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Abstract.
Background: The role of chronic kidney disease (CKD) as a risk factor for cognitive impairment independent of their shared
antecedents remains controversial.
Objective: To determine whether kidney damage (indicated by albuminuria) or kidney dysfunction (estimated glomerular
filtration rate [eGFR] <60 ml/min/1.73 m2) predict future (12-year) cognitive function independently of their shared risk
factors.
Methods: We studied 4,128 individuals from the 1999/00 population-based Australian Diabetes, Obesity, and Lifestyle
(AusDiab) Study who returned in 2011/12 for follow-up cognitive function testing. Albuminuria was defined by urinary
albumin:creatinine ≥3.5 (women) or ≥2.5 mg/mmol (men). Kidney dysfunction was indicated by eGFR <60 ml/min/1.73
m2. Cognitive function domains assessed included memory (California Verbal Learning Test [CVLT]) and processing speed
(Symbol Digit Modalities Test [SDMT]).
Results: Baseline albuminuria and kidney dysfunction were identified in 142 (3.4%) and 39 (0.9%) individuals, respectively,
with minimal overlap (n = 7). Those with albuminuria demonstrated concurrently reduced 12-year SDMT (p = 0.084) and
CVLT scores (p = 0.005) following adjustment for age, sex, and education. However, only CVLT performance remained worse
(p = 0.027) following additional adjustment for myocardial infarction, stroke, and related risk factors (hypertension, diabetes,
dyslipidemia, smoking, BMI, physical activity, and alcohol intake). Indeed, these collective covariates were responsible for
47% of the effect of albuminuria on SDMT, but only 21% of its effect on CVLT. Kidney dysfunction was not associated with
either SDMT or CVLT performance (p > 0.10).
Conclusions: Albuminuria predicted worse memory function at 12 years follow-up, whereas its effect on processing speed
was driven largely by differences in cardiovascular risk. Kidney dysfunction based on eGFR predicted neither cognitive
domain.
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INTRODUCTION

Cognitive impairment preceding dementia is com-
mon in older adults and projected to continue to
escalate in line with ever-increasing longevity [1].
Screening of high-risk individuals and early thera-
peutic intervention are obviously desirable in this
context, but a prerequisite of this remains a more
complete understanding of antecedent risk factors
and risk markers. Cognitive impairment is highly
prevalent in end-stage kidney disease [2] and asso-
ciated with more prolonged hospitalization, greater
time demands on healthcare professionals, and excess
mortality in this setting [3–5]. Over-representation
of cognitive impairment in earlier stages of chronic
kidney disease (CKD) is also recognized—an asso-
ciation found in several cross-sectional studies to
be independent of traditional cardiovascular risk
factors and other potential covariates [2]. While
these data collectively suggest CKD as a contribu-
tor to cognitive impairment and progressive cognitive
decline toward dementia, relevant prospective studies
have produced conflicting evidence. A 2012 meta-
analysis reported ∼1.4 times higher odds of worse
cognition in those with CKD, compared to those
without, but with significant between-study hetero-
geneity (from six longitudinal studies spanning 2
to 7 years) [2]. Given emerging evidence that kid-
ney damage (e.g., albuminuria) may affect cognitive
function independently of the effects of kidney func-
tion [6], a common limitation of these studies has
been their reliance on estimates of glomerular fil-
tration in isolation. Concern has also been raised
about lack of adjustment for known determinants
of cognitive impairment that frequently coexist with
CKD [2]. Accordingly, studies of longer-term expo-
sure characterizing both kidney damage and kidney
dysfunction, appropriately adjusted for all key con-
founders, are required to better define the respective
roles of these indicators in subsequent cognitive
decline.

The population-based, Australian Diabetes, Obe-
sity and Lifestyle Study (AusDiab) quantified kidney
function and kidney damage as part of broader car-
diometabolic risk profiling at baseline and then again
at 5 and 12 years of follow-up. Cognitive function,
including the domains of processing speed, mem-
ory, and verbal ability, was additionally assessed at
12 years. In this study, we tested the hypothesis that
the constituent subtypes of CKD (i.e., kidney dam-
age indicated by albuminuria, and kidney dysfunction
based on reduced estimated glomerular filtration rate

[eGFR]) would independently predict worse cogni-
tive function measured 12 years later.

