms (29,30). Because outcomes for lnUAE are difficult to
interpret and classes of albuminuria are widely used in clinical practice, we incorporated albuminuria as a categorical
variable in our analyses. A recent meta-analysis showed that
not only the cutpoint of 20 mg/24 h for albuminuria, but also
a lower cutpoint of 10 mg/24 h is associated with increased
mortality and cardiovascular disease (31). We therefore classified albuminuria into low, intermediate, and elevated (defined as UAE ⬍10, 10 to 29, and ⱖ30 mg/24 h, respectively).
We estimated GFR using the Modification of Diet in Renal
Disease formula (32,33), classifying eGFR into low, intermediate, and normal (⬍60, 60 to 89, and ⱖ90 ml/min per 1.73
m2, respectively).
Other Variables
Educational level was classified by highest achieved degree on the basis of a questionnaire and divided into four
groups according to the International Standard Classifica-

Table 1. Timetable of the PREVEND study variables used in the analyses presented here

Time of Measurement
Variables
Baseline Survey (1997 to 1998)
Cognitive function test
Renal

Albuminuria
eGFR

Demographic
Cardiovascular

Third Survey (2003 to 2006)
RFFT
Albuminuria
Change in albuminuriaa
eGFR
Change in eGFRb
Plasma creatinine
Age
Educational level
Diabetes mellitus
Hypertension
History of cardiovascular disease
Body mass index
Alcohol use
Cholesterol
Smoking

a
Change in albuminuria ⫽ albuminuria at third survey minus albuminuria at baseline survey. PREVEND, Prevention of Renal and
Vascular End-Stage Disease; RFFT, Ruff Figural Fluency Test; eGFR, estimated GFR.
b
Change in eGFR ⫽ eGFR at third survey minus eGFR at baseline survey.
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tion of Education (ISCED) (34). Primary school level corresponded to 0 to 8 years of education (ISCED 0 to 1),
lower secondary level to 9 to 12 years (ISCED 2), higher
secondary level to 13 to 15 years (ISCED 3 to 4), and
university level to ⱖ16 years (ISCED 5). A history of vascular events was defined as a prior cardiac, cerebrovascular, or peripheral vascular event requiring hospitalization.
Data on disease history were derived from a questionnaire
at baseline and obtained from the Dutch national registry
of hospital discharge diagnoses during follow-up. Diabetes
was defined as fasting glucose ⱖ 7 mmol/L or nonfasting
glucose ⱖ 11.1 mmol/L or the use of glucose-lowering
drugs (35). Overweight status was defined as body mass
index ⱖ 25 kg/m2. Subject-specific information on drug
use was obtained from IADB, a database comprising pharmacy-dispensing data from regional community pharmacies (www.IADB.nl) (36).

data, differences in baseline characteristics were tested
with the t test or, if appropriate, ANOVA. For nonparametric data we used the Mann–Whitney U test or, if appropriate, the Kruskal–Wallis test. Outcomes on RFFT
scores between different eGFR and albuminuria categories
were tested by ANOVA. Adjusted RFFT scores were calculated by analysis of covariance (ANCOVA).
The independent association of albuminuria and eGFR
with cognitive function was investigated in a stepwise
approach. First, multivariable linear regression analysis
was used controlling for age, sex, educational level, diabetes mellitus, hypertension, history of cardiovascular disease, body mass index, alcohol use, cholesterol, and smoking. Second, interaction of age and albuminuria and their
association with RFFT score was considered by entering
both variables and their product term in multivariate analysis: age ⫻ lnUAE, where age is in years and UAE is in
milligrams per 24 hours. Finally, from all subjects longitudinal data on albuminuria and eGFR were available from
baseline until the third survey (mean time span [⫾ SD] 6.1 ⫾ 0.7
years). Using ANCOVA, we compared RFFT scores of sub-

Data Analyses
Statistical analyses were performed with SPSS version
16.0 (SPSS, Inc., Chicago, IL). For normally distributed
Table 2. Characteristics of the study population dependent on tertile of age

