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Vinod Bansal, MD2, José Biller, MD3, Debra Hoppensteadt, PhD1,
and Jawed Fareed, PhD1

Abstract
The prevalence of neurocognitive deficits remains high in patients with stage 5 chronic kidney disease (CKD5D). Major con-
tributors to such deficits include stroke, cervical carotid artery disease (CCAD), and intracranial atherosclerotic disease (ICAD).
The risk of developing these dysfunctional vascular processes is facilitated by the chronic inflammation associated with renal
failure. Plasma levels of 10 circulating biomarkers in patients with CKD5D (n¼ 78-90) were quantified using the sandwich enzyme
linked immune sorbent assay method. Biomarkers for this study included kidney injury molecule-1, N-terminal prohormone of
brain natriuretic peptide (NT-proBNP), neutrophil gelatinase-associated lipocalin, interleukin-18, endothelin 1, calcifediol,
parathyroid hormone, platelet-derived growth factor, microparticles-expressing tissue factor, and lipoprotein(a) (Lp(a)). Of the
90 patients with CKD5D, 30 had CCAD, 24 had ICAD, and 22 had stroke. Lp(a) level was significantly elevated in patients with
CKD5D with comorbid ICAD compared to those without (125.70 + 10.03 ng/mL vs 97.16 + 5.97 ng/mL; P ¼ .0065). NT-
proBNP level was also significantly elevated in patients with CKD5D with comorbid stroke diagnosis compared to those without
stroke history, once patients with a diagnosis of heart failure (HF) were excluded (14.84 + 2.80 ng/mL vs 9.06 + 1.27 ng/mL; P¼
.0283). Profiling levels of Lp(a) and NT-ProBNP could thus be useful in the risk stratification of ICAD and stroke, respectively, in
the CKD5D population.
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Introduction

The prevalence of neurocognitive deficits remains high in

patients with stage 5 chronic kidney disease (CKD5D).1-3

Major contributors to such deficits include stroke, cervical car-

otid artery disease (CCAD), and intracranial atherosclerotic

disease (ICAD). Presence of these neurovascular conditions

may cause adverse changes in cognitive function, including

that of executive and motor skills, attention, and perception.4-7

Dementia, and other cognitive impairments in patients with

CKD5D, have remained a serious concern for clinicians due to

increased mortality rates associated with these deficits.8,9

Additionally, the National Institute of Diabetes and Digestive

and Kidney Diseases noted that 5.4% of the deaths in patients

with CKD5D from 2012 to 2014 were caused by stroke alone.

Prior studies have reported that the stroke risk in the CKD5D

population ranges from 5 to 11 times that of the general popu-

lation.10,11 The authors of this study suggest that CKD5D ulti-

mately predisposes patients to cerebrovascular events via a

multifactorial pathophysiology involving upregulated inflamma-

tion, oxidative stress, and reduced toxin filtration within the

cerebrorenal axis.

Biomarkers have played a critical role in aiding clinicians

with the diagnosis and prognosis of multiple disease processes,

yet the role of biomarkers on neurological outcomes in patients

with CKD5D is not yet known.12,13 We sought to evaluate the
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role of 10 individual biomarkers in the CKD5D patient popu-