MATERIALS AND METHODS

AusDiab is a national population-based survey
directed at the epidemiology of diabetes and related
chronic diseases and risk factors in adults aged ≥25
years. Detailed sampling and data collection methods
have been described elsewhere [7]. In brief, 11,247
individuals completed the baseline survey in 1999/00,
6,537 of whom returned for a 5-year follow-up assess-
ment in 2004/05 and 4,615 for a 12-year follow-up
in 2011/12. Blood and urine biochemical markers of
kidney damage and kidney function were measured at
all time points. Cognitive function testing was intro-
duced at the 2011/12 follow-up. The AusDiab study
was approved by human research ethics committees
of the International Diabetes Institute, Monash Uni-
versity and Alfred Hospital. All individuals provided
written informed consent.

Exposures (kidney damage and kidney
dysfunction)

Albuminuria (encompassing macro- and microal-
buminuria) was defined by albumin:creatinine
ratio ≥3.5 mg/mmol (women) or ≥2.5 mg/mmol
(men) from an early morning random spot urine
sample. Kidney dysfunction was indicated by
eGFR <60 ml/min/1.73 m2 (where eGFR was calcu-
lated from serum creatinine according to the Chronic
Kidney Disease Epidemiology Collaboration [CKD-
EPI] equation [8]). The primary analyses were based
on albuminuria/kidney dysfunction characterized at
baseline (1999/00; i.e., given this afforded the longest
duration of exposure). However, comparisons were
also made on the basis of the 2004/05 classification to
explore potential differences according to exposure
duration (i.e., 12 years versus 7 years).

Since cystatin C (an alternate filtration biomarker
that may hold advantages over creatinine for eGFR
calculation) was also measured in 1999/00, we
repeated the 12-year exposure analyses after redefin-
ing kidney dysfunction using two cystatin C-based
eGFR equations (one using cystatin C only; the other
both cystatin C and serum creatinine combined; avail-
able in 95% of the final sample) [9].

Outcome measures (cognitive function)

Two domains of cognitive function comprised the
primary outcome measures [10]:
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1) Memory (California Verbal Learning Test
[CVLT]; one immediate and one delayed [20-
min] trial) [11]. Scores range from 0 to 16 based
on recall of 16 common shopping list items.

2) Processing speed (Symbol Digit Modalities Test
[SDMT]) [12]. Score (unbounded) based on the
number of correct symbol-to-digit substitutions
made within 90 s, using a supplied reference key.

Since CVLT and SDMT scores were based on dif-
ferent scales of measurement (i.e., making it difficult
to evaluate differences in memory and processing
speed relative to each other), these data were re-
expressed as z-scores (i.e., standardized values based
on number of standard deviations from the mean).

Premorbid/age-independent cognition was esti-
mated by level of educational attainment in all
individuals; however, a formal assessment—the
Spot-The-Word (STW) test of verbal ability
[13]—was undertaken in a subgroup of 4,037 indi-
viduals (scored from 0 to 60 based on the number
of ‘real’ words identified from 60 pairs of real ver-
sus non-words). This afforded sensitivity analyses of
between-group differences adjusted for STW score,
rather than education level, in 98% of the final sample.

Individuals 60 years and older were additionally
screened for global cognitive impairment using the
Mini-Mental State Examination (MMSE; <24 out of
30 indicating cognitive impairment) [14].

Covariates

Age, sex, education level, medical history, medi-
cation use, and clinical/behavioral risk factors were
derived from a combination of interviewer-admin-
istered questionnaires and clinical/biochemical data.
Diabetes was deemed to be present in cases of
a self-reported previous diagnosis and/or use of
hypoglycemic medication, or if World Health Orga-
nization (WHO) oral glucose tolerance testing
(OGTT) criteria were met [15]. Pre-diabetes was
also classified on the basis of WHO OGTT criteria.
Hypertension was defined by blood pressure ≥140/90
mmHg (seated rest; mean of at least two recordings)
and/or use of antihypertensive medication. Physi-
cal activity was quantified using a validated survey
[16], based on which individuals were classified
as being sufficiently active (i.e., meeting the pub-
lic health-recommended volume of ≥150 min/week
moderate-intensity activity, or an equivalent vol-
ume at higher intensity), insufficiently active (i.e.,
<150 min/week moderate-intensity activity or equiv-

alent), or inactive. Due to its previously reported
non-linear relationship with cognition [17], alcohol
intake was categorized as follows: abstainers; >0 but
<10 g/day; ≥10 to <20 g/day; 20 + g/day (where 10 g
defines 1 standard drink in Australia). Dyslipidemia
was defined by any abnormality of total cholesterol
(≥5.5 mmol/L), HDL cholesterol (<1.0 mmol/L),
LDL cholesterol (≥3.5 mmol/L), or triglycerides
(≥2.0 mmol/L), or use of lipid-lowering medica-
tion. Other covariates included body mass index
(BMI; standard calculation from height and weight),
smoking status (current versus former smoker versus
never-smoked), and depressive symptoms (based on
a Center for Epidemiologic Studies Short Depression
Scale [18] score of ≥10). All covariates were assessed
at each time point except for depressive symptoms
(2011/12 follow-up only).