Tertile 1
Tertile 2
Tertile 3
(age 34 to 48 years) (age 49 to 59 years) (age 60 to 82 years)
n
Demographics
age (years), mean ⫾ SD
men, n (%)
Educational level, n (%)
primary school
lower secondary
higher secondary
university
Cardiovascular risk factors
history of vascular events, n (%)
diabetes mellitus, n (%)
hypertension, n (%)
systolic BP (mmHg), mean ⫾ SD
diastolic BP (mmHg), mean ⫾ SD
current smoking, n (%)
body mass index (kg/m2),
mean ⫾ SD
overweight, n (%)
alcohol use, n (%)
HDL-cholesterol (mmol/L),
mean ⫾ SD
non-HDL cholesterol (mmol/L),
mean ⫾ SD
Renal variables
eGFR MDRD (ml/min per 1.73 m2),
mean ⫾ SD
low (⬍60), n (%)
intermediate (60 to 89), n (%)
normal (ⱖ90), n (%)
Serum creatinine (mol/L), mean ⫾ SD
UAE (mg/24 h), median [IQR]
low (⬍10), n (%)
intermediate (10 to 29), n (%)
elevated (ⱖ30), n (%)
RFFT score, mean ⫾ SD

All

1395

1370

1330

4095

42 ⫾ 4
679 (49)

54 ⫾ 3
675 (49)

68 ⫾ 6
786 (59)

55 ⫾ 12
2143 (52)

44 (3)
257 (18)
486 (34)
626 (45)

107 (8)
407 (30)
357 (26)
499 (36)

248 (19)
548 (41)
278 (21)
256 (19)

399 (10)
1212 (30)
1105 (27)
1382 (33)

25 (2)
13 (1)
133 (10)
118 ⫾ 13
70 ⫾ 8
358 (26)
26 ⫾ 4

75 (6)
73 (5)
449 (33)
124 ⫾ 16
74 ⫾ 9
376 (27)
27 ⫾ 5

207 (16)
169 (13)
807 (61)
136 ⫾ 19
75 ⫾ 9
238 (18)
28 ⫾ 4

307 (8)
255 (6)
1390 (34)
126 ⫾ 18
73 ⫾ 9
972 (24)
27 ⫾ 4

704 (51)
1118 (80)
1.4 ⫾ 0.4

868 (63)
1076 (79)
1.4 ⫾ 0.4

976 (73)
929 (70)
1.4 ⫾ 0.4

2548 (62)
3123 (76)
1.4 ⫾ 0.4

5.2 ⫾ 1.0

5.6 ⫾ 1.0

5.4 ⫾ 1.1

5.4 ⫾ 1.1

84 ⫾ 13

80 ⫾ 13

72 ⫾ 15

79 ⫾ 15

29 (2)
955 (69)
411 (29)
82 ⫾ 14
8.1 [6.2 to 12.3]
893 (64)
414 (30)
88 (6)
83 ⫾ 25

72 (5)
1025 (75)
273 (20)
83 ⫾ 14
9.2 [6.4 to 16.2]
763 (56)
439 (32)
168 (12)
70 ⫾ 23

243 (18)
945 (71)
142 (11)
90 ⫾ 22
12.5 [7.2 to 31.7]
547 (41)
443 (33)
340 (26)
52 ⫾ 20

344 (9)
2925 (71)
826 (20)
85 ⫾ 17
9.4 [6.5 to 17.3]
2203 (54)
1296 (31)
596 (15)
69 ⫾ 26

MDRD, Modification of Diet in Renal Disease; IQR, interquartile range; UAE, urinary albumin excretion.
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jects with stable albuminuria (change ⫺5 to 5 mg/24 h) to
subjects with decreasing (change less than ⫺15 mg/24 h, or
⫺15 to less than ⫺5 mg/24 h) and increasing albuminuria
(change ⬎5 to 15 mg/24 h, or ⬎15 mg/24 h) before RFFT
measurement. A similar analysis was done for eGFR using
the following definitions: stable eGFR (change between
⫺10 to 10 ml/min per 1.73 m2), decreasing eGFR (change
less than ⫺20 ml/min per 1.73 m2 or ⫺20 to less than ⫺10
ml/min per 1.73 m2), and increasing eGFR (change ⬎10 to
20 ml/min per 1.73 m2, or ⬎20 ml/min per 1.73 m2) before
RFFT measurement.
Sensitivity Analyses
Various a priori-defined sensitivity analyses were performed. First, because the PREVEND cohort is enriched for
individuals with elevated albuminuria, we repeated our
analysis in a subsample of the PREVEND population that
reflects the prevalence of elevated albuminuria in the normal population (7.5%). The representativity of this subsample for the general population has been described previously (18). Second, all analyses were repeated excluding
subjects with comorbidities, which might negatively influence cognitive function. Third, we performed sensitivity
analyses with other measurements of kidney function such
as creatinine clearance (mean of two 24-hour urine collections), the Chronic Kidney Disease–Epidemiology Collaboration (CKD-EPI), and Cockroft–Gault formulas. Finally,
to enable comparison of our data with previous studies, we
repeated our analyses with albuminuria or only eGFR in
subgroups of our population, creating data sets on the
basis of characteristics known from earlier studies, such as
elderly age (ⱖ65 years) (3,4,9,12,37) and subjects with cardiovascular risk factors (10,13,17).