lation. Kidney injury molecule-1 (KIM-1) is a protective trans-

membrane protein of the renal tubular epithelium that is only

found to be upregulated in disease states.14-16 N-terminal pro-

hormone of brain natriuretic peptide (NT-proBNP) is the 76

amino-acid long biologically inactive by-product of the brain

natriuretic peptide maturation process.17 Utilization of

NT-ProBNP as a predictive biomarker for stroke has been pos-

tulated in other studies, although translation to the clinical

realm requires further investigation.18,19 Neutrophil

gelatinase-associated lipocalin (NGAL), also known as side-

rocalin or lipocalin-2, is a mitogenic growth factor for epithe-

lial development that has been known to be upregulated in the

presence of declining renal function.14 Interleukin-18 (IL-18) is

a cytokine that is elevated downstream of the inflammasome

pathway and has been implicated in the exacerbation of hyper-

tension.16,20 Endothelin 1 (ET-1) is as a marker of endothelial

dysfunction and oxidative stress, and is suggested to be a par-

ticipant in the process of arterial remodeling in CKD5D.21

Calcifediol (25(OH)D) and parathyroid hormone (PTH) are

molecules with well-characterized functions related to calcium

and phosphate homeostasis. It has been reported that abnorm-

alities within calcium and phosphate metabolism contribute to

the progression of CKD, while also providing a favorable envi-

ronment for vascular calcification and cardiovascular dis-

ease.22 Derangements of bone mineral density have also

been associated with the risk for stroke via developments of

CCAD and ICAD.23-25 Platelet-derived growth factor

(PDGF), a molecule known to exert effects on the vascular

system (eg smooth muscle cells), has been implicated in the

progression of chronic kidney disease.26 Microparticles-

expressing tissue factor (MPs-TF) are vascular particles of

varying sizes, a feature which depends on the cell of origin.

Microparticles-expressing tissue factor have been associated

with thrombosis and thromboembolic events.27 Lipopro-

tein(a) (Lp(a)) is a substance of low-density lipoproteins

which has been well-characterized in terms of its participation

in atherosclerosis and cardiovascular disease progression.28

Measuring and analyzing these biomarkers may thus contrib-

ute to our understanding of the pathogenesis of the cerebror-

enal axis in patients with CKD5D.

Methods and Materials

Pre-dialysis blood samples from 90 patients with CKD5D (45

males, 45 females; aged 40-87, mean 62) were collected at

Loyola Outpatient Dialysis Center during December 2014.

Samples were collected in 3.2% (0.109 mol/L) sodium citrate

tubes and centrifuged at 1100�g for 15 minutes within 2

hours of venous sampling. Each resulting plasma was then

divided into 10 aliquots of 100 mL plasma, which were then

frozen at �70�C for later analysis. Study samples were com-

pared to those collected from healthy volunteers. Control

samples originated from 25 male and 25 female, nonsmoking,

drug-free healthy volunteers (aged 19-54 years, mean 33),

which were purchased from George King Bio-medical, Inc

(Overland Park, Kansas). The use of healthy controls would

serve to elucidate normal levels of circulating blood biomar-

kers, as well as confirm the relative elevation of these levels in

patients with CKD5D.

Stage 5 chronic kidney disease and control plasma samples

were used to profile levels of biomarkers of inflammation,

hemostatic dysregulation, or vascular dysfunction. Biomarkers

measured in this study included KIM-1, N-terminal prohor-

mone of brain natriuretic peptide (NT-proBNP), NGAL,

IL-18, ET-1, 25(OH)D, PTH, PDGF, MP-TF, and Lp(a). Bio-

marker levels were measured using commercially available

sandwich ELISA kits (Hyphen Biomed, Neuville-sur-Oise,

France; R&D Systems, Inc., Minneapolis, MN; RayBiotech,

Inc., Norcross, Georgia). Reagents, standards, and sample solu-

tions were thawed, diluted, and prepared according to respec-

tive ELISA manufacturer’s instructions.

Patients’ demographic data (age, sex, and diagnoses) and

comorbid conditions were extracted from electronic medical

record. Any documentation of CCAD, ICAD, and stroke for

each patient with CKD5D was noted, and it should be noted

that some patients had more than one of these diagnoses. For

example, 11 patients had all 3 documentations of CCAD,

ICAD, and stroke. Two patients had only concurrent CCAD

and ICAD without any documentations of stroke. Five patients

had only concurrent CCAD and stroke documentations. Three

patients had only concurrent ICAD and stroke documentations.

Given the patient sample size for this study, stroke events

encompass both hemorrhagic and ischemic sub-types. Biomar-

ker and demographic data were collected in Microsoft Excel

and analyzed using GraphPad Prism 7[Please provide manu-

facturer name and location (city and state [if USA] or city and

country [if other than USA]) for “GraphPad Prism 7.”]. Mean

+ standard error of the mean was used as the standard expres-

sion for the quantitative results. Comparisons were performed

using Mann-Whitney t tests and Kruskal-Wallis non-

parametric analysis of variance. Nonparametric Spearman was

used for correlations. P values less than .05 were considered

statistically significant.