Laboratory methods

Urinary albumin was analyzed by rate nephelom-
etry with the Beckman Array (Beckman/Coulter,
Fullerton, USA). Urinary creatinine in 1999/00 was
derived from the modified kinetic Jaffé reaction
(Olympus AU600 autoanalyzer; Olympus Optical
Co. Ltd., Tokyo, Japan), whereas at follow-up it
was based on the spectrophotometric-Jaffe alkaline
picrate method (Roche Modular; Roche Diagnos-
tics, Indianapolis USA). To ensure standardization of
eGFR values across the entire cohort, serum creati-
nine was measured on stored, frozen (–80◦C) samples
by enzymatic assay calibrated to the Isotope Dilution
Mass Spectrometry method (Roche Modular). Cys-
tatin C was measured using an immunoturbidimetric
assay (Roche/Hitachi 917, MODULAR P analyzer,
Roche Diagnostics).

Plasma glucose, total cholesterol, HDL-choles-
terol, and triglycerides were measured enzymati-
cally using an Olympus AU600 analyzer (Olympus
Optical). Glycated hemoglobin (HbA1c) was derived
from HPLC (Bio-Rad Variant Hemoglobin Testing
System).

Statistical analyses

Data were expressed as mean ± standard deviation
(continuous variables) or as percentages (categori-
cal variables), with unadjusted group comparisons
reflecting a t- or chi-square test, respectively. Trans-
formations were applied to achieve normality where
appropriate.
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Independent associations of baseline (i.e.,
1999/00) albuminuria and kidney dysfunction
with cognitive function in 2011/12 were analyzed
using a series of ANCOVA models with adjust-
ment for specific sets of covariates. The base
model (Model 1) featured age, sex, and education.
Model 2 additionally adjusted for atherosclerotic
cardiovascular disease (i.e., myocardial infarction
or stroke), diabetes, and hypertension (i.e., major
causes/consequences of CKD known to contribute
to cognitive impairment; where atherosclerotic
cardiovascular disease was a composite of previous
history at baseline and incident events during the
12-year follow-up) [17]. In model 3, lifestyle and
other risk factors influencing cognitive function were
also included (i.e., BMI, physical activity, smoking,
alcohol intake, and dyslipidemia) [17]. Where
between-group differences were observed in model
1, the percentage changes in the standardized � from
model 1 −→ 2, and model 1 −→ 3 in turn, were
calculated. These values estimated the proportions
of the effect of albuminuria/kidney dysfunction
explained by the added covariates (i.e., beyond age,
sex, and education).

Sensitivity analyses included the following: 1)
additional adjustment for the presence of depressive
symptoms at 12 years; and 2) replacement of edu-
cation level with STW score in the fully adjusted
model.

Interactions were tested by re-analyzing the fully
adjusted model inclusive of an interaction term
for each of the following covariates, in turn:
age, sex, education level, atherosclerotic cardiovas-
cular disease, diabetes, and hypertension (where
p < 0.10 indicated the presence of an interaction
effect). For the categorical outcome variable cog-
nitive impairment, multiple logistic regression was
applied to determine its associations with each expo-
sure, independent of confounders. All analyses were
undertaken using STATA version 14 (STATA, Col-
lege Station, USA) and p < 0.05 defined statistical
significance.

RESULTS

Derivation of the primary analytic sample is
depicted in Fig. 1. After taking into account attri-
tion and missing data, we included 4,128 individuals
with cognitive function measured in 2011/12, kid-
ney function and kidney damage characterized in
1999/00, and complete data for relevant covariates.

CKD was identified in 174 of these individu-
als (4.2%), of whom 142 had albuminuria (82%)
and 39 (22%) had kidney dysfunction (distribu-
tion/overlap of the two CKD subtypes is shown
in the Venn diagram within Fig. 1). This propor-
tion with CKD was lower than that identified in
the original population-based AusDiab sample and
in the cohort who returned for the interim 2004/05
assessment (10% for both). Supplementary Table 1
displays a comparison of those with and without
evidence of CKD in 1999/00 according to their inclu-
sion/exclusion across subsequent waves of follow-up.
The final analytic sample demonstrated a more favor-
able clinical profile overall (irrespective of CKD
status) compared with those groups lost to follow-
up in the first (1999/00 to 2004/05) and second
(2004/05 to 2011/12) phases, which were relatively
similar to each other. However, notable features of the
group with CKD included in this study versus those
lost to follow-up due to death/withdrawal included
their younger age at baseline and lower proportions
with a history of myocardial infarction, stroke, and
diabetes.