Results
Study Population
Overall, 4158 subjects completed the RFFT test. A total of
1271 subjects (21.6%) refused cognitive testing and 433
(7.4%) had incomplete RFFT data. Subjects without RFFT
were slightly older (mean age [⫾ SD] 56 ⫾ 12 versus 55 ⫾
12 years [P ⬍ 0.001]) and had a lower educational level
(P ⬍ 0.001). There was a small yet statistically significant
difference in mean eGFR (⫾ SD), 78 ⫾ 15 versus 79 ⫾ 15
ml/min per 1.73 m2, respectively (P ⬍ 0.001), but not for
albuminuria (P ⫽ 0.88) or history of cardiovascular disease
(P ⫽ 0.45). Of those with complete RFFT data (n ⫽ 4158),
subjects lacking data on other main variables (n ⫽ 63) were
excluded. The final study population thus comprised 4095
subjects (Table 2). Mean (⫾ SD) RFFT score was 69 ⫾ 26.
Age and educational level appeared the strongest determinants of RFFT score. The association of RFFT score with
age and educational level is depicted in Figure 1. Albuminuria ⱖ 30 mg/24 h was present in 15% and eGFR ⬍ 60
ml/min per 1.73 m2 in 9% (Table 2). There was a clear
association of increasing degrees of albuminuria and lower
classes of eGFR with the presence of vascular risk factors
(Table 3).
Cognitive Function, Albuminuria, and eGFR
Unadjusted, subjects with albuminuria 10 to 29 mg/24 h
and ⱖ30 mg/24 h had a lower (worse) RFFT score than

Figure 1. | Mean Ruff Figural Fluency Test (RFFT) score and its
relationship with age and educational level.

subjects with albuminuria ⬍ 10 mg/24 h (Figure 2). This
was found in the total study population (P ⬍ 0.001) and in
each of the three eGFR categories (P ⬍ 0.001). Similarly,
subjects with lower eGFR had lower unadjusted RFFT
scores (Figure 2). In subjects with an eGFR ⬍ 60 ml/min
per 1.73 m2, unadjusted RFFT scores were not significantly
different between subjects with albuminuria 10 to 29 and
ⱖ30 mg/24 h (P ⫽ 0.95).
The differences in RFFT scores decreased after multivariate adjustment (Figure 2). As compared with subjects with
albuminuria ⬍ 10 mg/24 h, subjects with albuminuria 10
to 29 mg/24 h scored 2 points (95% CI ⫺3 to 0; P ⫽ 0.01)
lower, and subjects with albuminuria ⱖ 30 mg/24 h scored
3 points (95% CI ⫺5 to ⫺1; P ⫽ 0.001) lower. Considering
categories of eGFR, the difference in adjusted RFFT score
of subjects with albuminuria ⱖ 30 mg/24 h compared with
⬍10 mg/24 h was ⫺0.9 points (95% CI ⫺5.9 to 4.2; P ⫽
0.73), ⫺3.5 points (95% CI ⫺5.9 to ⫺1.1; P ⫽ 0.004), and
⫺3.6 points (95% CI ⫺8.2 to 1.1; P ⫽ 0.13) for eGFR ⬍60, 60
to 89, and ⱖ90 ml/min per 1.73 m2, respectively. After
multivariate adjustment, RFFT scores were no longer dependent on eGFR category (Figure 2).
Interaction of Albuminuria and Age
The findings depicted in Figure 2 were in line with
results from linear regression analysis in the total study
population, in which testing also revealed a significant
interaction of lnUAE and age (B ⫽ 0.08; 95% CI 0.02 to 1.33;
P ⫽ 0.008). This interaction remained significant in the
fully adjusted model: for age (B ⫽ ⫺1.0; 95% CI ⫺1.2 to
⫺0.9; P ⬍ 0.001); for lnUAE (B ⫽ ⫺3.9; 95% CI ⫺7.2 to 0.6;
P ⫽ 0.02); and for lnUAE ⫻ age (B ⫽ 0.06; 95% CI 0.004 to
0.11; P ⫽ 0.04). The association with eGFR was not statistically significant in the fully adjusted model (B ⫽ 0.009;
95% CI ⫺0.04 to 0.06; P ⫽ 0.71).
Analysis per Age Group
Because of the significant age-by-albuminuria interaction, analyses were performed in age tertiles. As shown in

