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1 | INTRODUCTION

In the general population aortic stiffening, assessed by carotid femoral pulse wave
velocity (cf-PWV), is associated with cognitive dysfunction (CO/DY). Data in chronic
kidney disease (CKD) are limited. This study tests the hypothesis that large artery
stiffness and microvascular damage in CKD patients are related to the damage of
brain microcirculation reflected by impaired cognitive function. A cross-sectional
study enrolled 151 patients (mean age 58.4 years; 64.5% males; 44 patients with
CKD stage 1; 47 with stage 2; 25 with stage 3; and 35 with stage 4). Cognitive impair-
ment, assessed by the Mini Mental State Examination (MMSE), the Clock - drawing
test (Clock-test), and the Instrumental Activity of Daily Living (IADL), was considered
as primary outcome. We measured systolic and pulse pressures at the brachial and
aortic sites and cf-PWV. Our patients revealed a significant linear deterioration in all
the domains of cognitive function according to CKD stages. High values of cf-PWV
(P =0.029) and aortic pulse pressure (aPP) (P < 0.026) were independent determi-
nants of cognitive decline assessed by the MMSE. The present trial supports the
hypothesis of an interaction between the kidney, large artery damage, central pres-
sure pulsatility, and the injury of brain microcirculation. In clinical practice, cf-PWV
and aPP measurements may help to predict cognitive decline. Whether the reduction
in aortic stiffness following an aggressive treatment translates into improved cogni-

tive outcomes remains to be determined.

old have moderate-to-severe cognitive impairment,® with severe

economic consequences such as increased cost of care, increased

The kidney and the brain are affected in parallel during aging. Both
organs are affected by similar aggressions through classical cardio-
vascular risk factors such as hypertension or diabetes mellitus (DM)
but also through numerous other mechanisms such as inflammation,
uremia, anemia, and oxidative stress. All of these mechanisms may
be involved in both kidney injury and damage of the brain micro-
circulation, the later resulting in cognitive dysfunction (CO/DY).}™*
Cognitive dysfunction in chronic kidney disease (CKD) patients is
gaining widespread scientific interest. The prevalence of moderate-
to-severe CO/DY is more than double compared to the general pop-
ulation; indeed up to 70% of hemodialysis patients aged 2 55 years

rate of hospitalization, and mortality.® Thus, according to the current
evidence and medical guidelines,7 detection and prevention of CO/
DY in CKD are pivotal.

The hallmark of vascular aging is an increase in aortic stiffness,
assessed by an increase in carotid-femoral pulse wave velocity (cf-
PWV).8%0 Carotid-femoral PWYV is a major determinant of high central
blood pressure and wave reflection. Large arteries are highly sensitive
to early aging11 and their alteration is already linked with either CO/DY
and CKD.'2*3 On the other hand, brain injury and related brain pathol-
ogies (cerebral stroke and cognitive decline) are associated with arterial
stiffness.’%1416 Because increased central pulse pressure and wave
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reflections are considered the main cause of brain and kidney dysfunc-
tion, it is likely that these phenomena are emphasized in CKD patients.

Moreover, this may be of particular importance for kidney in-
jury progression, because passive renal perfusion along with low
resistance and input impedance in renal microvessels make kidneys
particularly vulnerable to the damaging effect of systemic pulsatile
pressure.r” However, data supporting the association between CO/
DY and arterial stiffness in CKD patients are limited. Our purpose
was to study the association between cognitive function assessed
in different dimensions (praxis, memory, orientation, and executive
function) and several indices of arterial stiffness in a cross-sectional
study in middle-aged CKD population.

2 | MATERIAL AND METHODS

2.1 | Demographic data

Classification of CKD stages 1-4 was done according to KDOQI
(Kidney Disease Outcomes Quality Initiative classification stages
1-4).% Patients followed in the outpatient clinic of the nephrology de-
partment were eligible for the study if they presented stage 1-4 CKD
and no overt dementia or cardiovascular disease (stroke or myocar-
dium infraction). Specific exclusion criteria for CO/DY assessment
were (1) diagnosis of depression or delirium according to the history
and neuropsychological tests, (2) history of prior stroke or transient
ischemic attack documented in the medical chart, and (3) low hemo-
globin (Hb) level <10 g/dL. Among the 244 patients screened for the

study, 93 were excluded: 45 because of missing data of cf-PWV or
incomplete measurements values and 48 for missing data concern-
ing the totality of cognitive tests. Finally, this study was composed of
151 patients (44 with CKD stage 1; 47 with stage 2; 25 with stage 3;
and 35 with stage 4) with mean age 58.4 years, 64.5% being males.
(Figure 1) The underlying diseases were glomerulonephritis 27%,
diabetic nephropathy 16.5%, hypertensive nephropathy 23%, inter-
stitial nephropathy 8%, polycystic disease 2.6%, and unknown 33%.

