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Abstract

Background: Cognitive decline is common in older adults. Similarly, the prevalence of renal dysfunction is also
increased in the elderly population. We conducted this study to clarify the relationship between renal dysfunction
and decline of cognitive function in community-dwelling elderly population.

Methods: A cross-sectional analysis was performed using data from the Korean Frailty and Aging Cohort Study, a
nationwide cohort study. Total 2847 (1333 men, 1514 women) eligible participants were enrolled for this study. The
estimated glomerular filtration rate (eGFR, mL/min/1 73m?) was calculated using the Chronic Kidney Disease
Epidemiology Collaboration equation. Global cognitive function was assessed with the Mini-mental State
Examination-Korean version. Other domains of cognitive function were tested with the Consortium to Establish a
Registry for Alzheimer's disease and the Frontal Assessment Battery.

Results: The mean age of all participants was 76.0 + 3.9 years and eGFR (all in mL/min/1.73 m?) was 77.5 + 14.3. And
the mean eGFR was 91.7 £ 3.2 in quartile 1, 849+ 1.8 in quartile 2, 76.1 £ 3.7 in quartile 3, and 57.2 £ 10.8 in quartile
4. In baseline characteristics, participants with lower eGFR tend to have lower cognitive function scores than
participant with higher eGFR. In linear regression analysis, eGFR was correlated with the word list memory (3 =0.53,
P=0.005), word list recall (3 =10.86, P <0.001), and word list recognition (3 =043, P=0.030) after adjustment of
confounding variables. Moreover, after multivariate adjustment the association with cognitive impairment in quartile
2 was stronger (adjusted OR: 1.535, 95% Cl: 1.111-2.120, P=0.009), and the ORs of cognitive impairment were 1.501
(95% Cl: 1.084-2.079, P=0.014) in quartile 3 and 1.423 (95% Cl: 1.022-1.983, P=0.037) in quartile 4.

Conclusion: In older adults, the immediate, recent memory, and recognition domains were significantly related to
renal function. Also, the mild renal dysfunction was independently associated with impairment of global cognitive
function. These results suggest that the early stages of renal dysfunction could be an effective target to prevent
worsening of cognitive impairment. Therefore, regular monitoring and early detection of mild renal dysfunction in
elderly population might be needed.

Keywords: Cognitive function, Cohort study, Older adults, Renal function

* Correspondence: khjeong@khu.ac.kr

fJi Yoon Kong and Jin Sug Kim contributed equally to this work.
“Division of Nephrology, Department of Internal Medicine, College of
Medicine, Kyung Hee University, Seoul, Republic of Korea

Full list of author information is available at the end of the article

© The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if

changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.


http://crossmark.crossref.org/dialog/?doi=10.1186/s12877-020-01862-8&domain=pdf
http://orcid.org/0000-0003-1492-8021
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:khjeong@khu.ac.kr

Kong et al. BMC Geriatrics (2020) 20:462

Background

Renal dysfunction is common in older adults and
strongly related to the risk of cardiovascular and cere-
brovascular diseases [1, 2]. Further, the prevalence of
cognitive impairment and dementia, which can increase
the social and economic burden and reduce the quality
of life, is higher in the elderly population [3, 4].

To date, many cross-sectional or longitudinal studies
have been performed to determine the relationship
between renal function and cognitive function. Patients
with chronic kidney disease (CKD) and end-stage renal
disease (ESRD) on hemodialysis have a high risk of cog-
nitive impairment [5, 6]. Moreover, among patients with
estimated glomerular filtration rate (eGFR) less than 60
mL/min/1.73m? those with lower eGFR have a higher
risk of cognitive impairment [7]. In recent meta-analysis
studies, CKD was determined to be an independent
somatic risk factor for the development of cognitive
decline [8], and cognitive changes were found to occur
early in CKD with respect to the orientation-attention
and language domains [9]. Moreover, in prior studies of
the elderly populations, CKD was found to increase the
incidence of cognitive impairment and vascular demen-
tia [10-15]. And cognitive decline was also found to be
more rapid in patients with CKD [16].