Results

Table 1 compares the levels of circulating biomarkers between

the study CKD5D population and healthy controls. Patients

with stage 5 chronic kidney disease had significant elevations

in the plasma concentration of most of the inflammatory and

hemostatic biomarkers compared to healthy controls (P < .0001

KIM-1, NT-ProBNP, NGAL, IL-18, MP-TF; P ¼ .0087 PTH;

P ¼ .0021 Lp(a)), except for ET-1 and PDGF (P ¼ .0507 and

P ¼ .4045, respectively). The 25(OH)D, by contrast, was sig-

nificantly decreased in patients with CKD5D compared to

healthy controls (P < .0001). There were no shared correlations

between levels of the biomarkers in CKD5D patient samples

and healthy controls (Supplemental Table S1). Independently,

the healthy controls had moderately strong positive correla-

tions between Lp(a) and NGAL (r ¼ .5579, P ¼ .0131), and

between Lp(a) and PTH (r ¼ 0.6845, P ¼ .0012). Stage 5
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chronic kidney disease plasma, however, had 4 weak correla-

tions, the strongest of which was between PDGF and PTH (r ¼
�0.3301, P ¼ .0015).

Electronic medical record data for patients with CKD5D

revealed CCAD diagnosis in 30 patients, ICAD in 24 patients,

and prior history of stroke in 22 patients. Table 2 compares

biomarkers levels in patients with CKD5D with comorbid

CCAD to those without. No statistically significant difference

was found between these 2 groups. Average percent changes of

each biomarker were relatively small, with the highest being

that of KIM-1 at þ53.5% + 52.1%. The CKD5D (�)CCAD

group demonstrated weak correlations between 5 biomarkers,

while the (þ)CCAD group revealed 3 correlations (Supple-

mental Table S1). The most significant correlation, however,

was a positive correlation between PTH and NGAL in CKD5D

(þ)CCAD patients (r ¼ 0.5679, P ¼ .0011).

Comparison of biomarker levels in patients with CKD5D

with regards to comorbid ICAD is shown in Table 3. Lp(a)

levels were significantly elevated in patients with CKD5D with

comorbid ICAD compared to those without (125.70 + 10.03

ng/mL vs 97.16 + 5.97 ng/mL, P ¼ .0065; Figure 1). The

average percent changes of each biomarker were found to be

relatively small, and most of them decreased in the (þ)ICAD

group, with the exception of KIM-1, MP-TF, and Lp(a). The

CKD5D (�)ICAD and (þ)ICAD groups exhibited 4 weak cor-

relations (Supplemental Table S1). The correlation between

PDGF and 25(OH)D is noted, however, to be negative with

moderate strength in patients with CKD5D (þ)ICAD (r ¼ -

�0.5054, P ¼ .0118).

Table 1. Biomarker Levels Reported as Mean + SEM for Healthy Controls (n ¼ 19-50) and Total CK5D Patients (n ¼ 78-90). The P Value and
Percentage Change (%D) between the 2 Groups are Also Reported. Percentage Change in Levels From Healthy Controls to CKD5D is Indicated
by %D.

Controls (n) CKD5D (n) P Value %D

KIM-1 (ng/mL) 0.06 + 0.01 (50) 0.70 + 0.13 (90) <.0001 þ1092 + 212
NT-ProBNP (ng/mL) 0.56 + 0.34 (50) 12.9 + 1.19 (90) <.0001 þ2212 + 213
NGAL (ng/mL) 54.7 + 1.78 (50) 451 + 9.67 (90) <.0001 þ725 + 17.7
IL-18 (pg/mL) 259 + 15.6 (50) 491 + 33.4 (90) <.0001 þ89.8 + 12.9
ET-1 (ng/mL) 2.70 + 0.44 (50) 2.80 + 0.16 (90) .0507 þ3.82 + 5.89
25(OH)D (ng/mL) 31.1 + 2.00 (50) 21.9 + 1.39 (90) <.0001 �29.7 + 4.46
PTH (pg/mL) 55.3 + 6.27 (50) 97.9 + 17.2 (90) .0087 þ77.0 + 31.0
PDGF (pg/mL) 82.7 + 16.1 (50) 116 + 18.2 (90) .4045 þ40.3 + 22.0
MP-TF (pg/mL) 0.37 + 0.04 (48) 3.00 + 0.16 (78) <.0001 þ711 + 43.6
Lp(a) (ng/mL) 66.1 + 10.6 (19) 104 + 5.27 (90) .0021 þ58.5 + 7.98

Abbreviations: 25(OH)D, calcifediol; ET-1, endothelin 1; IL-18, interleukin-18; KIM-1, kidney injury molecule-1; Lp(a), lipoprotein(a); MP-TF, microparticles-
expressing tissue factor; NT-ProBNP, NT-ProBNP; NGAL, neutrophil gelatinase-associated lipocalin; PTH, parathyroid hormone; PDGF, platelet-derived growth
factor.