Demographic data were collected during a consultation. We
recorded main demographic and anthropometric data, synthesized
medical records, and usual blood tests during standardized work-
ups. Blood pressure was measured at the brachial site (0SBP, bDBP,
bMBP, bPP for systolic, diastolic, mean, and pulse pressures, re-
spectively) using an automated sphygmomanometer (Omron Digital
Blood Pressure Monitor 705-IT) device. Blood pressure measure-
ments were taken after a 5-minute rest in a setting position. The
mean values of the last 2 recordings for both brachial SBP and DBP
were used for calculation.

Other cardiovascular risk factors such as history of diabetes
mellitus (DM) and cardiovascular disease (CVD) were recorded.
Finally, educational level was categorized as lower vs higher educa-
tion, where the former refers to secondary and the latter to tertiary
education.

2.2 | Cognitive function assessment

Cognitive function was estimated by using 6 questionnaires,

standardized for the general population of the country. All the

n=151
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participants in the study spoke the Greek language. Exclusion
criteria were (1) diagnosis of depression or delirium according
to the history and neuropsychological tests, (2) history of prior
stroke or transient ischemic attack documented in the medi-
cal chart, and (3) low Hb level <10 g/dL. Three of these ques-
tionnaires, namely the Geriatric Depression Scale (GDS),'® the
Neuropsychiatric Inventory-Clinical rating scale (NPI-C),*? and
the Abbreviated Mental Test Score (AMTS),%° were used to as-
sess the patients’ psychological status and to detect depression.
These tests were not used in the statistical analysis. Patients
who tested positive on one of these tests were excluded from
the study because of prevalent neuropsychological disorders.
For the global cognitive function, we used the Mini Mental State
Examination (MMSE),?! range of O (worst score) to 30 (best
score). Administration by a trained interviewer took approxi-
mately 10 minutes. For the assessment of executive and visual

function we used the Clock-test.??

Clock-test is generally consid-
ered as an inexpensive, fast, qualitative tool for identifying de-
mentia in clinical practice. The scale assigns up to 7 points based
on 3 categories: time (3 points), numbers (2 points), and spacing
(2 points) with a score of 7 being perfect. For the executive func-
tion, we used the Instrumental Activity of Daily Living (IADL)
test.?® Questionnaires were administered by the same physician

trained in psychological issues (D.K).

2.3 | Arterial stiffness assessment

All patients were studied in a quiet room with controlled tempera-
ture as described previously.?* Brachial blood pressure was meas-
ured by an automated sphygmomanometer every 5 minutes (Omron
Digital Blood Pressure Monitor 705-IT). The mean values of the last
3 recording measurements were used for the analysis. Aortic pulse
wave velocity was determined from carotid and femoral pressure
waveforms obtained noninvasively by applanation tonometry (Millar
tonometer; Millar Instruments, Houston, TX) using the Sphygmocor
system (Atcor, Sydney, New South Wales, Australia). Details on pulse
wave analysis are provided in Data S1.

Briefly, cf-PWV was calculated from measurements of pulse
transit time and the distance travelled by the pulse between 2 re-
cording sites: cf-PWV = distance (m)/transit time (seconds). Finally,
values of cf-PWV were adjusted using the 0.8 correction factor ac-
cording to the new instructions.?> Aortic pressure waveforms were
subjected to further analysis by the Sphygmocor software to cal-
culate the aortic Alx. This is defined as the increment in pressure
from the first systolic shoulder to the peak pressure of the aortic
pressure. Alx is expressed as a percentage and provides a quanti-
tative measure of the augmentation of central BP in response to
wave reflection.

Brachial pulse pressure was calculated as SBP-DBP. Mean blood
pressure was calculated from the formula DBP + (SBP-DBP)/3.
Arterial tonometry was also performed at the right radial and com-
mon carotid arteries, in order to measure the pressure waveforms

and calculate the local pulse pressure.