Participant characteristics

Clinical profiles of individuals with and with-
out both albuminuria and kidney dysfunction in
1999/00 are displayed in Table 1. Although each
CKD marker was associated with older age, the dif-
ference was less marked in the albuminuria group
(∼5 years older than controls; mean 53 years)
compared with the kidney dysfunction group (∼20
years older than controls; mean 68 years). Each of
albuminuria and kidney dysfunction were associ-
ated with lower education level, higher prevalence
of pre-diabetes/diabetes, hypertension, and myocar-
dial infarction, higher mean values of BMI, systolic
blood pressure, total cholesterol, and HbA1c, lower
mean HDL cholesterol, and lower alcohol intake.
Individuals with albuminuria also reported lower
levels of physical activity and were found to have
higher diastolic blood pressure (not observed in
the kidney dysfunction group). In turn, those with
kidney dysfunction tended to have higher LDL
cholesterol (not observed in the albuminuria group).
Table 1 also displays raw/unadjusted cognitive func-
tion data (full analyses described in the sections
below). MMSE screening in the subgroup of indi-
viduals aged 60 + revealed cognitive impairment in
3.5%.
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Fig. 1. Flow diagram showing derivation of the analytic sample. ACR, albumin:creatinine ratio; BMI, body mass index; CKD, chronic kidney
disease; CVD, cardiovascular disease; CVLT, California Verbal Learning Test; SDMT, Symbol Digit Modalities Test; eGFR, estimated
glomerular filtration rate.
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Table 1
Clinical characteristics at baseline (1999/00)

Albuminuria Normal p Kidney Normal p
(n = 142) ACR value dysfunction eGFR value

(n = 3986) (n = 39) (n = 4089)

Age (y) 53 ± 12 48 ± 11 <0.001 68 ± 8 48 ± 11 <0.001
Male (%) 42 44 0.67 44 44 0.96
Education (%) 0.004 0.12

<12 y 47 34 49 34
Secondary school 18 20 10 20
Tertiary 35 47 41 46

Clinical profile (%)
History of myocardial infarction 1.4 0.5 – 5.1 0.5 –
History of stroke 0 0.3 – 0 0.2 –
Diabetes <0.001 <0.001

IFG or IGT 23 15 44 15
Diabetes 15 4 5 4

Hypertension 61 22 <0.001 79 23 <0.001
Depressive symptoms (2011/12) 14 10 0.14 16 10 0.23
Events during 12-year f/u

Incident stroke 1.4 0.3 – 0 0.3 –
Incident CAD 9.2 2.4 <0.001 18.0 2.5 <0.001

Lifestyle risk factors (%)
Smoking 0.54 0.32

Former 29 28 23 28
Current 13 11 5 11

Physical activity 0.001 0.55
Inactive 26 15 15 15
Insufficient 31 31 23 31
Sufficient 43 54 62 54

Alcohol intake 0.035 0.004
Abstainer 19 12 26 12
>0 to <10 g/day 47 45 38 46
≥10 to <20 g/day 15 18 28 18
≥20 g/day 19 25 8 25

Clinical measures
Body mass index (kg/m2) 28.0 ± 5.8 26.5 ± 4.7 <0.001 27.7 ± 4.2 26.5 ± 4.7 0.125
Systolic BP (mmHg) 142 ± 25 126 ± 16 <0.001 144 ± 24 126 ± 16 <0.001
Diastolic BP (mmHg) 77 ± 13 70 ± 11 <0.001 73 ± 12 70 ± 11 0.110
Total cholesterol (mmol/L) 5.80 ± 1.12 5.58 ± 1.01 0.013 6.00 ± 0.97 5.58 ± 1.02 0.010
HDL cholesterol (mmol/L) 1.37 ± 0.35 1.45 ± 0.38 0.018 1.38 ± 0.38 1.45 ± 0.38 0.300
LDL cholesterol (mmol/L) 3.55 ± 0.97 3.49 ± 0.90 0.441 3.74 ± 0.80 3.49 ± 0.91 0.107
HbA1c (%) 5.4 ± 1 5.1 ± 0.5 <0.001 5.4 ± 0.4 5.1 ± 0.5 0.007

Cognitive function in 2011/12
SDMT – raw score 46 ± 14 50 ± 11 <0.001 38 ± 13 50 ± 11 <0.001