Most of the previous studies have focused on patients
with moderate to severe renal dysfunction including
ESRD, whereas few studies have focused on patients
with mild renal dysfunction, which takes more than half
percentage of all-stage CKD patients [17]. The global
prevalence of all-stage CKD, showed differences by lit-
erature, was estimated as 8.5-9.8% and 697.5 million
cases were reported worldwide [18—20]. Moreover, the
mild renal dysfunction in CKD stage 1 and 2, was
accounted for 5.0%. Likewise, in Korea, the estimated
prevalence of all-stage CKD was 8.2%, and about 5.7%
was included in stage 1 and 2 [21]. Further, it remains
unclear whether renal function is associated with func-
tion of different cognitive domains in the community-
dwelling older adult population.

The Korean Frailty and Aging Cohort Study (KFACS)
is a multicenter, longitudinal study that began in 2016.
The participants were community-dwelling older adults
aged 70-84 years who were recruited from urban and
rural regions across Korea. Other details of the KFACS
have been previously described [22, 23]. Recently, KFAC
S data have demonstrated the relationship between cog-
nitive function and calf circumference, sarcopenia, or
calorie intake [24—26].

In this study, we attempted to investigate the relation-
ship between renal dysfunction and cognitive decline,
and which cognitive function domains are significantly
related to renal function in community-dwelling older
adults enrolled in KFACS.
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Methods

Study population and design

This cross-sectional analysis was based on data from the
KFACS. Of the 3014 participants who were enrolled in
the KFACS during the first and second years (2016—
2017), those without demographic information or base-
line laboratory data (7 =6) and those who had cerebro-
vascular disease or dementia in their medical history
(n=161) were excluded. A total of 2847 participants
(1333 men and 1514 women) were enrolled as the final
analysis sample. All study procedures complied with the
ethical guidelines of the 1975 Declaration of Helsinki, as
revised in 2000.

The KFACS protocol was approved by the Institutional
Review Boards (IRBs) of the Clinical Research Ethics
Committee of each center, and the approval number
from Kyung Hee University Medical Center, the coord-
inating center, was 2015—12-103. Written informed con-
sents were obtained from all participants or their legal
guardians after providing them with sufficient explan-
ation. This study was exempt from review by the IRB of
Kyung Hee University Medical Center (IRB number:
2019-09-047).

Cognitive function test

To evaluate global cognitive function, we used the Mini-
mental State Examination-Korean version (MMSE),
which is a screening tool for cognitive decline. Global
cognitive impairment was defined as a score of >1.5
standard deviation (SD) below the mean of the age-,
sex-, and education level-matched Korean norms on
MMSE (Supplementary Table 1) [27]. We also con-
ducted neuropsychological tests included in the
Consortium to Establish a Registry for Alzheimer’s
Disease-Korean version (CERAD) assessment battery
[28] and Frontal Assessment Battery (FAB) [29]. The
CERAD neuropsychological assessment battery is a com-
prehensive cognitive function assessment tool and con-
sists of eight tests (verbal fluency, Boston naming test,
MMSE, word list memory, constructional praxis, word
list recall, word list recognition, and constructional
praxis recall). In this study, we used the word list mem-
ory, word list recall, and word list recognition tests for
the immediate, recent memory, and recognition function
domains. Digit span forward and digit span backward
were used to test the attention-concentration and work-
ing memory domains, and the Trail Making Test (TMT)
A was used for assessing the processing speed. Further,
the FAB was used to test the executive function domain.

Other variables and definitions

Baseline variables including age; sex; education level;
smoking and alcohol consumption; Geriatric Depression
Scale-Korean version (GDS) with 15 items [30]; and
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underlying medical problems such as hypertension, dia-
betes mellitus, dyslipidemia, and coronary artery disease
were investigated. Body mass index (BMI) was calculated
as weight divided by the square of height (kg/m?).
Appendicular skeletal muscle mass (ASM) was measured
using DEXA (Hologic DEXA; Hologic Inc., Bedford,
MA, USA, and Lunar; GE Healthcare, Madison, WI,
USA). ASM index was calculated as the sum of the lean
mass from both arms and legs (kg) divided by the square
of height (m?). Further, eGFR (mL/min/1.73m?) was
calculated using the CKD Epidemiology Collaboration
equation [31]. Proteinuria was defined as a score of >1+
on a dipstick test in a random urine sample.