2.4 | Statistical analysis

Statistical analyses were performed using the statistical package
SPSS, Version 24.0 (IBM Corp, Released 2016, IBM SPSS Statistics
for Windows, Armonk, NY, USA). Data were presented as absolute
numbers and frequencies for binary and categorical variables and
as median mean with standard deviation (SD) for continuous vari-
ables. Comparisons between patient groups were performed using
chi-square or Fisher’s exact test for binary variables and one-way
analysis of variance (ANOVA) for continuous variables.

We performed univariate linear regression analysis for each vari-
able using the cognitive indices, ie, MMSE, Clock-test, and IADL as
dependent variables for the entire population. We considered as in-
dependent covariates all the parameters we recorded in the previous
paragraph of demographic data, ie, age, sex, and weight.

In order to avoid either the interaction between homogenous
variables or factors that interact in the multiple regression analy-
sis (for example, weight, height, and body mass index [BMI] or SBP/
DBP and pulse pressure [PP]), we created clusters as performed by
Briet and colleagues.?® Clusters were constituted as follows: mor-
phometric (sex, height, weight, BMI, body surface area [BSA]), blood
pressure (MBP, PP, Alx), lipids (total cholesterol [t-chol], high-density
lipoprotein cholesterol [HDL-C], low-density lipoprotein cholesterol
[LDL-C], triglycerides [TGL]), blood (hematocrit [Ht], hemoglobin
[Hb], iron [Fe++], ferritin, total iron binding capacity [TIBC]), inflam-
mation (fibrinogen, C-reactive protein [CRP]), mineral metabolism
[Calcium (Ca++)], phosphorus [PO4-], Ca++x PO4- product, para-
thormone [PTH]), and treatment (angiotensin converting enzyme
inhibitors [ACEIls], angiotensin Il receptor blockers [ARBs], calcium
channel blockers [CCBs], vitamin D [VitD], and intake of statins).
Variables within each cluster that were significantly associated with
the dependent variable, from each classification, were included in
the multiple regression step analysis. When more than one variable
in a given cluster was significantly associated with the dependent
variable, then we chose the one with the largest R? or the most di-
rectly assessed one. In a second model, age was force-introduced
and then Glomerular-Filtration Rate-Modification of Diet in Renal
Disease (GFR-MDRD) was forced into the third model. Multiple re-
gression analysis by stepwise selection was performed. Finally, in
the last step of multiple linear regression analysis in order to further
eliminate spurious results due to residual collinearities (for instance,
age and GFR-MDRD or cPP and cf-PWV), we performed 2 subanal-
yses. Moreover, multiple regression (also known as multivariable
regression) pertains to one dependent variable and multiple inde-
pendent variables: y = f(xl, Xy wve s Xp)-

Multivariate regression pertains to multiple dependent variables
s Yo = fXg Xgpees X).
Problems may be encountered where both the dependent and inde-

and multiple independent variables: y,, y,, ...

pendent variables are arranged as matrices of variables (eg, y,,, ¥4,
...and X, Xy,,...), S0 the expression may be written as'Y = f(X), where
capital letters indicate matrices. The purpose of our study was to
find the interaction of one dependent variable (cf-PWV) with multi-
ple independent variables (MMSE, IADL, Clock-test) demonstrating
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that multiple regression analysis is a more appropriate statistical

solution for our study.

3 | RESULTS

Sex ratio, education level, and incidence of DM were comparable
among CKD groups. However, patients in advanced CKD stages
3-4 were older and had an increased incidence of CVD disease
(Table 1), together with more severe anemia, secondary hyperpar-
athyroidism, and increased inflammation indices (Table 1). Patients
in advanced CKD stages also exhibit significantly increased PP
(brachial and aortic) by comparison with moderate CKD patients
(Table 2). No significant differences between CKD groups were
found for systolic BP, mean BP, cf-PWV, and Alx (Table 2). The
number of patients receiving antihypertensive agents and vitamin
D analogs was significantly increased in parallel with the severity
of CKD (Table 1).

A major result is that cognitive function was profoundly altered
in parallel with the severity of CKD. This interested the different di-
mensions of cognitive function, either assessed by MMSE (loss of
3.1 points between CKD1 and CKD4, P =0.08), Clock - drawing
test (Clock-test), more specific for praxis (loss of 1.5 points between
CKD1 and CKD 4, P < 0.001) or IADL, more specific of adaptation
in daily life (gain of 5.3 points between CKD 1 and 4, P < 0.001)
(Table 2 and Figure 2).

