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ABSTRACT

Introduction: The prevalence of chro-
nic kidney disease (CKD) is increasing,
with a potential impact in the risk of
acceleration of dementia. The potential
association between glomerular filtra-
tion rate (eGFR) and cognitive perfor-
mance was scarcely studied. The aim
of this study was to evaluate cogniti-
ve performance levels across different
degrees of kidney function. Methods:
We analyzed 240 outpatients in a ne-
phrology service, classified according to
eGFR: Advanced (< 30ml/min/1.73m?),
Moderate (30,1ml/min/1.73m? to <
60ml/min/1.73m?), and Mild CKD (>
60ml/min/1.73m?). Word list memory,
Semantic fluency, Mental State Mini
Exam and Trail Making Test (TMT)
were applied to evaluate cognitive per-
formance. In the TMT, lower scores are
associated with better cognition. In li-
near regression, cognitive function was
considered as dependent variables while
groups based on eGFR were considered
explanatory variables. The group with
eGFR > 60ml/min was the reference and
models were adjusted for confounding
factors. Results: In our population (n
= 240) 64 patients (26.7%) were clas-
sified as having advanced, 98(40,8%)
moderate, and 78(32,5%) mild. The-
re was no statistical difference among
them in MMSE or in the verbal fluency
test. However, comparing to mild, pa-
tients with advanced CKD presented
significantly worse cognitive perfor-
mance measured by TMTA [50,8s =
31.1s versus 66,6s = 35,7s (p = 0.016)]
and TMTB [92,7s = 46,2s versus 162,4s
= 35,7s (p < 0.001)]. Significantly lower
TMTB scores (CI95%) 33,0s (4,5-
61,6s) were observed in patients with
mild compared to advanced CKD in the
multivariate analysis adjusting for age,
education, sex, diabetes, and alcohol

Resumo

Introducao: A elevagdo da prevaléncia de
doenca renal cronica (DRC) traz consigo
um impacto potencial sobre o risco de acel-
eragdo da deméncia. A possivel associagdo
entre taxa de filtracdo glomerular (TFGe) e
desempenho cognitivo foi pouco estudada.
O objetivo do presente estudo foi avaliar
os niveis de desempenho cognitivo em in-
dividuos com diferentes graus de fungio
renal. Métodos: Foram analisados 240
pacientes ambulatoriais atendidos em um
servico de nefrologia classificados segundo
a TFGe em grupos com DRC avangada
(£ 30ml/min/1,73m?), moderada (30,1ml/
min/1,73m? a < 60ml/min/1,73m?) ou leve
(> 60ml/min/1,73m?). Testes de memoria
por listas de palavras, fluéncia semantica, o
mini exame do estado mental e o teste das
trilhas (TT) foram aplicados para avaliar
o desempenho cognitivo. No TT, escores
mais baixos representam melhor cognicio.
Na regressao linear, funcdo cognitiva foi
considerada como varidvel dependente, en-
quanto os grupos baseados na TFGe foram
considerados como varidveis explicativas. O
grupo com TFGe > 60ml/min foi utilizado
como referéncia e os modelos foram ajusta-
dos para fatores de confusio. Resultados:
Em nossa populagdo (n = 240), 64 pacientes
(26,7%) foram diagnosticados com DRC
avancada, 98 (40,8%) com DRC moderada
e 78 (32,5%) com DRC leve. Nio houve
diferenca estatistica entre eles no MEEM ou
no teste de fluéncia verbal. Contudo, em re-
lagdo aos individuos com DRC leve, os paci-
entes com DRC avangada apresentaram de-
sempenho cognitivo significativamente pior
medido pelo TT A [50,8s = 31,1s x 66,65 +
35,7 (p = 0,016)] e TT B [92,7s + 46,25 x
162,4s = 35,7s (p < 0,001)]. Escores signifi-
cativamente mais baixos no TT B (IC95%)
33,0s (4,5-61,6s) foram observados nos pa-
cientes com DRC leve em comparagio com
o grupo com DRC avangada na andlise mul-
tivariada ajustada para idade, escolaridade,
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use. Conclusion: Advanced CKD is independently
associated with poorer cognitive performance mea-
sured by an executive performance test compared
to mild CKD.