Table 2. Levels of Biomarkers in Patients With CKD5D With
Respect to Comorbid CCAD. Levels for (þ) and (�) CCAD are
Reported as Mean + SEM. Percentage Change in Levels from
(�)CCAD to (þ)CCAD is Indicated by %D.

(�)CCAD (þ)CCAD P Value %D

KIM-1 (ng/mL) 0.60 + 0.10 0.92 + 0.31 .4809 þ53.5 + 52.1
NT-ProBNP

(ng/mL)
12.8 + 1.54 13.3 + 1.86 .5597 þ3.81 + 14.5

NGAL (ng/mL) 450 + 12.4 454 + 15.4 .9813 þ0.75 + 3.42
IL-18 (pg/mL) 498 + 43.8 477 + 49.3 .6305 �4.19 + 9.90
ET-1 (ng/mL) 2.97 + 0.23 2.48 + 0.15 .5612 �16.3 + 4.94
25(OH)D (ng/

mL)
22.3 + 1.83 21.1 + 2.01 .9762 �5.64 + 8.99

PTH (pg/mL) 107 + 25.4 79.8 + 8.57 .4889 �25.4 + 8.01
PDGF (pg/mL) 111 + 15.9 126 + 44.8 .4957 þ13.6 + 40.4
MP-TF (pg/mL) 2.93 + 0.18 3.12 + 0.33 .9148 þ6.69 + 11.2
Lp(a) (ng/mL) 102 + 6.39 111 + 9.36 .3366 þ9.67 + 9.22

Abbreviations: 25(OH)D, calcifediol; ET-1, endothelin 1; IL-18, interleukin-18;
KIM-1, kidney injury molecule-1; Lp(a), lipoprotein(a); MP-TF, microparticles-
expressing tissue factor; NT-ProBNP, NT-ProBNP; NGAL, neutrophil
gelatinase-associated lipocalin; PTH, parathyroid hormone; PDGF, platelet-
derived growth factor.

Table 3. Levels of Biomarkers in Patients With CKD5D with Respect
to Comorbid ICAD. Levels for (þ) and (�) ICAD are Reported as
Mean + SEM. Percentage Change in Levels from (�)ICAD to
(þ)ICAD is Indicated by %D.

(�)ICAD (þ)ICAD P Value %D

KIM-1 (ng/mL) 0.70 + 0.16 0.71 + 0.17 .4420 þ1.00 + 24.5
NT-ProBNP

(ng/mL)
13.3 + 1.52 12.1 + 1.60 .6602 �9.06 + 12.1

NGAL (ng/mL) 455 + 11.3 440 + 19.0 .4583 �3.31 + 4.17
IL-18 (pg/mL) 516 + 43.1 423 + 37.9 .1766 �18.0 + 7.36
ET-1 (ng/mL) 2.82 + 0.19 2.76 + 0.29 .7459 �2.21 + 10.3
25(OH)D (ng/

mL)
23.1 + 1.73 18.5 + 1.99 .1949 �20.1 + 8.58

PTH (pg/mL) 104 + 23.1 81.6 + 11.1 .6651 �21.5 + 10.7
PDGF (pg/mL) 124 + 23.0 94.6 + 25.8 .3434 �23.5 + 20.9
MP-TF (pg/mL) 2.80 + 0.16 3.50 + 0.39 .2123 þ25.2 + 14.0
Lp(a) (ng/mL) 97.2 + 5.97 126 + 10.0 .0065 þ29.4 + 10.3