Univariate linear regression analysis for each variable using the
cognitive indices, ie, MMSE, Clock-test, and IADL, are provided in
Table S1.

The analyses with MMSE, Clock-test, and IADL as dependent
variable, respectively, yielded the following results:

For MMSE (lower scores depicting altered performance), age
(beta coeff. -0.102, 95% confidence interval [-0.142 to -0.062],
P <0.001), and cf-PWV (-0.209, [-0.409 to -0.010], P = 0.040) re-
mained independent negative determinants. In addition, education
level (7.159, [6.137 to 8.354], P < 0.001) and Ht levels (0.139, [0.022
to 0.257], P = 0.020) remained independent positive determinants.
We further analyzed the data in 2 models that excluded age and
either aortic pulse pressure (aPP) or cf-PWYV, in order to take into
account possible interactions between age, aPP and cf-PWV. When
age and aPP were excluded from the model, cf-PWYV remained neg-
atively and significantly associated with MMSE (-0.233, [-0.446
to -0.019], P =0.029; Table 3) and Glomerular - Filtration Rate-
Modification of Diet in Renal Disease (GFR-MDRD) (0.020, [0.001
to 0.039], P=0.032) positively and significantly associated with
MMSE. When age and cf-PWV were excluded from the model, aPP
(-0.043, [-0.081 to -0.005], P = 0.026) was independently associ-
ated with cognitive decline (Table 3).

For Clock-test (lower scores depicting altered performance), aPP
(-0.012, [-0.023 to 0.001], P < 0.035) showed a negative associa-
tion whereas education level (1.058, [0.663 to 1.454], P < 0.001) and
GFR-MDRD (0.019, [0.014 to 0.025], P < 0.001) showed a positive
association (the lower the GFR-MDRD, the lower the Clock-test,

Table 3). Age and carotid-femoral PWV were not significantly asso-
ciated with Clock-test.

For IADL (larger scores depicting better performance), age
(0.327,[0.039 to 0.138], P < 0.001) and brachial (bPP) (0.541,[0.003
to 0.069], P <0.032) were positively and significantly associated
with CO/DY. Education level (-0.493, [-3.755 to -1.155], P < 0.001)
and GFR-MDRD (-0.525, [-0.056 to -0.015], P < 0.001) were nega-
tively and significantly associated with CO/DY. Neither cf-PWV nor

central BP parameter was associated with IADL.

4 | DISCUSSION

The present study in CKD patients showed that cognitive function
was profoundly altered in parallel with the severity of CKD. In addi-
tion, high levels of arterial stiffness indices, either directly measured
as cf-PWYV or indirectly estimated as aortic PP, were correlated with
MMSE, an index of cognitive decline. This study is the first one to
report such relationships between large artery damage and brain
injury in CKD patients. These results support our hypothesis that
increased cf-PWV and aPP could play a pathophysiological role in
the occurrence of CO/DY in CKD patients.

Several studies have examined the association between arte-
rial stiffness and cognitive function in the general population but
none in CKD patients. In the general population, the Baltimore study
showed that cf-PWV and pulse pressure were associated with pro-
spective cognitive decline.’® Moreover, a growing body of evidence
from longitudinal studies indicated that high values of cf-PWV pre-
dicted lower MMSE score.'*?”28 |n the general population of the
Rotterdam study,?’ arterial stiffness was not reported as an inde-
pendent risk factor for cognitive decline during follow-up. However,
a significant association was observed between stiffness and cogni-
tive decline at baseline. Our findings are in agreement with the afore-
mentioned studies as we showed that 2 indices of arterial stiffness,
cf-PWV and aPP, are associated with lower cognitive performance.

The design of our study does not allow us to penetrate into
causality and investigate the pathophysiological mechanisms.
Macro and microcirculation in the kidney and the brain are unique
and highly sensitive to increased pulsatility, which may lead to pro-
gressive organ failure. Increased aortic stiffness may promote the
transmission of high pulsatile flow in the small arteries network
and deteriorate them through hypertrophic remodeling, rarefac-
tion, and finally chronic ischemia.* Indeed high pressure pulsatility
in the brain leads to such qualitative alterations in the structure
and the arterial wall as an increase in extracellular matrix turn-
over, proliferation of smooth muscle cells, and apoptosis, which
in turn may lead to the loss of cognitive function.?*?* Because
high cf-PWV and aPP are factors associated with elevated pres-
sure pulsatility both in the kidney®® and cerebrovascular microcir-
culation,* our data suggest that the latter could play a significant
pathophysiological role in cognitive dysfunction. It is also possible
that uremic toxins have a similar toxic effect on brain and arte-

rial tissues. Indeed, a specific maladaptive remodeling of large
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TABLE 1 Baseline characteristics of the population