Keywords: Renal Insufficiency; Cognitive Dysfunction;
Dementia; Neuropsychological Tests.
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sexo, diabetes e uso de dlcool. Conclusao: DRC avan-
cada esteve independentemente associada a pior desem-
penho cognitivo medido por um teste de desempenho
executivo em comparacao a DRC leve.

Palavras-chave: Insuficiéncia Renal; Disfun¢ao Cognitiva;
Demeéncia; Testes Neuropsicologicos.

INTRODUCTION

Chronic kidney disease (CKD) is a public health pri-
ority around the world. Its prevalence is approxi-
mately 11% in developed countries, and in countries
with the worst socioeconomic quartile, people have a
60% higher risk of disease progression.! According to
the Global Burden of Disease Study, CKD ranks 24th
among the most prevalent diseases in the world, and
has increased by 23.8% in the last decade. In Brazil,
CKD is estimated to cause 4500-6000 deaths/year.
The number of patients in renal replacement therapy
between 2000 and 2012 has increased by 3.6% per
year. CKD has high morbidity, is associated to mor-
tality, and has elevated social and individual costs.
A patient with CKD requires an increased effort to
manage the self-care, such as dependency on medi-
cal equipment, complex drug prescription, and diet
plans; it can also result in a significant psychosocial
stress.>*

There are several clinical conditions that can lead
to increased susceptibility to kidney disease, with ar-
terial hypertension and type 2 diabetes being the main
ones. Other risk factors for progression of renal dis-
ease are dyslipidemia and smoking.! Cardiovascular
risk factors may contribute directly or indirectly to
this progression.’

Socioeconomic characteristics, such as educational
level, may also influence the risk for CKD. According
to de BRAZPD Study, a national cohort of peritoneal
dialysis in Brazilian patients enrolled from December
2004 to February 2007, there was a large proportion
of illiterate patients.® As health literacy is related to
educational level, the years of study of those patients
may affect negatively the progression of or complica-
tions related to CKD.” Several other published studies
do not report educational level or illiteracy in their
populations.®

Another disease with a major health impact is de-
mentia, a clinical syndrome caused by neurodegen-
eration and characterized by a progressive deteriora-
tion in cognitive ability and of an independent life.’

Among the different types of dementia, Alzheimer’s
disease, vascular dementia, Lewy bodies, and fron-
totemporal dementia are the most common underly-
ing pathologies.” Dementia has a preclinical phase,
with evidence of neuropathological lesions beginning
20 years before the appearance of clinically relevant
symptoms.'? In addition, modifiable risk factors, such
as education, physical activity, diabetes, hyperten-
sion, obesity, depression, and smoking have already
been associated with dementia.!!

The aging of the population projects an epidem-
ic of dementia cases. According to World Health
Organization data, it is estimated that by 2050 the
number of people 80 years old or older will quadruple,
reaching about 395 million. Moreover, the number
of Alzheimer’s dementia cases will triple in the same
period.’? Data from the Global Burden of Disease
Study, from 2016, shows that during the last decade,
Alzheimer’s disease cases increased by 37.7%.?

In this sense, common vascular risk factors such
as hypertension, diabetes mellitus, smoking, dyslipid-
emia, and cardiovascular disease can affect multiple
aspects of cognition.'3'® The mechanism of brain in-
jury is still unclear, but it is known that a low glomer-
ular filtration rate (e-GFR) can lead to an imbalance
in the metabolism of calcium, phosphate, parathyroid
hormone, and others that contributes to the accelera-
tion of vascular calcification. Anemia, which can com-
promise the oxygen supply to the brain, and oxidative
stress may contribute to cognitive dysfunction.*!”