Abbreviations: 25(OH)D, calcifediol; ET-1, endothelin 1; IL-18, interleukin-18;
KIM-1, kidney injury molecule-1; Lp(a), lipoprotein(a); MP-TF, microparticles-
expressing tissue factor; NT-ProBNP, NT-ProBNP; NGAL, neutrophil
gelatinase-associated lipocalin; PTH, parathyroid hormone; PDGF, platelet-
derived growth factor.
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Table 4 shows a comparison of biomarker levels in patients

with CKD5D with a documented stroke history compared to

those without. There were no statistically significant differ-

ences between the 2 groups. Average percent changes in the

level of each biomarker were, again, found to be relatively

small, with the 2 highest being that of KIM-1 at þ63.8% +
68.8% and NT-ProBNP at þ46.9% + 25.1%. In terms of cor-

relations, the CKD5D (�)stroke group had 4 weak correlations

between biomarker levels, while the (þ)stroke group had 3

(Supplemental Table S1). The correlation between levels of

Lp(a) and NT-ProBNP, however, was noted to be negative and

of moderate strength in the CKD5D (þ)stroke group (r ¼
�0.5901, P ¼ .0038).

In relation to stroke history and HF diagnosis, 42 patients

with CKD5D had neither a history of stroke nor HF, 10

patients with CKD5D had a prior diagnosis of stroke without

documented HF, 26 patients with CKD5D had a HF diag-

nosis without experiencing a prior stroke event, and 12

patients with CKD5D had both a stroke history and HF

comorbidity. Figure 2 shows the mean levels of NT-

ProBNP in healthy controls and patients with CKD5D with

or without prior diagnosis of stroke and/or HF. N-terminal

prohormone of brain natriuretic peptide levels were found to

be significantly elevated in nonstroke patients with CKD5D

with comorbid HF compared to those without (P ¼ .0107;

Figure 3A). N-terminal prohormone of brain natriuretic pep-

tide levels were also significantly elevated in patients with

CKD5D with a history of stroke diagnosis compared to those

without, once patients with HF diagnosis were excluded

(P ¼ .0283; Figure 3B).

The prevalence of various vascular abnormalities present

within the study CKD5D cohort were enumerated and stra-

tified by the relevant neurovascular disease subcategories

in Table 5. HF, carotid artery disease (CAD), and periph-

eral vascular disease (PVD) had the highest prevalence

within this CKD5D population. The prevalence of a vas-

cular pathology within this cohort is also greater in patients

with CKD5D with a neurovascular disease, with the excep-

tion of deep venous thrombosis and the broad vasculitides.

Finally, similar percentages of CAD diagnosis seem to be

apparent across the positive neurovascular disease cate-

gories, and also this holds true for the diagnoses of ACS,

HF, and PVD.

Figure 1. Comparison of Lp(a) levels between CKD5D (�)ICAD
(n ¼ 66) and CKD5D (þ)ICAD (n ¼ 24). Mean levels were 97.16 +
5.97 ng/mL for (�)ICAD, and 125.70 + 10.03 ng/mL for (þ)ICAD.
CKD5D indicates stage 5 chronic kidney diseas; ICAD, intracranial
atherosclerotic disease.

Table 4. Levels of Biomarkers in Patients With CKD5D With
Respect to Comorbid Stroke. Levels for (þ) and (�)Stroke are
Reported as Mean + SEM. Percentage Change in Levels From
(�)Stroke to (þ)stroke is Indicated by %D.

(�)Stroke (þ)Stroke P Value %D

KIM-1 (ng/mL) 0.61 + 0.10 1.00 + 0.42 .6098 þ63.8 + 68.8
NT-ProBNP

(ng/mL)
11.6 + 1.24 17.1 + 2.91 .0849 þ46.9 + 25.1

NGAL (ng/mL) 445 + 11.4 472 + 17.9 .1990 þ5.99 + 4.02
IL-18 (pg/mL) 498 + 40.6 470 + 54.8 .7267 �5.65 + 11.0
ET-1 (ng/mL) 2.73 + 0.18 3.04 + 0.34 .4317 þ11.5 + 12.6
25(OH)D

