ORIGINAL ARTICLE

Serum Fetuin A, hs-CRP and Homocysteine
as Biochemical Markers of Cardiovascular
Complications in Chronic Dialysis Patients

Perihan H. Tawfik', Sawsan S. Hafez', Nermine H. Mahmoud', Hesham M. El Sayed?
"Professor, Dept. of Clinical Pathology, Faculty of Medicine, Ain Shams University, Cairo, Egypt, 2Professor, Dept. of Nephrology, Faculty of
Medicine, Ain Shams University, Cairo, Egypt

ABSTRACT

Introduction: Chronic kidney disease (CKD) patients are considered a high risk group of cardiovascular disease in which
vascular calcification plays central role. A pivotal role in the inhibition of calcification is played by fetuin-A. The measurement
of inflammatory markers such as high sensitivity C-reactive protein (hs-CRP) and homocysteine which promotes atherosclerosis
is helpful in predicting cardiovascular disease in ESRD patients on regular dialysis. Material and Method: The study included
40 adult CKD patients divided into 30 ESRD patients on conventional hemodialysis, 15 with CVD and 15 without CVD, as well
as 10 CKD patients on conservative treatment. Ten healthy subjects served as a control group. Enzyme-linked immunosorbent
assays were used for fetuin-A, hs-CRP and homocysteine. Results: ESRD patients showed a significant increase in serum hs-CRP,
homocysteine and decrease in fetuin-A compared to control group. In addition, ESRD patients with CVD and without CVD
showed a significant increase in hs-CRP, homocysteine and only those with CVD had significantly decreased fetuin-A in relation
to CKD patients. The study revealed increased levels of hs-CRP and decrease in fetuin-A in ESRD patients with CVD compared
to ESRD patients without CVD. Fetuin-A showed a negative correlation with hs-CRP and homocysteine in ESRD patients with
and without CVD. Conclusion: The combined use of hs-CRP at a cutoff of (10 mg/dL) with either fetuin-A at a cutoff value of
(0.26 g/L) or alternatively with homocysteine at a cutoff value of (48.23 pmol/L) proved to be effective for discrimination of CVD

patients from other ESRD or CKD patients.
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INTRODUCTION

Chronic kidney disease (CKD) is a worldwide major
public health problem, with increasing incidence,
prevalence, high costs and poor outcomes.! More than
50 million people world-wide have CKD, and more than
one million of them are receiving kidney replacement
therapy. Additionally, because of the age-related decline
in GFR that may largely be attributable to hypertension,
atherosclerosis, or heart failure, the incidence of CKD
increases with age, approximately 17 percent of persons
older than 60 years have an estimated GFR of less than
60 mL per minute per 1.73 m? Early detection may
help slow the progression of kidney disease and avoid
kidney failure.?
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The incidence of CVD is seven to ten folds greater
in patients with CKD than in non CKD age and sex
matched controls.® By the time patients develop the need
for renal replacement therapy, the risk of cardiovascular
death is 10 to 20 times greater than age and sex matched
individuals without kidney disease.*

Vascular calcification is common in ESRD and it is a
central characteristic of the atherosclerotic cardiovascular
disease frequently observed in hemodialysis patients.?
Pathogenesis of vascular calcification seems to be multi-
factorial, it is strongly related to bone and mineral
metabolism disorder, particularly enhanced bone
resorption and high phosphate blood levels commonly
present in renal patients, but greater attention has been
focused on in vivo circulating modulators, working
as endogenous inhibitors of calcium and phosphate
precipitation.®

Regarding the in vivo circulating modulators of
calcification, fetuin-A, also known as o, - Heremans —
Schmid glycoprotein (AHSG), is a circulating calcium
- regulatory glycoprotein present throughout the
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extracellular space and acts as an inhibitor of calcium
and phosphate precipitation.” Fetuin-A is taken up by
vascular smooth muscle cells and loaded to intracellular
vesicles leading to formation of soluble colloidal spheres,
containing fetuin, and basic calcium phosphate (BCP)
which is known as calciprotein particles. These soluble
calciprotein particles are then cleared by the phagocytic
cells of the reticuloendothelial system.® Fetuin-A seems
to be involved in both inflammation and vascular
calcification processes. Actually, fetuin-A is down
regulated during systemic inflammation as a negative
acute phase reactant. Chronic micro-inflammation
state is frequently observed in ESRD and is related to
vascular calcification that ultimately leads to increased
cardiovascular risk. Moreover, activated acute phase
response and fetuin-A deficiency might account for
accelerated atherogenesis.’

Increased level of hs-CRP is found in a substantial
proportion of ESRD patients and is associated with poor
clinical outcomes, including all cause mortality. The
presence of increased hs-CRP confirms the existence
of a chronically activated acute phase response in the
ESRD, with hs-CRP possibly acting as a measure of
atherosclerosis. However, patients whose hs-CRP levels
remain elevated overtime would be expected to have
greater mortality than patients with occasionally elevated
levels.!?