Statistical analysis

Continuous variables are presented as mean + SD values,
and categorical data are reported as frequencies and per-
centages. Analysis of variance was used for normally dis-
tributed continuous data, the Kruskal-Wallis test was
used for non-normally distributed continuous data, with
Bonferroni post hoc analysis. Chi-squared test was used
for categorical data. Spearman’s analyses were used to
evaluate the correlation between eGFR and neuro-
psychological tests. The correlations between zero-score
standardized neuropsychological function tests and rele-
vant variables were investigated by linear regression ana-
lyses, and sex-stratified analysis was also performed. In
multivariate models included significantly associated pa-
rameters according to their weight in univariate analysis.
Further, the relationship between eGFR and global cog-
nitive impairment was investigated using logistic regres-
sion analysis, and the possible confounders including
smoking history, alcohol consumption, BMI, GDS, albu-
min, low-density lipoprotein, hemoglobin, proteinuria,
and ASM index were used for adjustment. Log-
transformed values of eGFR were used in linear regres-
sion, and quartiles of eGFR were used in logistic regres-
sion analysis because of a skewed distribution.
Unadjusted and adjusted odds ratios (ORs) with 95%
confidence intervals (CIs) were obtained, and a P value
of <0.05 was considered statistically significant. All stat-
istical analyses were performed using SPSS software
version 20.0 (SPSS Inc., Chicago, IL, USA).

Results

Study population characteristics

The baseline characteristics of all participants in this
study are shown in Table 1. The mean age was
76.0 £ 3.9 years and 1333 (46.8%) were men. The
mean eGFR (all in mL/min/1.73 m?) was 77.5 + 14.3
and the mean education duration was 8.4 + 5.1 years.
Of the participants, 1637 (57.5%) had hypertension,
614 (21.6%) had diabetes mellitus, and 222 (8.0%)
had coronary artery disease.
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The distribution of participants in each eGFR quartile
are also shown in Table 1. The mean eGFR was 91.7 +
3.2 in quartile 1, 849+ 1.8 in quartile 2, 76.1+3.7 in
quartile 3, and 57.2 £ 10.8 in quartile 4. Participants with
lower renal function were older and included more men.
They also had higher muscle mass; higher level of trigly-
ceride and high-sensitivity C-reactive protein (hsCRP);
lower levels of low-density lipoprotein cholesterol; and
higher proportions of patients with hypertension, dia-
betes mellitus, coronary artery disease, and proteinuria.

The baseline characteristics in terms of cognitive func-
tion are shown in Table 2. Generally, participants with
lower eGFR had lower cognitive function scores than
participant with higher eGFR in MMSE, word list mem-
ory, word list recall, and word list recognition. Higher
test scores indicate higher cognitive function, except for
TMT A in which lower scores are better.

Association between renal function and cognitive
function domains

The association between neuropsychological function
tests and eGFR were investigated using Spearman’s cor-
relation analyses (Table 3). The result showed positive
correlation between eGFR and MMSE, word list mem-
ory, word list recall, and word list recognition; and nega-
tive correlation between eGFR and TMT A. Linear
regression analysis was performed for word list memory,
word list recall, and word list recognition (Tables 4, 5
and 6), which showed statistically significant correlation
with eGFR and also significant differences between eGFR
quartiles (Table 2).

In simple linear regression analysis, word list memory
score was positively correlated with log eGFR (f =1.31,
P <0.001), education level, alcohol consumption, BMI,
albumin, plasma sodium level, and hemoglobin concen-
tration; and negatively correlated with age, male sex,
smoking, GDS score, hsCRP, and proteinuria. After
multiple linear regression analysis, word list memory
score was found to correlate significantly with log eGFR
(B =0.53, P=0.005) (Table 4).

In word list recall, log eGFR ( = 1.47, P <0.001), edu-
cation level, alcohol consumption, BMI, albumin,
plasma sodium level, and hemoglobin concentration
showed positive correlation; and age, GDS score,
hsCRP, and proteinuria showed negative correlation.
After adjustment of relevant parameters, the positive
correlation between word list recall score and log eGFR
(p=0.86, P<0.001) remained significant (Table 5).