– z-score –0.4 ± 1.2 0 ± 1.0 <0.001 –1.1 ± 1.2 0 ± 1.0 <0.001
CVLT – raw score 5.7 ± 2.4 6.6 ± 2.4 <0.001 4.9 ± 2.4 6.6 ± 2.4 <0.001

– z-score –0.3 ± 1.0 0 ± 1.0 <0.001 –0.7 ± 1.0 0 ± 1.0 <0.001
STW score∗ 3.3 ± 1 3.2 ± 0.8 0.188 3.0 ± 1 3.2 ± 0.8 0.102
Cognitive impairment† 8.1 3.3 0.028 3.9 3.5 –

Data are mean ± standard deviation or %. p values reflect t-test or chi-square (omitted for categorical variables with cells showing n < 5). ∗To
achieve normality, raw STW scores were reflected (i.e., so that higher values indicated worse function), and then square-root transformed.
†Screening performed only on the subgroup of individuals aged 60 + years. ACR, albumin:creatinine ratio; BP, blood pressure; CAD,
coronary artery disease; CVLT, California Verbal Learning Test; eGFR, estimated glomerular filtration rate; IFG, impaired fasting glucose;
IGT, impaired glucose tolerance; HbA1c, glycated hemoglobin; HDL, high-density lipoprotein; LDL, low-density lipoprotein; SDMT,
Symbol Digit Modalities Test; STW, Spot-The-Word.

Albuminuria and cognitive function at 12 years

Individuals with albuminuria in 1999/00 had worse
memory 12 years later, indicated by a lower mean
CVLT score that persisted across all stages of covari-
ate adjustment (Fig. 2). Relative to the base model

inclusive of age, sex, and education, the proportion
of this effect explained by the collective covariates
of atherosclerotic cardiovascular disease, diabetes,
and hypertension was 8% (model 2). When lifestyle
and other risk factors were included, the proportion
mediated increased to 21%.
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Fig. 2. Albuminuria and cognitive function measured at 12 years
of follow-up. Data are between-group differences in CVLT and
SDMT z-scores measured at the 2011/12 follow-up. All data are
estimated marginal means with 95% confidence intervals (error
bars). Error bars crossing the zero line indicate no significant
difference between individuals with versus without albuminuria
(p > 0.05). Models 1 to 3 reflect incremental adjustment for a pro-
gressively more covariates; i.e., Model 1 featured age, sex, and
education level only; Model 2: Model 1 covariates + atheroscle-
rotic cardiovascular disease, hypertension and diabetes; Model 3:
Model 2 covariates + body mass index, physical activity, smoking,
alcohol intake, and dyslipidemia. The percentage values indicate
the proportion of the effect of albuminuria mediated by these incre-
mentally added covariates (i.e., beyond the Model 1 covariates of
age, sex and education). CVLT, California Verbal Learning Test;
SDMT, Symbol Digit Modalities Test.

In contrast to memory, worse processing speed in
individuals with albuminuria was only borderline sig-
nificant in the base model, and largely explained by
cardiometabolic factors (model 2 proportion medi-
ated: 31%) and lifestyle/other risk factors (model 3
proportion mediated: 47%).

Sensitivity analyses
No interactions between albuminuria and the tested

covariates on either CVLT or SDMT scores, were
observed. Additional adjustment for the presence of
depressive symptoms characterized at the time of
cognitive testing (subgroup n = 3985) did not alter
group differences in CVLT or SDMT from those
described for model 3 (despite depressive symp-
toms being a significant predictor of both CVLT and
SDMT scores; p < 0.05).

In the subgroup of 3,993 individuals whose pre-
morbid function was characterized by verbal ability
(STW score), replacement of education level with

Fig. 3. Kidney dysfunction and cognitive function measured at 12
years of follow-up. Data are between-group differences in CVLT
and SDMT z-scores measured at the 2011/12 follow-up. All data
are estimated marginal means with 95% confidence intervals (error
bars). Error bars crossing the zero line indicate no significant differ-
ence between individuals with versus without kidney dysfunction
(p > 0.05). Models 1 to 3 reflect incremental adjustment for a pro-
gressively more covariates; i.e., Model 1 featured age, sex and
education level only; Model 2: Model 1 covariates + atheroscle-
rotic cardiovascular disease, hypertension and diabetes; Model 3:
Model 2 covariates + body mass index, physical activity, smok-
ing, alcohol intake, and dyslipidemia. CVLT, California Verbal
Learning Test; eGFR, estimated glomerular filtration rate; SDMT,
Symbol Digit Modalities Test.

this marker made no substantive impact on results
pertaining to memory (though lower mean CVLT
score with albuminuria became borderline significant
in the fully adjusted model 3; p = 0.069). Likewise,
non-significant differences in processing speed were
unaffected by STW adjustment.