Parameters, n = 151 CKD1,n=44 CKD 2,n=47 CKD3,n=25 CKD4,n=35 Total population P value

Age (years), mean = SD 494 +12.7 56.2+12.8 599+11.1 66.6+12.1 57.08 +13.7 <0.001

Sex, (male/female), n (%) 28 /16 (63.5/36) 32/15 (68/32) 18/7 (72/28) 22/13 (50/30) 101/51 (66.4/33.6) 0.97

Body mass index, (kg/mz) 279 +4.4 28.9 £ 6.5 27.6 £4.5 27.8+41 28.2+51 0.03

Body surface area, (m?) 41+0.8 3.7+0.8 3.7+0.8 3.4+09 3.8+0.83 0.03

Higher education level, n 11 (25) 16 (34) 5(22) 9 (25) 41 (61.9) 0.58
(%)

History of diabetus 4(9) 7 (15) 6 (24) 8(23) 25(37.7) 0.19
mellitus, n (%)

History of cardiovascular 1(2.3) 0(0) 3(12) 7 (20) 10 (16.6) 0.001

disease, n (%)

Laboratory characteristics

Hematocrit, (%) 43.1+34 41.8+4.5 38.5+4.1 36.8+3.7 404 +4.5 <0.001

Hemoglobin, (g/dL) 13.7+1.4 13.7+1.5 12.7+1.4 11.8+1.3 13.1+£1.6 0.000

Total cholesterol, (mg/dL) 205.8 + 37.1 216.5+51.2 201.1+46.1 190.9 £51.8 204.7 +46.4 0.09

Triglycerides, (mg/dL) 124.4 £45.1 136.7 £ 71.2 1454 + 55 146.6 £ 63.4 136.8 £ 60.3 0.09

High-density lipoprotein 53.9+122 52.7 +13.9 52.6+1.3 52+ 11.6 52.8+13.2 0.55
cholesterol, (mg/dL)

Low-density lipoprotein, 234.4 +38.6 241 +50.3 224 +56.3 213+ 57.5 230.2 £ 50.8 0.59
(mg/dL)

Calcium, (mg/dL) 9.7 +£0.5 9.6 +£0.3 9.4+0.6 9.3+0.7 9.5+0.5 0.03

Phosphorus, (mg/dL) 41+04 41+0.5 4.1+0.9 4.6+0.8 4.2+0.8 0.01

Product of 39.9+6.2 39.4+6.1 37.7+84 43.3+8.8 42+93 0.01
calcium x phosphorus

Parathormone, (pg/mL) 38.7£13.9 44.8 +31.8 727 +71 156 + 89.3 74.5+73.2 <0.001

Serum albumin, (g/dL) 45+0.3 43+04 45+04 3.9+0.5 42+04 <0.001

C-reactive protein, (mg/L) 1.98+1.03 23+11 3.2+1.5 29+14 25+14 <0.001

Fibrinogen, (mg/dL) 349 +86.3 388 + 137 391 +129 433+ 125 387 +£128 0.005

Iron, (mg/dL) 85.3 + 37.08 92.2+34.4 81.5+27.2 719 £ 23.5 83.1+32.4 0.001

Ferritin, (mg/dL) 110.4 +75.01 142.2 +102.9 137.4 £ 104.4 146.2 £ 136.2 133.4 +£ 106 0.171

Total iron binding 304.4+76.7 289.8 + 88.2 273.3+80.2 290.8 + 63.8 291.8+775 0.459
capacity, (mg/dL)

Urine total protein 212 + 308 935+ 850 922 + 985 1826 + 2822 908 + 1784 <0.001
excretion, (mg/dL)

GFR-MDRD (mL/ 100+ 14.1 719 +73 454 +8.9 21.1+7.02 644 +31.4 <0.001
min/1.7 m?)