Table 6 shows the linear regression analyses of word
list recognition. In simple linear regression, word list
recognition score was positively correlated with log
eGFR ($=0.87, P<0.001), education level, BMI, and
hemoglobin concentration; and negatively correlated
with age, GDS score, hsCRP, and proteinuria. After
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Table 1 Demographic baseline characteristics of the study group according to renal function
Overall Quartile 1 Quartile 2 Quartile 3 Quartile 4 P
(N=2847) (n=711) (n=712) (n=712) (n=712)
eGFR, mL/min/1.73 m’ 775+143 917432 84.9+ 18 761 £3.7°° 57.2+108°P¢ <0001
Demographic characteristics
Age, years 760+39 73.7£3.1 762+ 367 76.7 + 4.0%° 774 +38%0¢ <0.001
Men, n (%) 1333 (46.8) 262 (36.8) 318 (44.7)° 361 (50.7)° 392 (55.1)*° <0.001
Education, years 84+£5.1 80+48 82+50 88+5.1° 87 +54° 0.005
Smoking, n (%) 182 (64) 34 (4.8 52 (73) 44 (6.2) 52 (73) 0.164
Alcohol consumption, n (%) 1416 (49.7) 360 (50.6) 363 (51.0) 364 (51.1) 367 (51.5) 0.717
Medical history
Hypertension, n (%) 1637 (57.5) 335 (47.2) 379 (53.2) 430 (604)*° 493 (69.2)>0< <0.001
Diabetes mellitus, n (%) 614 (21.6) 135 (19.0) 135 (19.0) 138 (194) 206 (29.0)%°¢ <0.001
Dyslipidemia, n (%) 898 (31.9) 225 (32.1) 218 (30.8) 217 (31.0) 238 (33.7) 0.629
Coronary artery disease, n (%) 222 (8.0) 35 (5.0) 54 (7.7) 54 (7.7) 79 (11.2)° <0.001
Clinical results
BMI, kg/m? 244431 241430 243429 243430 248+32%P 0.001
ASM index, kg/m2 66+ 1.1 64+1.1 66+1.1 66+1.2° 6.7+12% <0.001
SBP, mmHg 131.1+157 1305+ 154 131.2+153 1314+159 1313+ 16.1 0.703
DBP, mmHg 774£93 780+£9.1 774£9.1 775+£94 76.8£9.8 0.137
GDS score 32+37 31£36 33+£37 29+35 35+£38 0.061
Laboratory results
Albumin, g/dL 42+04 416+04 417+04 424+04 420+04 0.001
Creatinine, mg/dL 08+03 06+0.1 0.7 +0.1%¢ 09+0.1%° 1.2+04%0¢ <0.001
Triglyceride, mg/dL 121.8+609 114.7 £54.1 1155+£555 1233 +£658 1335 +65.7%°¢ <0.001
HDL-C, mg/dL 524+£139 544+140 534+136 523+138° 495 +139%P¢ <0.001
LDL-C, mg/dL 1085+333 111.2+313 109.1+339 1088 +33.7 104.9 +33.9° 0.004
Sodium, mmol/L 1413+24 1411 +22 1414+23 1415+27 1410+ 24°¢ 0.003
HbA1c, % 6.10+0.83 6.02 +0.792 6.02+0.762 6.01 +0.834 6.19+0.9097°¢ <0.001
Hemoglobin, g/dL 134+14 134+13 135+14 13614 132+16°¢ <0.001
hsCRP, mg/dL 15+26 13+22 15+28 1.5+25 18+29%0¢ <0.001
Proteinuria, n (%) 84 (3.0) 7 (8.3) 8 (9.5) 17 (20.2) 52 (61.9)*P< <0.001

ASM appendicular skeletal muscle mass, BMI body mass index, DBP diastolic blood pressure, eGFR estimated glomerular filtration rate, GDS Geriatric Depression
Scale-Korean version, HbATc glycated hemoglobin, HDL-C high-density lipoprotein, hsCRP high-sensitivity C-reactive protein, LDL-C low-density lipoprotein, SBP

systolic blood pressure
2p < 0.05 vs. quartile 1
Bp < 0.05 vs. quartile 2
p < 0.05 vs. quartile 3

adjustment of confounding variables, the positive correl-
ation between word list recognition score and log eGFR
(p=0.43, P =0.030) remained significant.