The mechanism of injury to nervous tissue may
be related to both vascular damage and physiological
changes characteristic of the disease as a result of ure-
mia and depression, or even to treatment side effects.*
Uremia induces changes in the vascular subendothe-
lium and endothelium, which predisposes patients to
accelerated atherosclerosis.!'®

Thus, the aim of this study was to evaluate cogni-
tive function levels across different degrees of kidney
function in patients followed in an academic nephrol-
ogy outpatient clinic.
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MEeTHODS

This is a cross-sectional observational study' carried
out at the nephrology outpatient clinic of the Hospital
Nossa Senhora da Luz, Curitiba - Brazil, from April
to September 2016. The study was approved by the
local Ethics Committee.

Patients included in the study attended the ne-
phrology clinic, referred by primary care units or
already under follow-up for different clinical condi-
tions, from Curitiba and other regions of the state of
Parana. Patients were recruited consecutively by two
nurses who did not know the hypothesis of the study.
Exclusion criteria were illiteracy, visual deficit, hear-
ing impairment, use of medications that affect cogni-
tion or treatment for active psychiatric illness, such
as neuroleptics, antiparkinson, and anticonvulsants.

All those evaluated received orientations about the
study and signed the informed consent form prior to
inclusion in the study. Next, patients’ medical records
were analyzed for information about comorbidities,
medications of continuous use, blood pressure, recent
laboratory tests results, alcohol use, physical activity,
and smoking.

Renal function was estimated through serum cre-
atinine and adjusted for age and gender, by the CDK-
EPI formula: women = 144 x (Scr/ 0.7)032° x 0.99 3¢
and men = 144 x (Scr/ 0.7)%41" x 0.993%¢.> The cal-
culation was performed without considering race as
a variable, due to the characteristics of the Brazilian
black population that differs from the American,
which was used as basis for the definition of the CKD
EPI calculation.’?

COGNITIVE TESTS

Patients were submitted to cognitive tests, which as-
sessed executive cognitive function. Namely, verbal
fluency (number of animals cited by the participant
in 1 minute), immediate memory (number of words
mentioned and remembered immediately by the parti-
cipant), and guidance, memory, attention, and unders-
tanding through the Mini Mental State Examination
(MMSE),?° Trail Making Test part A and B (TMT A
and B) (Appendix 1). In the TMT part A, the circles
are numbered from 1 to 25 and the patient must draw
lines to connect the numbers in ascending order. In
Part B, the circles include numbers from 1 to 13 and
letters from A to L; as in Part A, the patient draws li-
nes to connect the circles in an ascending pattern, but
with the added task of alternating between the num-
bers and letters. Scores represent the time required to
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complete the test, such that lower scores imply shor-
ter time.?’ Since depression is the disease that most
generates diagnostic confusion with cognitive deficit,’
it was evaluated through the Geriatric Depression
Scale.?! The tests were applied in a silent office, by a
team previously trained by a psychologist and super-
vised by the investigator, and lasted about 30 minutes.

STATISTICAL ANALYSIS

Considering the effect of glomerular function on cog-
nition reported in other studies (R? = 0.10),” with a
power of 80%, and an alpha level of 5%, the size of
the sample was estimated to be 232 patients.

Continuous variables are presented as means and
standard deviations, or as medians or interquartile
ranges, as indicated. Categorical variables are pre-
sented as proportions. The comparisons were done by
analysis of variance (ANOVA) and the proportions
were compared by the Chi-square test. For variables
without a normal distribution, the Kruskal Wallis test
was performed. The glomerular filtration rate vari-
able was categorized in 3 categories: category 1, e-
GFR less or equal to 30 mL/min/1.73m?; category 2,
e-GFR between 30.1 and 60 mL/min/1.73m?; and cat-
egory 3, e-GFR above 60.1 mL/min/1.73m?

In multilinear regression models, continuous vari-
ables of cognitive function were considered depen-
dent variables and the renal function category was
considered the explanatory variable, with the e-GFR
above 60.1 mL/min/1.73m? as the reference.