a

446 (75)
159 (27)
1.3 ⫾ 0.4
5.2 ⫾ 1.1
74 ⫾ 18

874 (67)
311 (24)
1.4 ⫾ 0.4
5.3 ⫾ 1.0
80 ⫾ 15

64 [40 to 136]

100 (17)
99 (17)
383 (64)
138 ⫾ 21
77 ⫾ 9
28 ⫾ 5

91 (7)
88 (7)
506 (39)
129 ⫾ 17
75 ⫾ 9
27 ⫾ 5

14 [12 to 20]

61 ⫾ 12
410 (69)

596

Elevated
(ⱖ30)

55 ⫾ 12
720 (56)

1296

Intermediate
(10 to 29)

52 ⫾ 8
14 [7 to 47]

⬍0.001
⬍0.001

5.3 ⫾ 1.2

9 [6 to 16]

76 ⫾ 8

5.4 ⫾ 1.1

1838 (63)
632 (22)
1.4 ⫾ 0.4

⬍0.001 259 (75)
0.13
72 (21)
⬍0.001
1.4 ⫾ 0.4
0.002

213 (7)
162 (6)
946 (32)
125 ⫾ 18
73 ⫾ 9
27 ⫾ 4

⬍0.001 54 (16)
⬍0.001 49 (14)
⬍0.001 226 (66)
⬍0.001
134 ⫾ 21
⬍0.001
75 ⫾ 10
⬍0.001
28 ⫾ 5

Intermediate
(60 to 89)
2925
55 ⫾ 11
1441 (49)

Low (⬍60)

10 [7 to 16]

99 ⫾ 7

5.2 ⫾ 1.0

451 (55)
268 (33)
1.4 ⫾ 0.4

40 (5)
44 (5)
217 (26)
124 ⫾ 16
72 ⫾ 8
26 ⫾ 5

50 ⫾ 10
544 (66)

826

Normal
(ⱖ90)

eGFR (ml/min per 1.73 m2)

344
⬍0.001
65 ⫾ 11
⬍0.001 155 (45)

Pa

P value for comparison between normal versus elevated albuminuria; P value for comparison between eGFR categories.

n
2203
Age (years), mean ⫾ SD
52 ⫾ 11
Men (%)
1010 (46)
Cardiovascular risk factors
history of vascular events (%)
117 (5)
diabetes mellitus (%)
68 (3)
hypertension (%)
500 (23)
systolic BP (mmHg), mean ⫾ SD
121 ⫾ 15
diastolic BP (mmHg), mean ⫾ SD
71 ⫾ 8
body mass index (kg/m2),
26 ⫾ 4
mean ⫾ SD
overweight (%)
1228 (56)
current smoking (%)
502 (23)
HDL cholesterol (mmol/L),
1.5 ⫾ 0.4
mean ⫾ SD
non–HDL cholesterol (mmol/L),
5.4 ⫾ 1.0
mean ⫾ SD
Renal variables
eGFR MDRD (ml/min per 1.73 m2),
79 ⫾ 13
mean ⫾ SD
UAE (mg/24 h), median [IQR]
7 [6 to 8]

Low (⬍10)

Albuminuria (mg/24 h)

Table 3. Vascular risk factors and renal variables dependent on clinical classes of albuminuria and eGFR

⬍0.001

⬍0.001

⬍0.001

⬍0.001
⬍0.001
⬍0.001

⬍0.001
⬍0.001
⬍0.001
⬍0.001
⬍0.001
⬍0.001

⬍0.001
⬍0.001

Pb
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measurement and RFFT score. In the youngest tertile,
when compared with subjects with stable albuminuria before RFFT measurement, both groups with increasing albuminuria over time had significantly lower RFFT scores
(Figure 3). In the older tertiles differences were not significant. A similar analysis was performed for change in
eGFR before RFFT measurement. This showed no differences between subjects with a stable versus either an increasing or decreasing level of eGFR before RFFT measurement.