Kidney dysfunction and cognitive function at 12
years

No differences in memory or processing speed at
12 years were identified between individuals with and
without kidney dysfunction at baseline (Fig. 3). In the
subgroup of 3,867 individuals whose eGFR could be
derived from the alternate formulae based on cystatin
C alone and cystatin C/creatinine combined, results
were similar (data not shown).

Sensitivity analyses
No interactions between kidney dysfunction and

the tested covariates on either CVLT or SDMT
scores, were observed. Additional adjustment for the
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presence of depressive symptoms at 12 years showed
no deviation from the above findings. Likewise, mod-
els featuring STW score as an alternate to education
level were consistent with the primary analyses.

Duration of exposure

Of the primary analytic sample (n = 4,128),
3,333 individuals (81%) participated in the interim
(2004/05) CKD screening assessment and had com-
plete data for all model 3 covariates. This in turn
enabled comparisons of cognitive function measured
in 2011/12 between those with versus without albu-
minuria/kidney dysfunction from 1999/00 (12-year
exposure) and from 2004/05 (7-year exposure). Rates
of albuminuria and kidney dysfunction in this sub-
group of n = 3,333 in 1999/00 were 3.3% and 1.0%,
respectively (i.e., similar to the primary analytic sam-
ple). By 2004/05, these rates had increased to 4.0%
and 2.3%. Between-group comparisons of CVLT and
SDMT scores according to each of the 1999/00 and
2004/05 classifications are displayed in Fig. 4.

The lower mean CVLT score of individuals with
albuminuria from 1999/00 was similar to the primary
analysis (n.b. although it was of borderline signifi-
cance [p = 0.068], the magnitude difference was very
similar [i.e., ∼–0.2 units lower]). This difference in
CVLT score did not extend to the shorter exposure
duration based on 2004/05 classification. In turn,
no differences in the between-group comparison of
CVLT score were observed based on kidney dys-
function defined in 1999/00 versus its classification
in 2004/05. Likewise, SDMT differences were not

apparent for albuminuria and kidney dysfunction,
irrespective of exposure duration.

Global cognitive impairment

Neither albuminuria at the 1999/00 baseline, nor
at 5 years (2004/05) significantly predicted cognitive
impairment in the base model adjusted for age, sex,
and education (OR 1.7 [95% CI 0.6 to 4.5], p = 0.29
and OR 1.3 [95% CI 0.5 to 3.4], p = 0.56, respec-
tively). The association of kidney dysfunction with
cognitive impairment could not be investigated due
to too few cases with both conditions (n < 5).

DISCUSSION

In the current study of community-based individu-
als with mostly preserved global cognitive function,
we detected an independent association of albu-
minuria with memory performance at 12 years of
follow-up (CVLT score). However, there was no
apparent association of kidney dysfunction (i.e., low
eGFR) with memory; likewise, neither albuminuria,
nor kidney dysfunction, predicted processing speed
at 12 years (SDMT score). Notably, the associa-
tion of albuminuria with memory persisted following
adjustment not only for the major confounders of
cardiovascular disease, diabetes, and hypertension,
but also for other cardiovascular and lifestyle fac-
tors. That these covariates together mediated only
21% of the effect is compelling for kidney damage
per se predisposing to future memory impairment.
Collectively, our findings advocate albuminuria as a

Fig. 4. Between-group differences in cognitive function according to duration of exposure to albuminuria/kidney dysfunction. Between-
group differences in CVLT and SDMT z-scores measured at the 2011/12 follow-up are shown in parts A and B, respectively. Data are
estimated marginal means with 95% confidence intervals (error bars). Error bars crossing the zero line indicate no significant difference
between individuals with versus without albuminuria/kidney dysfunction (p > 0.05). All data reflect adjustment for model 3 covariates (i.e.,
age, sex, education level, atherosclerotic cardiovascular disease, hypertension, diabetes, body mass index, physical activity, smoking, alcohol
intake, and dyslipidemia; n.b. relevant 1999/00 or 2004/05 values were used for time-varying covariates). CKD, chronic kidney disease;
CVLT, California Verbal Learning Test; eGFR, estimated glomerular filtration rate; SDMT, Symbol Digit Modalities Test.
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potential risk marker or risk factor for future cognitive
impairment that may prove useful in identifying those
higher-risk individuals in whom preventive interven-
tions may be most beneficial.