Variables that had significance in the univariate
analysis were used as co-variables, in addition to
gender, age, education, diabetes, smoking, and alco-
hol. The level of significance was determined at 5%
and the analyses were performed with the IBM SPSS
Statistics 20 statistical package.

ResuLts

Out of the 330 patients evaluated, 84 were excluded
based on the exclusion criteria (illiteracy, visual or au-
ditory deficit, use of medications). Of the 246 patients
submitted to cognitive evaluation, 6 were excluded
for not presenting serum creatinine, which made it
impossible to evaluate renal function (Figure 1).

A total of 240 patients were included in the study
and subsequently divided according to e-GFR. The
characteristics of the sample according to glomerular
function categories are presented in Table 1. Sex, age,
hypertension, alcohol use, dyslipidemia, and diabetes
differed significantly among renal function categories.



Figure 1. Flow Chart of the participants.

Cognition performance in CKD

330 patients evaluated

84 patients excluded for
previous illiteracy, visual
deficits, hearing impairments,
use of medications affecting
cognition or for treatment of
active psychiatric illness, such
as neuroleptics,
antiparkinsonians, and
anticonvulsants.

246 patients submited
to cognitive evaluation

6 patients excluded

for not presenting
serum creatinine

Flowchart — selection criteria

240 patients
included

135 men

105 women
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TABLE 1 CLINICAL CHARACTERISTICS OF PATIENTS ACCORDING TO THE EGFR (N = 240; MeN = 135; woMEN = 105)
Variable
<
(n= 7;;6392.5%) 30.1-60 (n= 621;326.7%) p-value
(n =98; 40.8%)
Male 32 (41.0) 66 (67.3) 37 (57.8) 0.002
Age (years) 48.9 + 14.0 63.1 = 15.1 63.4 +12.6 < 0.001
Years of study 0.007
Upto4 20 (25.6) 45 (45.9) 34(53.1)
5a8 26 (33.3) 18 (18.4) 13(20.3)
9 or more 32 (41.0) 35 (35.7) 17(26.6)
Married 49 (62.8) 63 (64.3) 33 (51,6) 0.234
Smoking 35 (44.9) 47 (48.0) 40 (62.5) 0.086
Alcohol use 24 (30.8) 16 (16.3) 10 (15.6) 0.031
Sleep disturbance 56 (71.8) 67 (68.4) 51 (79.7) 0.284
:;flf/tl's/es physical 36 (46.2) 42 (42.9) 24 (375) 0.581
f,fg:;t‘ieB'OOd 134.8 + 24.3 136.1 + 22.0 145.5 + 28.2 0.035
(CI\(A)EAWSUEV)G deficit 34 (44.2) 44 (44.9) 26 (40.6) 0.858
Diabetes 12 (15.4) 28 (28.6) 31 (48.4) < 0.001
Hypertension 56 (87.5) 81 (90.0) 59 (93.6) 0.498
Dyslipidemia 29 (37.2) 58 (59.2) 35 (54.7) 0.011
Use of 2(2.6) 1(1.0) 1(1.6) -

anticonvulsants

Results reported as mean + standard deviation or as frequency (percentage)

*one-way ANOVA or Chi-square test; p < 0.05

Information on cognition is presented in Table 2.
Patients in the worst renal function category present-
ed the worst cognitive results in the executive func-
tion tests TMT A (p = 0.016) and TMT B (p < 0.001)
and in the anterograde memory evaluation (p =
0.049). There was no statistical difference in depres-
sion among the 3 categories in MMSE or in the verbal
fluency test.

The results of the multiple linear regression analy-
sis of the cognitive function tests are shown in Table 3.
Results of the executive function tests (TMT A and B), in
addition to models in which the values were adjusted for
age, years of study, gender, diabetes, cognitive deficit, and
alcohol use are presented. Independent of age, years of
study, gender, diabetes, education and alcohol use, those
in the worst glomerular filtration rate category presented
poorer performance on TMT B test results. In compari-
son to category 1, category 3 takes 69.7 (40, 99) seconds
longer (p value < 0.001) to execute the test. In category
2 the difference is 35.8 (10.2, 61.4) seconds (p value =
0.006) compared to category 1.
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DiscussionN

Even though both CKD and dementia share common
risk factors, the independent impact of CKD severi-
ty on dementia has not been investigated in Brazilian
patients. The main finding of this study was that ad-
vanced CKD is independently associated with poorer
cognitive performance measured by an executive per-
formance test.