Figure 2. | Mean RFFT score in subjects subdivided into clinical
classes of albuminuria and estimated GFR (eGFR). Adjusted RFFT
scores were calculated by analysis of covariance (ANCOVA) and
adjusted for age, sex, educational level, diabetes mellitus, hypertension, history of cardiovascular disease, body mass index, alcohol
use, cholesterol, and smoking. Bars represent 95% confidence intervals.

Table 4, the regression coefficient for RFFT score showed a
stepwise decline with increasing levels of albuminuria in
all age tertiles. However, the association of cognitive function with elevated albuminuria was only significant for the
youngest tertile (Table 4). Young subjects with albuminuria
ⱖ 30 mg/24 h scored 5 points lower than age peers with
albuminuria ⬍ 10 mg/24 h (B ⫽ ⫺5.3; 95% CI ⫺10.4 to
⫺0.1; P ⫽ 0.048), which equals a difference in 7 years of
age (as the RFFT score decreases with 0.76 points/yr;
Table 4).
Longitudinal Data
We subsequently analyzed if there also was an association between change in albuminuria or eGFR before RFFT

Sensitivity Analyses
We repeated analyses in a sample of the PREVEND
cohort representative for the general population (Table 5).
Results were similar to those of the total study population,
showing a significant negative association of elevated albuminuria with RFFT score but not for eGFR in the youngest tertile. To determine whether the presence of comorbidities had biased the observed association, we conducted
several sensitivity analyses in subgroups without specific
cardiovascular risk factors. The association of albuminuria
and eGFR remained similar when excluding subjects with
a history of cardiovascular disease, cerebrovascular events,
diabetes mellitus, or an eGFR ⬍ 60 ml/min per 1.73 m2
(Table 5). Finally, sensitivity analyses with alternative measures for kidney function (CKD-EPI, creatinine clearance, and
Cockroft–Gault) were performed (Table 5).
Comparison with Previous Studies
Finally, we made a comparison with earlier studies by
focusing on the association of RFFT scores with eGFR in
elderly with cardiovascular risk factors such as diabetes
mellitus, smoking, or a history of cardiovascular events. If
the fully adjusted analysis was limited to persons 65 years
of age or older with increased cardiovascular risk and no
adjustment was made for albuminuria, we found that

Table 4. Linear regression analysis of RFFT score with albuminuria and eGFR in tertiles of age

Tertile 1 (age 34 to 48 years)
B

95% CI

P

Tertile 2 (age 49 t o 59 years)
B

95% CI

P

Tertile 3 (age 60 to 82 years)
B

95% CI

Albuminuria (mg/24 h)
low (⬍10)
Reference
Reference
Reference
Reference
Reference
Reference
intermediate (10 to 29)
⫺2.09
⫺4.8 to 0.6
0.13
⫺1.68
⫺4.3 to 0.8
0.18
⫺0.20
⫺2.5 to 2.1
elevated (ⱖ30)
⫺5.25
⫺10.4 to ⫺0.1
0.05
⫺1.76
⫺5.3 to 1.9
0.37
⫺0.50
⫺3.1 to 2.1
eGFR (ml/min per
0.04
⫺0.6 to 0.1
0.44
⫺0.03
⫺0.1 to 0.1
0.47
⫺0.03
⫺0.4 to 0.1
1.73 m2)
Age (years)
⫺0.76
⫺1.1 to ⫺0.4 ⬍0.001
⫺1.17
⫺1.5 to ⫺0.8 ⬍0.001
⫺0.79
⫺1.0 to ⫺0.6
Gender
male
Reference
Reference
Reference
Reference
Reference
Reference
female
⫺0.65
⫺3.2 to 1.9
0.62
1.18
⫺1.2 to 3.6
0.34
0.47
⫺1.7 to 2.6
Educational level
primary school
Reference
Reference
Reference
Reference
Reference
Reference
lower secondary
4.24
⫺3.2 to 11.6
0.26
5.43
0.1 to 9.9
0.02
5.70
⫺3.0 to 8.4
higher secondary
12.19
4.9 to 19.4
0.001
14.22
9.6 to 18.9 ⬍0.001
11.28
8.2 to 14.4
university
22.86
15.6 to 30.1 ⬍0.001
22.69
18.1 to 27.3 ⬍0.001
19.27
16.0 to 22.5