Implications of CKD markers for memory and
processing speed

Although excess cognitive impairment in
CKD is well-known and—given their shared
pathophysiology—unsurprising, the potential for
CKD to itself be an antecedent of cognitive impair-
ment remains controversial [19]. Our data suggest
that CKD manifesting as albuminuria, but not nec-
essarily as kidney dysfunction, predicts at least one
domain of cognitive function in memory. However,
we hesitate to conclude differential associations
between the two CKD markers given that their
cognitive test scores did not deviate substantively,
and the smaller kidney dysfunction group (n = 39
for eGFR versus n = 142 for albuminuria) obviously
afforded less statistical power. Nevertheless, the
trend toward a larger effect for albuminuria was
suggestive of this marker having stronger predictive
capacity for memory performance. Although it is
intuitive to attribute this finding to albuminuria hav-
ing a stronger basis than eGFR in microangiopathy
(and therefore representing a better surrogate of the
systemic and cerebral microcirculation), this notion
clearly requires evidence beyond the current study.
Albuminuria is also associated with more aggressive
CKD progression than non-albuminuric kidney
dysfunction [20]—the latter phenotype being that
exhibited by the majority of patients in the low eGFR
group (per Fig. 1). Although the pathophysiology
of non-albuminuric CKD remains incompletely
understood, it has been reported to be more closely
associated with aging, hypertension, and vascular
disease [21], key covariates with cognitive function
that we adjusted for in our models. A lack of inde-
pendent predictive capacity of eGFR for cognitive
function in this context may therefore not necessarily
be surprising, even if this notion is contradicted by
the REGARDS study (in which eGFR predicted
cognitive impairment only in individuals in the
lowest category of albumin excretion [6]). In any
case, our findings with respect to eGFR cannot be
assumed to be generalizable to individuals with
albuminuric kidney dysfunction.

An alternative explanation lies with the age differ-
ence between the albuminuria and kidney dysfunction
groups. Notwithstanding statistical adjustment, we

cannot eliminate the prospect that the younger age
of the albuminuria group at baseline (mean 52 years
versus 68 years for kidney dysfunction) contributed
to their larger deficit in memory 12 years later; i.e.,
since younger subsamples may be less likely to be
biased as a result of attrition due to competing risks
(e.g., mortality and incident comorbid disease, which
obviously affect older individuals to a greater degree).
Consistent with this notion, we previously reported
in the AusDiab cohort a stronger association between
glycemic control and 12-year cognitive function in
younger compared with older individuals (i.e.,<60
versus 60 + years) [10].

CKD and cognitive function

The current study aligns with previous work in
some, but not all, aspects. Existent prospective studies
have produced mixed findings, though the majority
have compared cognitive outcomes in groups defined
by eGFR exclusively [2, 19]. Studies incorporat-
ing markers of kidney damage (i.e., albuminuria or
proteinuria) have been more consistent in reporting
associations with cognitive function. Indeed, the Ran-
cho Bernardo Study echoed our own data in reporting
albuminuria, but not kidney dysfunction, as a pre-
dictor of cognitive function measured ∼7 years later
(albeit in men only) [22]. Likewise, proteinuria, but
not kidney dysfunction, was a borderline significant
predictor of incident vascular dementia in the Three-
City (3C) Study [23]. Finally, both albuminuria and
kidney dysfunction were associated with cognitive
impairment at 4 years in REGARDS (though, as men-
tioned above, the predictive capacity of each marker
appeared to depend on the other being normal) [6].

Notwithstanding these comparisons, it is impor-
tant to appreciate several methodological factors that
distinguish our own study. Firstly, as alluded above,
our cohort was ∼1–2 decades younger than those of
Rancho Bernardo, 3C, and REGARDS, and was fol-
lowed for a longer period of time (12 years). Indeed,
to our knowledge, no longitudinal studies have exam-
ined cognitive outcomes past 7 years of follow-up
in CKD. The importance of this was apparent from
our results; i.e., no impairment of memory or pro-
cessing speed was evident for individuals who only
showed evidence of CKD from the interim 2004/05
assessment (i.e., 7 years exposure). Of course, while
this approach has the advantage of characterizing
prolonged exposure effects and minimizing the con-
founding influence of baseline cognitive impairment,
it obviously gives rise to the exclusion of more
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advanced disease (i.e., due to aforementioned com-
peting risks). Indeed, this was apparent from the more
favorable clinical profile of individuals with CKD
included the final analytic sample compared with the
group with CKD at baseline who had to be excluded
(e.g., due to death or study withdrawal before follow-
up cognitive function testing).