Additionally, our findings show that, among pa-
tients with renal dysfunction, the prevalence of cogni-
tive dysfunction increases linearly as e-GFR declines,
and this association is independent of age, years of
study, gender, diabetes, and use of alcohol. The other
cognitive function tests, anterograde memory and
verbal fluency test, did not present differences in the
studied sample.

Several recent studies have explored the risk of
cognitive impairment in patients with renal dysfunc-
tion. Tamura et al., in the CRIC study, evaluated 3591
patients through the MMSE and demonstrated that
an e-GFR lower than 30 mL/min/1,73m? is associated
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TABLE 2 RESULTS OF THE COGNITIVE TESTS AMONG PATIENTS IN DIFFERENT STAGES ACCORDING To GFR

Variable p-value*

> 60 30.1-60 <30

Mini Mental State Exam (MMSE) (n = 238) 0.301
N 78 97 64

Median 26.5 25 26

IR 5 5 6

Geriatric Depression Scale - 15 (n = 236) 0.753
N 77 96 63

Median 4

IR 3

Anterograde Memory Test (n = 237) 0.049
N 77 97 63

Median 6 6

IR 1 2 2

Verbal Fluency Test (n = 237) 0.120
N 77 97 63

Median 16 15 15

IR 8 8 5

Time of TMT A (n = 227) (in seconds) 0.016
N 77 91 59

Mean 50.8 60.9 66.6

SD 311 31.6 35.7

Time of TMT B (n = 146) (in seconds) < 0.001
N 57 55 34

Mean 92.7 128.6 162.4

SD 46.2 66.5 970

IR: interquartile range; SD: standard deviation

*One-way ANOVA or non-parametric Kruskal-Wallis test; p < 0.05.
TMT A: Trail Making test part A

TMT B: Trail Making test part B

TaBLE 3 LINEAR COEFFICIENTS FOR TRAIL MAKING TEST PART A AND PART B (IN SECONDS), cONSIDERING THE EGFR
CATEGORIES
Crude model Model 1 Model 2
Test* Category
B (C195%) p-value B (CI95%) p-value B (C195%) p-value
TMT A > 60 (ref)
30.1-60 10.1 (0.20 - 20.1) 0.046 -0.1 (-9.8-9.6) 0.991 0.1(9.1-9.2) 0.986
<30 15.9 (4,8 -26.9) 0.005 4.4 (-6.1-14.9) 0.405 3.2(-70-13.3) 0.540

TMT B > 60 (ref)
30.1-60 35.8(10.3-61.4) 0.006 20.6 (-5.4 - 46.5) 0.119 6.3 (-19.1-31.7) 0.624
<30 69.7 (40.4 - 99.0) <0.001 48.6(19.8-774) 0.001 33.0 (4.5-61.6) 0.024

B (95%Cl): estimated coefficient and confidence interval of 95%

* Time to complete the test in seconds

TMT A: Trail Making test part A

TMT B: Trail Making test part B

Crude model 1: adjusted for age, years of study, and gender

Model 2 - TMT A: adjusted for age, years of study, gender, diabetes, and cognitive deficit

Model 2 - TMT B: adjusted for age, years of study, gender, diabetes, cognitive deficit and alcohol use
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with a 47% increase in cognitive decline, regardless
of disease and vascular risk factors. However, the as-
sociation is not significant after adjusting for hemo-
globin levels, demonstrating the influence of anemia
in this dysfunction.' These same authors in another
study aimed at evaluating the association between
cognitive decline and CKD progression, prospective-
ly analyzed 3883 patients with a baseline cognitive
impairment assessed by the MMSE for a period of
6.1 years. They reported no association between the
variables analyzed.?® These findings are in accordance
with ours’ lack of association when using MMSE to
evaluate cognition.