(ng/mL)
23.0 + 1.74 18.5 + 1.72 .3725 �19.3 + 7.48

PTH (pg/mL) 97.7 + 22.2 98.7 + 16.1 .2899 þ1.01 + 16.5
PDGF (pg/mL) 123 + 22.6 93.4 + 25.7 .4055 �24.2 + 20.8
MP-TF (pg/mL) 2.98 + 0.18 3.06 + 0.35 .9425 þ2.78 + 11.6
Lp(a) (ng/mL) 101 + 5.97 116 + 11.1 .2111 þ14.4 + 11.0

Abbreviations: 25(OH)D, calcifediol; ET-1, endothelin 1; IL-18, interleukin-18;
KIM-1, kidney injury molecule-1; Lp(a), lipoprotein(a); MP-TF, microparticles-
expressing tissue factor; NT-ProBNP, NT-ProBNP; NGAL, neutrophil
gelatinase-associated lipocalin; PTH, parathyroid hormone; PDGF, platelet-
derived growth factor.

Figure 2. Levels of circulating NT-ProBNP in healthy controls and
patients with CKD5D with or without prior diagnosis of stroke and/or
HF. Mean levels were 0.56 + 0.01 ng/mL for healthy controls (n ¼
50), 9.06 + 1.27 ng/mL for CKD5D without comorbid HF or stroke
history (n ¼ 42), 14.8 + 2.8 ng/mL for CKD5D with stroke history
only (n ¼ 10), 15.7 + 2.3 ng/mL for CKD5D with comorbid HF only
(n ¼ 26), and 18.9 + 4.9 ng/mL for CKD5D with dual stroke history
and HF comorbidity (n¼ 12). CKD5D indicates stage 5 chronic kidney
disease.
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Discussion

Comparisons between the plasma of patients with CKD5D and

that of healthy controls appear to show changes in circulating

levels of the biomarkers of this study within the CKD5D pop-

ulation. Of the biomarkers which have further alterations in

plasma concentrations in those patients with CKD5D with con-

current neurovascular disease, Lp(a) and NT-ProBNP show

potential utility in risk-stratification of ICAD and stroke,

respectively. Other biomarkers may be of limited value in this

regard. It is noted that some correlations among the biomarkers

were relatively stronger with r values >0.5, whereas others

were relatively weaker. Regardless of the strengths of the cor-

relations among these biomarkers, it is difficult to establish

their pathophysiology in the CKD5D cohort due to the small

sample size of this study. However, this study is suggestive of

the importance of these biomarkers in predicting their rele-

vance to the development of stroke, CCAD, and ICAD if these

studies were performed in a larger CKD5D cohort.

It can be expected that levels of circulating biomarkers of

inflammation and hemostasis are elevated in patients with

CKD5D when compared to the general population. Stage 5

chronic kidney disease subjects patients to a state of constant

systemic inflammation via impaired removal of endogenous

and exogenous toxins.29,30 Such continual vascular insults pro-

mote the induction of proinflammatory cytokines, activation of

the renin-angiotensin-aldosterone-system, and dysregulation of

the metabolic milieu.21,31 The resulting maladaptation of the

vascular system favors the development of calcific athero-

sclerosis and exacerbation of hypertension.31 Additionally,

patients with CKD5D rely on maintenance hemodialysis ther-

apy for survival, which itself has been implicated with arterial

stiffness and inflammation.32 The combination of CKD5D-

associated systemic inflammation and long-term hemodialy-

sis treatment has been implicated in the greater prevalence of

cognitive dysfunction in the CKD5D population.3,33-35 Poten-

tial reasons for this increased prevalence include uremic toxi-

city, the progressive stiffening of the arterial system, anemia,

systemic inflammation, and the inherent nature of conven-

tional hemodialysis therapy thought to directly induce acute

cerebral ischemic states.33,36-38 The dynamic connections

between renal and cognitive functions, maintained through

the vascular system, have given rise to the idea of a cerebror-

enal axis similar to that of the established cardiorenal

axis.3,39-41 Derangements of the systemic vasculature, there-

fore, ultimately contribute to the pathogenesis of neurovascu-

lar diseases in patients with CKD5D.