Sex-stratified linear regression analysis of word list
memory and word list recall showed significant associ-
ation with log eGFR in women. Word list memory was
positively correlated with log eGFR (B =0.75, P =0.005)
(Supplementary Table 2), and word list recall was also
positively correlated with log eGFR (B =0.87, P =0.002)
(Supplementary Table 3). However, in men, word list
memory (=0.25, P=0.324) and word list recall (=
0.51, P=0.051) showed positive correlations with eGFR

which were not statistically significant (Supplementary
Tables 4 and 5). In word list recognition, sex-stratified
analysis did not show statistically significant association
with log eGFR in both men and women (table not
shown).

Association between renal function and cognitive
impairment

Spearman’s correlation analyses showed positive correl-
ation between eGFR and MMSE (Table 3). However, the
association between MMSE and eGFR was not linear
(Supplementary Table 6). Table 7 shows the association



Kong et al. BMC Geriatrics (2020) 20:462

Page 5 of 10

Table 2 Cognitive baseline characteristics of the study group according to renal function

Overall Quartile 1 Quartile 2 Quartile 3 Quartile 4 P

(N=2847) (n=711) (n=712) (n=712) (n=712)
MMSE 255+33 258+32 253 +34° 256+33 254 +35° 0.013
Word list memory 166 £ 4.3 176 £ 43 167 + 447 164 + 4.2° 159 + 43%° <0.001
Word list recall 55+21 59+20 56 +2.1° 54 +21° 51 +2.1% <0.001
Word list recognition 86+ 19 88+ 18 86+ 19 85+£19 83+ 20° <0.001
Digit span forward 6626 6.6+ 26 65+ 27 66+ 26 6.5+ 2.7 0461
Digit span backward 40+18 41+18 39+18 41+18 40+ 18 0.133
TMT A, sec 843 + 639 799+ 572 854 £ 639 838 + 67.1 88.1 £ 66.6 0.060
FAB (range: 0-18) 134 £ 31 135+30 133£31 136 £ 29 133 +33 0.104

MMSE Mini-mental State Examination-Korean version, TMT A Trail Making Test A, FAB Frontal Assessment Battery

ap < 0.05 vs. quartile 1
bp < 0.05 vs. quartile 2
p < 0.05 vs. quartile 3

between eGFR quartiles and global cognitive impair-
ment. In the crude model, the association with global
cognitive impairment was found in quartile 2 (un-
adjusted OR: 1.547, 95% CI: 1.130-2.118, P = 0.006) than
in quartile 1. The ORs of global cognitive impairment
were 1.484 (95% CI: 1.082-2.035, P = 0.014) in quartile 3
and 1.465 (95% CI: 1.067-2.010, P =0.018) in quartile 4
compared with quartile 1. After controlling for potential
confounding variables, the association with global cogni-
tive impairment in quartile 2 was stronger (adjusted OR:
1.535, 95% CI: 1.111-2.120, P =0.009). Moreover, the
ORs of global cognitive impairment were 1.501 (95% CI:
1.084-2.079, P =0.014) in quartile 3 and 1.423 (95% CL:
1.022-1.983, P = 0.037) in quartile 4.

Discussion

In this cross-sectional study, we showed the association
between renal function and neurocognitive function in
older adults. The main results were as follows: (1) the
immediate, recent memory, and recognition function
domains were independently associated with eGFR, (2)
particularly in women, the memory domains were sig-
nificantly associated with eGFR, and (3) mild decline of

Table 3 Univariable Spearman’s correlation coefficients
eGFR, mL/min/1.73m?

rho P
MMSE 0.041 0.030
Word list memory 0.141 <0.001
Word list recall 0.150 <0.001
Word list recognition 0.092 <0.001
Digit span forward 0.026 0.160
Digit span backward 0.019 0.321
T™MT A —-0.040 0.034
FAB 0.011 0.564

MMSE Mini-mental State Examination-Korean version, TMT A Trail Making Test
A, FAB Frontal Assessment Battery

renal function was also strongly associated with global
cognitive impairment.