Hyper-homocysteinemia is recognized as an independent
risk factor for cardiovascular morbidity and mortality
in ESRD patients. Elevated homocysteine is observed in
more than 90% of uremic patients.! In fact, homocysteine
has a major role in the pathogenesis of atherosclerosis.
It has been incriminated in stimulating smooth muscle
cell proliferation, increasing susceptibility of LDL
oxidation, increasing platelet aggregation, activating
the coagulation factors and finally directs damage of
the endothelium.*

Thus, the aim of this study was to evaluate the clinical utility
of serum fetuin-A, in addition to hs-CRP, homocysteine
as biochemical markers of atherosclerotic CVD in ESRD
patients subjected to regular hemodialysis.

MATERIALS AND METHODS

I- Subjects

This study was conducted at Ain Shams University Hospital
on forty patients with CKD, of whom thirty patients had
an ESRD and were subjected to conventional hemodialysis,
fifteen of them had CVD, and fifteen without CVD as well
as ten patients with CKD on conservative treatment. The
study also included ten sex and age matched controls.
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A-Patients” Groups (Group I, n=40)

This group included forty patients with CKD, 25 males
and 15 females. Their ages ranged between 21 to 68
with a mean of 47+18.7 years. They were admitted to the
Nephrology Department and Hemodialysis Unit of Ain
Shams University Hospitals. They were further divided
into the following subgroups according to the presence or
absence of CVD and the type of treatment:

1-Subgroup Ia (n=15): This subgroup included fifteen
patients, 12 males and 3 females. Their ages ranged from
22 to 64 years (mean 48.9+11.9 years). They were subjected
to conventional hemodialysis and were diagnosed as
having CVD, as evidenced by full history taking for
previous ischemic heart disease, blood pressure measuring,
echocardiography and electrocardiogram previously done
for the patients.

2-Subgroup Ib (n=15): This subgroup included fifteen
patients, 8 males and 7 females. Their ages ranged from
22 to 58 years (mean 44.2+9.87 years). They were subjected
to conventional hemodialysis and had no history of CVD.

3-Subgroup Ic (n=10): This subgroup included ten
patients, 5 males and 5 females. Their ages ranged from
21 to 68 years (mean 47.2+18.71 years). They had CKD,
at different stages ranged from 1 to 4 and they are on
conservative treatment.

Exclusion Criteria

Patients with clinical conditions known to be associated
with decreased fetuin-A level were excluded. These
conditions include: chronic liver disease, hepatitis B
or hepatitis C virus infection, liver cell failure, Hypo/
hyperthyroidism, infectious and immune-inflammatory
diseases, patients with severe malnutrition with body mass
index (BMI <20 Kg/m?) and diabetics.

B-Control Group (Group II, n=10)

This group included ten age and sex matched healthy
subjects. They were 4 males and 6 females. Their ages ranged
from 18 to 54 years (mean 35.4+11.11 years).

II- Blood Samples

Five millimeters of venous blood were collected after 12-14
hours fasting and before the hemodialysis session in patients
on hemodialysis and under complete aseptic precautions in
plain test tubes without anticoagulant. After coagulation,
samples were centrifuged (at 1500 g for 15 minutes). The
separated serum was divided into three aliquots. One
was designated for the immediate assay of routine renal
function, serum calcium, phosphorus and lipid profile.
The other two aliquots were stored at -20°C for subsequent
assay of hs-CRP, homocysteine and fetuin-A. Hemolysed
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samples were discarded. Repeated freezing and thawing
was avoided.

III- Methods

A-Analytical Methods

1-Routine kidney function test, serum calcium (Ca), serum
phosphorus (P) and Complete lipid profile: were measured
on Synchron CX-9 autoanalyzer".

2- High Sensitivity C-reactive Protein (hs- CRP)

High sensitivity C-reactive protein concentrations were
measured using a commercially available enzyme-linked
immunosorbent assay (ELISA) kit supplied by Accu-Bind,
Inc?”. Patients and controls sera were diluted 100 fold prior
to use.

3- Homocysteine

Homocysteine concentrations were measured using a
commercially available enzyme-linked immunosorbent
assay (ELISA) kit (Axis Homocysteine) supplied by IBL
International, Inc®".

Axis Homocysteine is an enzyme immunoassay for the
determination of total homocysteine in blood. Protein
bound homocysteine is reduced to free homocysteine and
enzymatically converted to S-adenosyl-L-homocysteine
(SAH) in a separate procedure prior to the immunoassay.
The enzyme is specific for the L-form of homocysteine,
which is the only form present in the blood. The solid-
phase enzyme immunoassay was based on competition
between SAH in the sample and immobilized SAH
bound to the walls of the micro-titre plate for binding
sites on a monoclonal anti-SAH antibody. After removal
of unbound anti-SAH antibody, a secondary rabbit anti-
mouse antibody labeled with the enzyme horse radish
peroxidase (HRP) was added. The peroxidase activity was
measured spectrophotometrically at 450nm after addition
of substrate, and the absorbance was inversely related to the
concentration of total homocysteine in the sample.

4- Fetuin-A

Fetuin-A concentrations were measured using a
commercially available enzyme-linked immunosorbent
assay (ELISA) kit supplied by Bio Vendor Laboratory
Medicine, Inc*".