Figure 3. A, Comparison of NT-ProBNP levels between (�)HF (n¼ 42) and (þ)HF (n¼ 26) groups in nonstroke CKD5D patients. Mean levels
were 9.06 + 1.27 ng/mL for (�)HF, and 15.74 + 2.32 ng/mL for (þ)HF. B, Comparison of NT-ProBNP levels between (�)stroke (n ¼ 42) and
(þ)stroke (n ¼ 10) groups in patients with non-HF CKD5D. Mean levels were 9.06 + 1.27 ng/mL for (�)stroke, and 14.84 + 2.80 ng/mL for
(þ)stroke. CKD5D indicates stage 5 chronic kidney disease; NT-ProBNP, N-terminal prohormone of brain natriuretic peptide.

Table 5. Prevalence of Various Vascular Pathologies Present Within the CKD5D Cohort and its Neurovascular Disease Subcategories.
Coronary Artery Disease (CAD), Acute Coronary Syndrome (ACS), Peripheral Vascular Disease (PVD), Deep Venous Thrombosis (DVT),
Pulmonary Embolism (PE).

CAD ACS HF PVD DVT PE Vasculitides

CKD5D (n ¼ 90) 37 (41.1%) 24 (26.7%) 38 (42.2%) 27 (30.0%) 12 (13.3%) 1 (1.1%) 8 (8.9%)
(�)CCAD (n ¼ 60) 17 (28.3%) 12 (20.0%) 23 (38.3%) 15 (25.0%) 10 (16.7%) 0 5 (8.3%)
(þ)CCAD (n ¼ 30) 20 (66.7%) 12 (40.0%) 15 (50.0%) 12 (40.0%) 2 (6.7%) 1 (3.3%) 3 (10.0%)
(�)ICAD (n ¼ 66) 21 (31.8%) 14 (21.2%) 24 (36.4%) 18 (27.3%) 9 (13.6%) 0 5 (7.6%)
(þ)ICAD (n ¼ 24) 16 (66.7%) 10 (41.7%) 14 (58.3%) 9 (37.5%) 3 (12.5%) 1 (41.7%) 3 (12.5%)
(�)stroke (n ¼ 68) 21 (30.9%) 14 (20.6%) 26 (38.2%) 17 (25.0%) 10 (14.7%) 0 7 (10.3%)
(þ)stroke (n ¼ 22) 16 (72.7%) 10 (45.5%) 12 (54.5%) 10 (45.5%) 2 (9.1%) 1 (4.5%) 1 (4.5%)

Abbreviations: CKD5D stage 5 chronic kidney disease; CCAD, cervical carotid artery disease; ICAD, intracranial atherosclerotic disease.
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Cervical carotid artery disease and ICAD share similar risk