Previous studies have identified the association
between renal function and many domains of cognitive
function, but they have presented various results. In
post-menopausal women, CKD was reported to increase
the risk of dysfunction in the global cognition, executive
function, language and memory domains [5]. Moreover,
in a study in Japanese elderly people, lower levels of
eGFR were independently associated with lower cogni-
tive performance in attention and processing speed [10].
In this study, immediate, recent memory, and recogni-
tion function domains were associated with renal func-
tion in the general elderly population. Further, the
immediate and recent memory domains, showed strong
association with renal function mainly in women.
Among the previous studies that evaluated the associ-
ation between renal dysfunction and cognitive decline,
sex differences were observed in some studies. Mild
renal dysfunction has found to be associated with faster
cognitive decline in women [32]. Jassal et al. showed
albuminuria is associated with greater decline of cogni-
tive function in older adults, particularly in men [33].
However, to our knowledge, the reasons of sex differ-
ences in the association between renal dysfunction and
cognitive function have not been studied previously.
Thus, further investigation might be needed to elucidate
the mechanism of sex differences of cognitive decline in
patients with renal dysfunction.

Furthermore, these memory domains shared common
independent determinants including, eGFR, age, educa-
tion level, BMI, and GDS. Which means, memory
domains can be affected by not only eGFR, but also edu-
cational level, emotional and nutritional status, which
had been demonstrated before as a risk factor of cogni-
tive dysfunction [25, 28, 34, 35]. Soysal et al. showed that
the geriatric ESRD patients had lower cognitive function,
and it might be affected not only their renal dysfunction,
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Table 4 Simple and multiple linear regression analyses of word list memory score

Simple Multiple

estimate 95% CI P estimate 95% Cl P
log eGFR 131 094, 167 <0.001 053 0.16, 0.90 0.005
Age, years -0.08 —-0.09, -007 <0.001 -0.06 -0.07,-005 <0.001
Men, n (%) —-0.10 -0.17,-002 0.010 -030 —-039,-0.21 <0.001
Education, years 0.06 0.06, 0.07 <0.001 0.06 0.05, 0.07 <0.001
Smoking, n (%) -0.26 -041,-0.10 0.001 -0.07 -0.22,0.07 0.334
Alcohol consumption, n (%) 0.08 0.00, 0.15 0.040 0.02 —-0.05, 0.09 0.570
BMI, kg/m2 0.02 0.01, 0.04 <0.001 0.02 0.01,0.03 0.002
GDS score -0.05 -0.06, -0.04 <0.001 -0.02 -0.03, -001 <0.001
Albumin, g/dL 041 0.26, 0.55 <0.001 0.17 003,030 0.015
LDL-C, mg/dL 0.00 0.00, 0.00 0.939 NS
Sodium, mmol/L 0.03 0.01, 0.04 <0.001 0.01 0.00, 0.03 0.089
HbA1c, % 0.00 —-0.05, 0.05 0972 NS
Hemoglobin, g/dL 0.04 0.02, 007 0.001 001 —-0.02, 0.04 0.552
hsCRP, mg/dL -0.02 -0.03, - 0.01 0.004 0.00 -0.01, 0.02 0676
ASM index, kg/m? —0.01 —0.04, 0.02 0.530 NS
Proteinuria, n (%) -0.28 —-050, -007 0.010 -0.08 —-0.28,0.12 0455

ASM appendicular skeletal muscle mass, BMI body mass index, eGFR estimated glomerular filtration rate, GDS Geriatric Depression Scale-Korean version, HbATc
glycated hemoglobin, hsCRP high-sensitivity C-reactive protein, LDL-C low-density lipoprotein cholesterol

Table 5 Simple and multiple linear regression analyses of word list recall scores