The other major novel aspect of our study was in
its outcome measures. Indeed, we are unaware of any
longitudinal studies examining associations between
albuminuria and the specific cognitive domains of
memory and processing speed (though these are obvi-
ously components of tests of global cognition; e.g.,
MMSE). That we identified a deficit in memory, but
not processing speed, in individuals with albuminuria
underscores the value of assessing multiple domains.
However, confirmation that albuminuria has a greater
proclivity to affect memory will require further study
since, at this stage, it is unclear whether the finding
has a genuine mechanistic basis or simply reflects dif-
ferences between the CVLT and SDMT in sensitivity
and reproducibility.

Clinical relevance

Although the memory impairment suggested by
lower CVLT scores in individuals with albuminuria
represents a small-to-medium effect according to sta-
tistical criteria (Cohen’s d), its clinical relevance is
less certain. While it could be considered a form of
mild cognitive impairment, the deficit observed in this
single domain was obviously not sufficient to man-
ifest in cognitive impairment according to the more
commonly applied MMSE-based definition (incorpo-
rating multiple cognitive domains). Indeed, with <5%
of those aged 60 + years showing evidence of cog-
nitive impairment based on the MMSE, ours was
clearly a relatively ‘cognitively healthy’ cohort over-
all (likely reflecting attrition from what was originally
a population-based sample). The prospect that this
may have biased our results toward the null should
certainly be considered (i.e., a stronger effect for
CKD may have been detected with a shift in the dis-
tribution of outcome measures toward less favorable
values).

Even with the relatively small between-group dif-
ference, we can at least be confident that there was
an effect on memory of albuminuria per se; i.e.,
only 21% of the association was contributed by the
major antecedents/consequences of CKD known to
precipitate cognitive decline (i.e., diabetes, hyperten-
sion, and cardiovascular disease) and other relevant

risk/lifestyle factors. In adjusting for the covariates
that we did, we believe our study addresses some of
the potential unmeasured confounding for which pre-
vious studies on this topic have been criticized [19].
Attesting to the importance of this was the apparently
large contribution of covariates to the difference in
processing speed between individuals with and with-
out albuminuria (i.e., 43% from model 1 to model 3).

Relevance to global prevention of dementia

Although some cardiometabolic risk factors for
dementia have demonstrated a decline in prevalence
in recent decades (e.g., smoking and hypertension),
others have failed to improve. The trajectory of CKD,
though stable on a global level, still shows an escala-
tion in certain regions and population subgroups [24].
Even if prevalence growth can be stalled or reversed,
our ever-increasing lifespan will ensure a burgeon-
ing number of cases worldwide for the foreseeable
future. In this context, studies such as ours examin-
ing long-term cognitive outcomes in individuals with
versus without CKD, and the extent to which these
reflect shared cardiometabolic risk factors, are vital in
establishing the importance of CKD relative to other
modifiable determinants of dementia. In this way,
future preventive strategies can be better targeted. The
current study suggests that CKD may indeed predis-
pose to worse cognition in the longer term. Although
further work is needed to translate these findings more
broadly, the implication is that CKD has the poten-
tial to be a salient contributor to dementia at a global
level.

Study limitations

Cognitive tests were not included in the first wave
of testing of the AusDiab cohort. This limitation was
mitigated to some extent by the relatively long 12-
year follow-up period. Definitions of exposures were
based on once-only screening tests, whereas CKD
diagnosis usually requires persistence of abnormal
ACR and/or low eGFR for at least 3 months [25].
Finally, the battery of cognitive function tests was
relatively restricted in encompassing the domains
of memory and processing speed only (i.e., beyond
global and premorbid function indicated by MMSE
and STW, respectively). Future studies would be
well-served by the inclusion of tests of other domains
known to be affected by cardiometabolic disease (par-
ticularly executive function).
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CONCLUSIONS

Individuals with albuminuria are predisposed to
worse memory and processing speed at 12 years
of follow-up, though only the former appears to
be independent of concurrent cardiometabolic dis-
ease and other shared risk factors. Such predictive
capacity did not extend to kidney dysfunction
(i.e., eGFR <60 ml/min/1.73 m2). Given the clinical
context of this cognitively healthy cohort, albu-
minuria over a prolonged period at least appears
to be an antecedent of a subclinical decline in
memory. On this basis, the utility of albuminuria
and other CKD indicators for identifying individ-
uals at risk of future cognitive impairment and
dementia—particularly relative to other novel and
established risk markers—deserves further study.
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