factors, pathogeneses, treatment options and both contribute

significantly to the development of acute and recurrent cere-

brovascular accidents, yet subtle differences support investiga-

tion of these 2 conditions as separate entities.42,43 It has been

suggested that prevalence of these 2 neurovascular diseases

differ amongst racial and ethnic groups, as well as by

gender.23,44-46 It has been reported that being of a male gender

is an independent risk factor for the development of CCAD,

while ICAD is more prevalent in females, possibly due to

factors related to bone mineral density.23,47 Reasons for such

differences may extend to factors beyond the scope of this

study, including genetic susceptibility and differences in

lifestyle.42

Although the mean level of circulating ET-1 in patients

with CKD5D was higher than that of healthy controls, the

differences were not statistically significant. This contrast

with reports from other studies which found ET-1 levels to

be significantly increased in the plasma of predialysis patients

with CKD5D.48,49 It is possible that differences in ET-1 levels

could be better appreciated with a larger size of the CKD5D

study cohort. Another explanation is that the normally

elevated levels of ET-1 in our CKD5D population were

artificially lowered due to anticoagulant administration,

particularly that of heparin.50

There is also a lack of significant difference in PDGF levels

between patients with CKD5D and healthy controls. One

explanation is that the PDGF levels in our CKD5D population

were decreased by repeat maintenance hemodialysis. It has

been reported that long-term patients of hemodialysis experi-

ence activation of platelets, as well as aggregations of plate-

lets with erythrocytes, such that thrombocytopenia could be

transiently-induced.51-53 However, it is debatable as to the

extent a thrombocytopenic state influences PDGF levels in

patients with CKD5D. This mitogen is known to be expressed

by a variety of cell types, including endothelial cells, which

experience notable fluctuations in vascular pressure during

hemodialysis.54 The resulting activation of endothelial cells

may modulate PDGF expression, thus altering its plasma

concentration.55

In consideration of neurovascular diseases in patients with

CKD5D, this study reports that Lp(a) levels are significantly

elevated in the presence of comorbid ICAD. Lp(a) is known to

contribute to the increased prevalence of atherosclerotic and

cardiovascular diseases in patients with CKD5D, mainly due to

reduced renal clearance of lipoprotein molecules.56,57 It has

been reported that high Lp(a) levels are also a prominent inde-

pendent risk factor for ICAD, especially that of large-artery

occlusive disease.58 Given the predilection of patients with

CKD5D for the development of concurrent dyslipidemia, mon-

itoring and reducing Lp(a) levels, as well as that of other ure-

mic lipids, may be an integral step toward the prevention of

cerebrovascular events in patients with CKD5D. Additionally,

a reduction in pro-atherogenic particles may also buffer against

the repeat vascular burden incurred by maintenance hemodia-

lysis and lessen the risk for developing vascular dementia.38,59

There was no statistically significant difference in circulat-

ing levels of NT-ProBNP when considering stroke history in

patients with CKD5D. However, NT-ProBNP has been previ-

ously assessed for clinical use as a diagnostic and prognostic

marker of HF.60-62 In this regard, the patients with CKD5D of

this study were categorized according to presence of a HF

diagnosis, and subsequently, levels of NT-ProBNP were

found to be significantly elevated in patients with CKD5D

with comorbid HF when compared to those without. Studies

have shown that NT-ProBNP levels were also elevated

following acute ischemic strokes, with suggestions that tran-

sient cardiac dysfunction occurs concurrently with cerebro-

vascular events63,64 It has also been postulated that acute

ischemic stroke may induce neurohormonal modulation in

order to counter cerebral vasodilation, at the expense of

cardiac ventricular function.64 This study has found that

NT-ProBNP levels in patients with CKD5D were signifi-

cantly elevated with comorbid stroke diagnosis compared to

those without stroke history, once HF diagnoses were

excluded. Interestingly, it has also been reported that NT-

ProBNP could be an independent risk factor for congestive

HF even after a stroke event or transient ischemic attack.65

Overall, the potential utilization of NT-ProBNP with respect

to HF and cerebrovascular accidents within the CKD5D

patient population should be further investigated.

Limitations of this study include the relatively small size of

our CKD5D cohort, as well as differences in the timing of

neurovascular disease events experienced by the patients, par-

ticularly in terms of stroke. Additionally, there were overlaps

of neurovascular diseases in some of the patients, and not all

patients received equal opportunities to undergo imaging stud-

ies. As such, the robustness of this study can be going so far as

to the extent of proper documentations and diagnostic evalua-

tions performed by the clinicians who manage the CKD5D

cohort. Another factor is that samples were gathered only from

the Loyola Outpatient Dialysis Center, the patient demo-

graphics of which might not reflect that of other communities.

Due to the relatively small number of stroke patients within this

CKD5D cohort, we defined stroke diagnosis to encompass both

the hemorrhagic and ischemic subtypes. A larger study popu-

lation could allow these 2 stroke subtypes to be analyzed as

separate entities and potentially illuminate differences in levels

of circulating biomarkers between them.

Conclusions

This study suggests that Lp(a) and NT-ProBNP are biomarkers

with potential utility in the risk stratification of ICAD and

stroke, respectively, in the CKD5D population. As Lp(a) is

both a prominent risk factor for ICAD and has been known

to have elevated levels during renal disease, monitoring Lp(a)

should be explored as part of primary prevention of neurovas-

cular events in patients with CKD5D. For NT-ProBNP, while it

is unclear as to what contributions neurohormonal modulation

may have on this biomarker’s level during a stroke event, the

fact that NT-ProBNP has been reported to be significantly
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elevated in patients with CKD5D with comorbid stroke diag-

nosis once HF diagnoses were excluded warrants further inves-

tigation. The other biomarkers measured in this study may be

of limited value in the stratification of neurovascular deficits in

CKD5D. Further investigation should consider the impact that

other vascular diseases may have on biomarker levels within

patients with CKD5D, particularly those with concurrent diag-

noses of atrial fibrillation and peripheral vascular disease.
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