P

0.86
0.71
0.35
⬍0.001

0.67

⬍0.001
⬍0.001
⬍0.001

Model adjusted for adjusted for classes of albuminuria, eGFR, age, gender, educational level, diabetes, hypertension, history of
cardiovascular disease, body mass index, alcohol use, cholesterol, and smoking. Model tertile 1: adjusted R2 ⫽ 0.15, residual SD ⫽ 23.
Model tertile 2: adjusted R2 ⫽ 0.21, residual SD ⫽ 21. Model tertile 3: adjusted R2 ⫽ 0.21, residual SD ⫽ 18; CI, confidence interval.
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Figure 3. | Mean RFFT score and its relationship with the change in
albuminuria (mg/24 h) between baseline (1997 to 1998) and the
third survey (2000 to 2003) in subjects subdivided into tertiles of
age. Adjusted RFFT scores were calculated by ANCOVA and adjusted for eGFR, age, sex, educational level, diabetes, hypertension,
history of cardiovascular disease, body mass index, alcohol use,
cholesterol, and smoking. Bars represent the 95% CIs of the mean
RFFT score. *P ⬍ 0.05.

lower eGFR was significantly associated with lower cognitive function (B ⫽ 0.09; 95% CI 0.02 to 0.17; P ⫽ 0.04) in
accordance with previous studies.

Discussion
In this community-based cohort, elevated albuminuria— but not eGFR—was associated with worse cognitive function. This association was only present in the
younger cohort. Furthermore, younger subjects with stable albuminuria during 6 years of follow-up performed
significantly better with respect to cognitive function
testing compared with those with increasing albuminuria levels.
Our findings extend the existing knowledge on the association of albuminuria with cognitive function to
younger subjects. Previous studies on this topic were predominantly limited to elderly populations (3,4,12,13,16,17).
Several of these found albuminuria to be associated with
worse cognitive performance (4,12,13,17). In our study
such an association was not found in the elderly. This may
be due to chance or a lack of power, but it may also be due
to differences in study characteristics. Whereas we studied
nonselected community-dwelling elderly, others studied
selected subpopulations (e.g., activities-of-daily-living-dependent elderly or subjects with impaired glucose tolerance) (4,13) or found an association in parts of their population (e.g., elderly with peripheral artery disease [12,17]
or dementia [3]).
The differences in the association between elevated albuminuria and cognitive function in younger versus older
persons could be explained in several ways. First, albumin-

uria is a marker of impaired endothelial function (38 – 40),
and elevated levels of albuminuria often precede a decrease in eGFR (41). Our data show that the association
was already noticeable from the early phases of renal damage. It is plausible that this association is most evident at a
young age, when the prevalence of interacting comorbid
conditions that may statistically obscure this association is
low. Second, ongoing vascular damage may result in distinctive pathologic processes in the kidney compared with
the brain. Consequently, the direct association of albuminuria with cognitive function may become less prominent at
a higher age because higher age is associated with more
advanced CKD.
We found no association between eGFR and cognitive
function, which is in line with data from two recent
studies (4,16). However, this finding is in contrast to
most other previous cross-sectional studies (10,11,42–
44). Our results may differ from these studies because of
various population characteristics. Our communitybased population comprised a considerable number of
young subjects with normal or moderately impaired
eGFR, whereas others focused on elderly or high-risk
populations (9 –11,37) and included higher numbers of
people with low eGFR (10,11,42,43). Another explanation might be that most previous studies did not take
albuminuria into account as a possible confounder
(37,42– 44). This assumption is supported by the fact that
in our study eGFR did show a significant association
with cognitive function in our high-risk elderly patients,
but only when not accounting for albuminuria. Analyses
of the association between CKD and cognitive function
should preferably include both renal variables because
the presence of albuminuria has important prognostic
significance. This has also been shown recently for the
association between CKD and all-cause and cardiovascular mortality (31).
Some limitations of this study have to be noted. Because the PREVEND cohort is enriched for individuals
with elevated albuminuria, it could be argued that selection bias influenced outcomes. However, a sensitivity
analysis in a representative sample for the general population did not change results. Furthermore, the number
of subjects with an eGFR ⬍ 45 ml/min per 1.73 m2 in the
PREVEND cohort was limited. The link with cognitive
function might be different in these persons; therefore,
our conclusions cannot be extended to individuals with
very low eGFR. Our results were based on a single
cognitive function test, in contrast to several previous
studies in which detailed neurocognitive testing was
used (3,4,13,16). However, the RFFT is a sensitive measure reflecting a broad spectrum of cognitive performance (28). Finally, longitudinal data on cognitive function were lacking and the cross-sectional design does not
allow determining a temporal relation. However, progressive albuminuria before RFFT testing was associated
with worse cognitive function.
Our study also has several strengths. It includes a
community-based population with a wide range of age,
eGFR, and educational level. Furthermore, albuminuria
was calculated from two 24-hour urine collections,
whereas most previous studies used the albumin/
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Table 5. Sensitivity analyses of RFFT score with albuminuria in the youngest age tertile