Simple Multiple

estimate 95% CI P estimate 95% Cl P
log eGFR 147 1.11,1.84 < 0.001 0.86 049,123 <0.001
Age, years —-0.08 —-0.08,-007 <0.001 -0.06 —-0.07,-0.05 <0.001
Men, n (%) 0.01 -0.07, 0.08 0.877 NS
Education, years 0.05 0.05, 0.06 <0.001 0.04 0.04, 0.05 <0.001
Smoking, n (%) -0.12 —-0.28,004 0.133 NS
Alcohol consumption, n (%) 0.16 0.08, 0.23 <0.001 0.06 -0.01, 0.13 0.106
BMI, kg/m? 0.02 0.01, 0.03 <0.001 0.02 0.01,0.03 <0.001
GDS score -0.05 -0.06, -0.04 <0.001 -0.02 -0.03, -001 <0.001
Albumin, g/dL 033 0.19, 048 <0.001 0.13 0.00, 0.27 0.057
LDL-C, mg/dL 0.00 0.00, 0.00 0.116 NS
Sodium, mmol/L 0.02 0.01, 0.04 0.008 0.01 0.00, 0.03 0.045
HbA1c, % -0.03 —0.08, 0.01 0.144 NS
Hemoglobin, g/dL 0.06 0.03, 0.09 <0.001 -0.02 -0.04, 0.01 0250
hsCRP, mg/dL -0.02 —-0.03, 0.00 0.021 0.00 -0.01, 0.02 0.664
ASM index, l<g/m2 0.02 —-0.01, 0.05 0.201 NS
Proteinuria, n (%) -0.38 -059,-0.16 <0.001 -0.20 — 040, 0.01 0.061

ASM appendicular skeletal muscle mass, BMI body mass index, eGFR estimated glomerular filtration rate, GDS Geriatric Depression Scale-Korean version, HbATc
glycated hemoglobin, hsCRP high-sensitivity C-reactive protein, LDL-C low-density lipoprotein cholesterol
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Table 6 Simple and multiple linear regression analyses of word list recognition scores

Simple Multiple

estimate 95% CI P estimate 95% Cl P
log eGFR 0.87 051,124 <0.001 043 0.04,0.82 0.030
Age, years -0.05 —0.05, - 0.04 <0.001 -0.03 -0.04, -0.02 <0.001
Men, n (%) 0.02 —0.06, 0.09 0.635 NS
Education, years 0.03 0.02, 0.04 <0.001 0.03 0.02,0.03 <0.001
Smoking, n (%) -0.11 -0.27, 0.05 0.169 NS
Alcohol consumption, n (%) 0.06 —-0.01, 0.14 0.087 0.00 —0.07, 0.08 0.968
BMI, kg/m2 0.01 0.00, 0.03 0.022 0.01 0.00, 0.03 0.026
GDS score -0.03 -0.04, —=0.02 <0.001 -0.01 -0.02, = 0.00 0.114
Albumin, g/dL 0.12 —-0.02, 0.26 0.105 NS
LDL-C, mg/dL 0.00 0.00, 0.00 0.605 NS
Sodium, mmol/L 0.01 0.00, 0.03 0.056 0.01 0.00, 0.03 0.157
HbA1c, % 0.00 —0.05, 0.04 0.926 NS
Hemoglobin, g/dL 0.04 0.01, 007 0.002 0.00 -0.03, 0.03 0970
hsCRP, mg/dL -0.02 —-0.03, 0.00 0.013 -0.01 -0.02, 001 0.326
ASM index, kg/m? 0.02 -001, 0.05 0.230 NS
Proteinuria, n (%) -033 —0.55,-0.11 0.003 -0.23 —-045,-0.02 0.035

ASM appendicular skeletal muscle mass, BMI body mass index, eGFR estimated glomerular filtration rate, GDS Geriatric Depression Scale-Korean version, HbATc
glycated hemoglobin, hsCRP high-sensitivity C-reactive protein, LDL-C low-density lipoprotein cholesterol

but also complex geriatric conditions [36]. However,
after adjustment of these confounding factors, memory
domains showed independent association with eGFR. By
comparison with the memory domains, recognition
function showed no differences between men and
women, and less affected by emotional status.

Moderate to severe renal dysfunction has been recog-
nized as a risk factor of cognitive decline. However, we
showed mild decline of renal function was also associ-
ated with global cognitive impairment. There might be
several mechanisms that explain the association between
mild renal dysfunction and global cognitive impairment.
One possible explanation is a vascular mechanism in-
cluding endothelial dysfunction [37-39]. In former
studies, minor renal dysfunction has been established
as an independent risk factor for cardiovascular disease
[40, 41]. Similar vascular risk factors were reported to

affect both the cardiovascular and cerebrovascular sys-
tems, and many of them overlapped with risk factors
for kidney disease, including smoking, diabetes mellitus,
and hypertension [13, 14, 42—44].