Pharmacological agents

Medications, n (%)

ACEIs/ARBs 28 (63) 39 (83) 15 (60) 29 (82) 111 (73) 0.01
Calcium channel 5(11) 15(32) 22 (88) 28 (80) 70 (46) 0.01
blockers
Central blocker 24 (55) 5(10) 7 (28) 2(5) 38 (57) 0.01
B-blocker 6 (13) 7 (15) 3(12) 4(11) 20 (13) 0.22
Statin 13(30) 15(32) 23(92) 18(52) 69 (45) 0.05
Diuretics 4(9) 11 (23) 22 (88) 31(88) 68 (45) 0.01
Vitamin D analogs 2 (4) 2 (4) 3(12) 12 (34) 19 (12) 0.01

P value represents ANOVA analysis for all groups.
ACEI, angiotensin converting enzyme inhibitors; ARB, angiotensin Il receptor blockers; GFR-MDRD, Glomerular-Filtration Rate-Modification of Diet in
Renal Disease; SD, standard deviation.
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Parameters CKD1,n=44 CKD 2,n=47 CKD 3,n=25 CKD 4,n =35 P value
Cognitive
Mini Mental State Examination (best 21.8+3.3 20.7+4.8 20.5+4.6 18.7+6.7 0.08
score 30)
Clock-test (best score 7) 6.8+0.5 6.6 0.9 58+1.1 53+1.8 <0.001
Instrumental Activity of Daily Living 9.8+2.7 11.7£3.9 14.1+4.2 151 +£5.7 <0.001
(best score 9)
Arterial parameters
Brachial blood pressure
Systolic BP, (mm Hg) 137.3+9.8 139.4+12.7 142.8 +12.8 137.2+18.1 0.65
Diastolic BP, (mm Hg) 84.7+9.8 81.8 +10.7 78.6 £22.4 774 +11.3 0.01
Pulse pressure, (mm Hg) 52.5+12.2 57.5+13.8 64.2+22.4 59.8+10.4 0.03
Mean BP, (mm Hg) 102.2 + 10.3 1019 +94 100.5 + 10.3 97.3+10.4 0.58
Aortic blood pressure
Systolic BP, (mm Hg) 128.3 + 14.8 128.1+23.1 131.9+13.3 130.2 £ 17.5 0.53
Pulse pressure, (mm Hg) 419+12.8 477 £21.2 53.1+17.2 534+171 0.01
Carotid blood pressure
Systolic BP, (mm Hg) 138.7 +16.5 140.6 +16.1 139.4 +14.2 137.9 £ 15.9 0.89
Pulse pressure, (mm Hg) 53.9 £15.9 58.1+16.2 56.6+17.4 60.1+17.6 0.54
cf-PWV?, (m/s) 6.3+1.5 6.7+1.8 6.1+1.9 69+23 0.97
Augmentation index (%) 26.8+12.2 247 £11.2 25.8+12.3 22.3+12.8 0.21

P value represents ANOVA analysis for all groups.
cf-PWYV, carotid femoral pulse wave velocity; BP, blood pressure.
“The cf-PWV values are adjusted according to new instructions.

arteries has been shown in CKD patients.%”31 Mild forms of cog-
nitive impairment may already appear at earlier stages of CKD and
extreme manifestations, such as severe dysfunction, very likely
appear in CKD stage 4. Thus, our findings suggest that cognitive
injury appears along with kidney injury and, as we previously de-
scribed, in every CKD stage, the risk of CO/DY is increased by
more than 2-fold.%? Meanwhile, data from the Heart, Estrogen/
Progesterone study showed that, in menopausal women, each
10 mL/min/1.73 m? decrement in eGFR corresponds to an approx-
imately 15%-25% increase in the risk of CO/DY.%®

Recently, the concept of early vascular aging (EVA) was intro-
duced.®* It generalized the prior considerations that arterial aging
and cardiovascular risk are associated with arterial stiffness and
pulse pressure.r! There is evidence of an intimate relationship be-
tween early brain aging and early vascular aging.® Mild cognitive
decline can be assimilated to an early brain aging in patients with
increased cardiovascular risk factor and presence of arterial lesions
(atheroma and arteriosclerosis) in micro and macrocirculation, as es-
tablished in CKD patients.*

In our CKD patients, high hematocrits were associated with bet-
ter cognitive performance. Our observation confirms previous evi-
dence that anemia is a risk factor for CO/DY in CKD patients.3*3¢
Interventions aiming at restoring normal hematocrit in the early
stages of CKD could improve both cerebral and renal vasculature?

and could prevent cognitive decline.3>%’

Mean IADL

FIGURE 2 3D plot showing the interaction of IADL, GFR-
MDRD, and age. IADL, Instrumental activity of daily living; GFR-
MDRD, glomerular filtration rate -modification of diet in renal
disease

However, we did not find a significant difference in cf-PWV
values between CKD groups. This could simply reflect a lack of
power of our study, but each group included 25-47 patients,
with a total number of 151. Alternatively, this could result from



282
22 | \WiLEY

KARASAVVIDOU ET AL.