Albuminuria (mg/24 h)
General population samplea
low (⬍10)
intermediate (10 to 29)
elevated (ⱖ30)
Measurements of kidney function
eGFR CKD-EPI
low (⬍10)
intermediate (10 to 29)
elevated (ⱖ30)
creatinine clearance (24-hour urine collection)
low (⬍10)
intermediate (10 to 29)
elevated (ⱖ30)
Cockroft–Gault formula
low (⬍10)
intermediate (10 to 29)
elevated (ⱖ30)
Exclusion of comorbidities
after exclusion of diabetes mellitus
low (⬍10)
intermediate (10 to 29)
elevated (ⱖ30)
after exclusion of eGFR⬍60 ml/min per 1.73 m2
low (⬍10)
intermediate (10 to 29)
elevated (ⱖ30)
after exclusion of cardiovascular disease
low (⬍10)
intermediate (10 to 29)
elevated (ⱖ30)
after exclusion of cerebrovascular disease
low (⬍10)
intermediate (10 to 29)
elevated (ⱖ30)

B

95% CI

P

Reference
⫺1.4
⫺10.6

Reference
⫺6.2 to 3.3
⫺19.9 to ⫺1.3

Reference
0.55
0.02

Reference
⫺2.08
⫺5.23

Reference
⫺4.8 to 0.6
⫺10.4 to ⫺0.04

Reference
0.13
0.04

Reference
⫺2.26
⫺5.26

Reference
⫺4.9 to 0.4
⫺10.5 to ⫺0.05

Reference
0.10
0.04

Reference
⫺2.45
⫺5.27

Reference
⫺5.1 to 0.3
⫺10.4 to ⫺0.09

Reference
0.75
0.04

Reference
⫺1.92
⫺6.04

Reference
⫺4.6 to 0.8
⫺11.3 to ⫺0.7

Reference
0.13
0.03

Reference
⫺2.18
⫺5.77

Reference
⫺4.9 to 0.5
⫺11.1 to ⫺0.4

Reference
0.15
0.03

Reference
⫺2.14
⫺5.62

Reference
⫺4.8 to 0.6
⫺10.9 to ⫺0.3

Reference
0.57
0.04

Reference
⫺2.16
⫺5.13

Reference
⫺4.9 to 0.5
⫺10.3 to ⫺0.06

Reference
0.13
0.05

Model adjusted for adjusted for classes of albuminuria, eGFR, age, gender, educational level, diabetes, hypertension, history of
cardiovascular disease, body mass index, alcohol use, cholesterol, and smoking. In the sensitivity analyses, no significant
associations were found in the two older tertiles of age CKD-EPI, Chronic Kidney Disease-Epidemiology Collaboration.
a
Subsample PREVEND cohort reflecting the prevalence of elevated albuminuria in the normal population (7.5%).

creatinine ratio (3,4,12,16,17). However, elevated albumin/creatinine ratio can reflect high urinary albumin or
just reflect low urinary creatinine, which is common in
frail elderly. This potential misclassification is avoided
by calculating albuminuria from 24-hour urine collections. Finally, contrary to cognitive tests such as the
Modified Mini-Mental State Examination, the Digit Symbol Substitution Test, or the Telephone Interview for
Cognitive Status as previously used (11,12,17,43), the
RFFT not only distinguishes differences in cognitive
function of elderly, but it is also sensitive to differences
between younger adults.
In conclusion, in the younger population, elevated
albuminuria was associated with worse cognitive function in this community-based cohort with relatively preserved renal function. There was no association of eGFR
with cognitive function.
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