Lee et al. studied an elderly Japanese population
of 4686 regarding the relationship between cognitive
decline and CKD in patients without dementia. Using
the functional evaluation tool of the National Center
for Geriatrics and Gerontology, they also demonstrat-
ed that lower eGFRs are associated with worse cog-
nitive function, both in the attention and processing
speed domains.*

Through the application of different tests, and es-
pecially due to the sensitivity of the TMT B, in which
the visual search, scanning, processing speed, men-
tal flexibility, and executive functions are evaluated,
it is possible to detect premature cognitive function
loss.*?5 Selinger et al. demonstrated that not only do
patients with renal dysfunction have a worse perfor-
mance in verbal analysis and/ or visual memory tests,
but also have a faster decline of these functions with
age.?

It is known that cognitive function declines with
age, but the rate of this decline varies greatly among
individuals.?” Among patients with renal dysfunction,
studies have reported a lower average in cognitive
performance when compared to the population with
preserved renal function.

Contrarily to our findings, Helmer et al. in 2011
did not find an association between glomerular filtra-
tion rate and cognitive decline or dementia, but dem-
onstrated that cognitive function is worse in more
severe degrees of renal dysfunction.?®

The association between cognitive decline, espe-
cially of the executive function, and renal dysfunction
could be explained by the endothelial dysfunction
that occurs in the early stages of kidney disease, in
patients with cardiovascular risk factors, and in those
with cognitive impairment. However, studies show
that after adjusting for such factors, the association
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between the two remains significant,” pointing to an
independent effect.

The pathophysiology of cognitive decline in pa-
tients with renal dysfunction is unclear. However, one
can hypothesize that characteristics of the affected
cognitive domains resemble vascular dementia, since
patients present attention and executive function defi-
cit, with difficulties in motor performance and infor-
mation processing.*

Neurological disorders may be associated with
impaired renal function, such as oxidative stress,
anemia, presence of metabolic toxins, or to vascular
risk factors such as hypertension, diabetes mellitus,
smoking, dyslipidemia, and cardiovascular disease.
The vascular pathology seems to be related to the
involvement of small vessels, leading to endothelial
dysfunction accompanied by inflammation. Tkram et
al. in 2008 demonstrated that altered renal function is
associated with cerebral small vessel vascular disease
markers, demonstrated through magnetic resonance
imaging of patients, and that this occurs independent-
ly of cardiovascular risk factors. 3162831

Our results are in line with these previous ones,
since our analyzes were controlled for cardiovascu-
lar risk factors, such as age, gender, and alcohol use,
which were not controlled for by most previous stud-
ies. Additionally, our results extend the current evi-
dence to a population in a developing country, where
dementia is projected to reach alarming levels in the
coming decades.!?

Among limitations is the study design, which lim-
ited the inference of temporality between cognitive
function and renal function. Another limitation was
not determining hemoglobin levels, and consequently
anemia, to demonstrate the relationship of cognition
with this parameter.'* It can also be considered that
patients attending health services are not representa-
tive of the general population. However, the results
found here have clinical implications and might sup-
port funding for dementia preventive measures and
for improvement of treatment strategies for our popu-
lation under treatment for kidney disease.

These results highlight the need to screen for cog-
nitive decline in individuals with CKD in order to
detect possible difficulties in treatment and to ensure
that patients and their family caregivers can under-
stand and, therefore, guarantee treatment adherence.
A prospective analysis of the association between cog-
nitive decline and decreased glomerular filtration rate



may elucidate the impact on clinical outcomes in this
population.

In conclusion, our study shows that advanced
CKD is independently associated with poorer cogni-
tive performance, especially in executive function, re-
gardless of age, gender, years of study, and alcohol use
in a population attended at a reference nephrology
outpatient clinic.
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