TABLE 3 Multivariate analysis of the study

Parameters In/Out R?increment%

Dependent variable MMSE

Age In 9.7
Education In 58.1
cf-PWV In 1.0
Ht In 1.2
GFR-MDRD Out

R?=0.700

(a) Dependent variable MMSE without age and aPP

Education In 579
Ht In 4.5
cf-PWV In 1.5
GFR-MDRD In 11
R?=0.650
(b) Dependent variable MMSE without age and cf-PWV
Education In 58
aPP In 11
LDL In 1.3
Statin In 1.5
GFR-MDRD In 4.3
R?=0.663
Dependent variable Clock-test
Education In 15.4
aPP In 2.2
GFR-MDRD In 24.2
Age Out
R?=0.419
Dependent variable IADL
Age In 32.5
Education In 6.3
bPP In 1.1
GFR-MDRD In 71
R?=0.678

Beta coeff. Lower CI Upper CI P value
-0.102 -0.142 -0.062 <0.001
7.159 6.137 8.354 <0.001
-0.209 -0.409 -0.010 0.040
0.139 0.022 0.257 0.020
8.031 6.891 9.171 <0.001
0.174 0.037 0.311 0.014
-0.233 -0.446 -0.019 0.029
0.020 0.001 0.039 0.032
7.949 6.776 9.123 <0.001
-0.043 -0.081 -0.005 0.026
0.012 0.001 0.023 0.035
-1.375 -2.622 -0.129 0.031
0.018 0.001 0.037 0.050
1.058 0.663 1.454 <0.001
-0.012 -0.023 0.001 0.035
0.019 0.014 0.025 <0.001
0.327 0.039 0.138 0.001
-0.493 -3.755 -1.155 <0.001
0.541 0.003 0.069 0.032
-0.525 -0.056 -0.015 <0.001

aPP, aortic pulse pressure; bPP, brachial pulse pressure; cf-PWYV, carotid femoral pulse wave velocity; Cl, confidence interval; GFR-MDRD, Glomerular
Filtration Rate-Modification of Diet in Renal Disease; Ht, hematocrit; LDL, low-density lipoprotein.

the progressive arterial calcifications that characterize patients
with CKD® and the middle-aged patients of our study popula-
tion.2® Moreover, changes in cf-PWV are related to hemodynamic
changes (blood pressure load, salt intake, and volume excess in
CKD patients) but may also result from the active management of
our patients35 that may have attenuated the expected rise in cf-
PWYV. Our results are in accordance with the Nephrotest study'?
and confirm that aortic stiffness was relatively stable during CKD
progression. Finally, we observed an important heterogeneity
according to the different dimensions of the cognitive tests that
were used in our patients; only 2 tests assessing the variety of

mental mechanisms involved in cognitive impairment (MMSE and

Clock-test) showed associations with arterial parameters inde-
pendently of confounding factors (age, GFR-MDRD).

The study suffers from limitations, among them its cross-sec-
tional nature, and the risk of residual confounding variables. As un-
derlined previously, we cannot infer causality and pathophysiology
and only suggest possible mechanisms.

According to the European Society of Hypertension guidelines,7
it is necessary to prevent and detect CO/DY. Our findings suggest
that, apart from cf-PWV that is a direct index of arterial stiffness, in-
direct indices of arterial stiffness, such as aPP, may be useful clinical
tools for predicting cognitive decline in CKD patients. Nevertheless,

larger clinical trials remain to be done in order to confirm this result.
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For more than half a century, nephrologists have been focusing on

cardiovascular morbidity and mortality concerning CKD patients.

However, over the last decade, evidence is growing that these pa-

tients’ brains are also affected because of CKD. Cognitive tests

should be used for monitoring either vascular or nonvascular de-

mentia in those patients in order to detect and prevent CO/DY and

its consequences. Future studies are required to evaluate whether

interventions aiming at reducing arterial stiffness would be an ef-

fective strategy in order to delay or attenuate cognitive decline in
CKD patients.
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