This study had several strengths. First, this study
was performed with a large cohort comprised of
community-dwelling  participants nationwide, not
clinic-based participants. Thereby, the results of this
study could possibly be applied to the general elderly
population. Second, cognitive function was assessed
using not only MMSE but also CERAD and FAB,
thus allowing us to investigate the comprehensive
cognitive function. Furthermore, we defined global
cognitive impairment as a score of >1.5 SD below
the mean of MMSE with consideration of age, sex,
and education level, which enabled us to more
precisely grade the cognitive function of the

Table 7 Logistic regression analysis of the association between estimated glomerular filtration rate quartiles and global cognitive

impairment
Variable No. of Unadjusted Adjusted?

%iems OR (95% CI) P OR (95% CI) P
Quartile 1 77 (10.8) 1.00 1.00
Quartile 2 113 (15.9) 1.547 (1.130-2.118) 0.006 1.535 (1.111-2.120) 0.009
Quartile 3 108 (15.2) 1484 (1.082-2.035) 0.014 1.501 (1.084-2.079) 0014
Quartile 4 106 (14.9) 1465 (1.067-2.010) 0.018 1423 (1.022-1.983) 0.037

#Adjusted for smoking, alcohol consumption, body mass index, Geriatric Depression Scale-Korean version score, albumin, low-density lipoprotein cholesterol,

hemoglobin, proteinuria, and appendicular muscle mass index
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participants [27]. Third, in the elderly population,
cognitive function decline is affected not only by
aging but also by general medical condition, muscle
strength, nutritional status, and emotional status [10,
24-26]. Therefore, it is necessary to determine if the
relationship between renal dysfunction and cognitive
decline still exists after adjustment for these con-
founding factors. We considered various laboratory
data and medical histories, including proteinuria,
muscle mass and emotional status of older adults
based on GDS scores, which are known confounding
factors.

However, this study also had several limitations. First,
we performed only one measurement of serum creatin-
ine and calculated the eGFR, using CKD-EPI equation.
Thus, overestimation or underestimation of renal func-
tion and misclassification could exist. Also, as the ori-
ginal CKD-EPI equation was developed and validated
based on large population composed of Caucasians and
African-Americans, and relatively few participants were
Asian [31], validation of the equation estimating GFR
might be needed. In Korea, the original CKD-EPI equa-
tion was valid for Korean population [45]. Moreover, the
Korean Society of Nephrology recommends using the
original CKD-EPI equations without ethnic adjustment
for estimating GFR [46]. But clear conclusion about this
ethnic coefficient in Korean may need further investiga-
tion. Second, because we used a community-based
cohort, the renal function of the participants was not
evenly distributed. The proportion of participants with
severe renal dysfunction was relatively low, with
12.6% (n =360) with baseline eGFR < 60 mL/min/1.73
m? and 0.8% (1 =25) with eGFR < 30 mL/min/1.73 m>
(Supplementary Table 7). This may be explained by
the fact that the study sample was composed of
volunteers who may have higher cognitive function or
may be in better general condition. Thus, we had to
divide the study population with eGFR quartiles, not
by CKD stages. Also, a potential underestimation of
cognitive impairment in this category might be
present, and we could not show a dose-dependent
relationship between renal dysfunction and global
cognitive impairment. Third, this study was cross-
sectional, which did not allow for us to determine
causal associations between renal dysfunction and
cognitive impairment. Fourth, in elderly population,
CKD increases the chance of taking multiple medica-
tions, electrolytes imbalances, and infections. More-
over, it might increase the risk of delirium, which
could affect the cognitive function temporarily. How-
ever, our data had limited information about delirium
of the participants, the effect of delirium on cognitive
function in older adults could not be considered.
Finally, we used observational data, and even though
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most of the important confounders were identified
and included, unchecked confounders might exist.

Conclusions

In summary, in the general elderly population, the
immediate, recent memory, and recognition domains
were significantly related to renal function, and even a
mild decline of renal function was independently associ-
ated with global cognitive impairment. These results
suggest that the early stages of renal dysfunction could
be an effective target to prevent worsening of cognitive
impairment. Therefore, regular monitoring and early de-
tection of mild renal dysfunction in elderly population
might be needed. Further longitudinal studies are
needed to ascertain the underlying mechanisms and
causal relationships between renal function and cogni-
tive function in older adults.
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