Surface of wells in microtitration plate is coated with
polyclonal anti-human Fetuin-A specific antibody.
Standards, Quality Controls (QC) and diluted samples were

! Beckman Instruments Inc; Scientific Instrument Division, Fullerton, CA92634, 3100,
USA) in Ain Shams University Hospital.

2 Monobind Inc, Lake Forest, USA. Ca 92630.Tel:949 951 2665. Fax:949 951 3539.
E-mail:info@monobind.com

3 IBL International Gmbh, Flughafenstrasse 52, D-22335 Hamburg, Germany.

4 Biovender GmbH, Im Neuenheimer Feld 583, D-69120 Heidelberg, Germany.
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pipette into the wells (serum samples were diluted 1: 10000
with dilution buffer just prior to performance of the test).

Any human fetuin-A present was captured by immobilized
antibody and unbound protein was washed away after the
first incubation period. Then a horse radish peroxidase
(HRP) conjugated polyclonal anti-human fetuin-A
antibody was added to the wells and incubated. After
another washing step, unbound antibody- conjugate was
removed; a substrate solution was added to the wells. The
enzymatic reaction yield a blue product that turned yellow
when stop solution was added. The intensity of the color,
was measured spectro-photometrically at 450 nm and was
directly proportional to the amount of the human fetuin-A
bound in the initial step. Concentration of the test samples
were then read off the standard curve, multiplied by the
dilution factor 10000 to obtain fetuin-A results in ng/mL,
then results were divided by 1000000 to be changed into g/L.

Statistical Methods

Statistical analysis was done using SPSS software package,
version 15.0, 2006, Ecosoft corporation, USA. Data was
expressed descriptively as mean + standard deviation (SD)
for quantitative parametric data and median and inter-
quartile range for quantitative skewed data. Comparison
between groups was done using the student’s t test for
parametric data and Wilcoxon'’s rank sum test for skewed
data. Correlation study between the different analyzed
parameters was done using Spearman’s rank correlation
coefficient test for skewed data and Pearson’s correlation
coefficient for parametric data. Furthermore, the diagnostic
performance of homoscystine, hs CRP and fetuin-A was
evaluated using receiver operating characteristic curve
(ROC) analysis. The best cutoff value (the point nearest to
the left upper corner of the curve) was determined.

Ethics Statement

This study was approved by the Institutional Review
Board of Faculty of Medicine, Ain Shams University, Cairo,
Egypt. A written informed consent was obtained from each
participant.

RESULTS

Results of the present study are shown in Tables from (1)
to (5) and Figures from (1) to (5).

Descriptive statistics of various studied parameters in all
studied groups are shown in Table (1).

In subgroup la (ESRD patients with CVD), there was
statistical non significant difference in serum T-Chol and
LDL-C (t=0.71; t=1.35 with p > 0.05, respectively) compared
to subgroup Ib (ESRD patients without CVD). However,
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Table 1: Descriptive statistics of the different studied parameters in all patients group and the control group

Parameter Mean+SD
n=15 n=10

Subgroup la Subgroup Ib Subgroup Ic Control group Il
Age (years) 48.9+11.9 44.2+9.87 47.2+18.7 35.4+11.11
BMI (Kg/m?) 29.8+8.3 27.9+5.58 29.6%4.90 25.4+2.36
SBP (mmHg) 128.6£11.87 118.9+£33.9 131.0+14.4 119.0£8.75
DBP (mmHg) 82.6+7.9 80.0+8.41 83.0+8.23 80.0+8.16
Creat (mg/dL) 9.84+1.81 10.90£2.4 2.61+1.05 0.77+0.27
BUN (mg/dL) 132.1£29.7 130.5+39.2 93.2+69.4 24.2+6.4
Uric acid (mg/dL) 6.36+1.27 6.0£1.15 6.23+1.44 4.19£1.075
Ca (mg/dL) 8.26+1.6 7.50+0.88 8.99+0.511 9.09+0.59
P (mg/dL) 5.44+1.22 5.3+2.3 4.09+0.91 3.510£0.463
T- Chol (mg/dL) 200.8+32.73 195.5+31.4 178.1£31.64 169.8+42.5
TG (mg/dL) 139.4+44.5 132.9+23.1 110.5+89.6 103.8+46.19
HDL-C (mg/dL) 48.66+14.97 63.00+10.64 58.7£11.66 57.27+14.32
LDL-C (mg/dL) 105.6+37.74 89.46+26.9 107.7+£30.8 121.4£35.4
hs-CRP (mg/dL) 42.5 (0.6-100)* 23.4 (0.5-100)* 3.24 (0.4-10.0)* 2.26 (0.4-3.7)*
Homocysteine (mmol/L) 34.68+9.36 36.13+9.68 20.09+5.48 10.7+3.37
Fetuin A (g/L) 0.125+0.075 0.245+0.077 0.275+0.068 0.313+0.072

Data are expressed as mean+SD or median (interquartile range)* in case of Skewed Data. P>0.05: Non significant difference. t: Student t test

Table 2: Statistical comparison between each two
subgroups in patient’s group (Group I) regarding the
different studied parameters using the student t-test

Table 4: Correlation study between serum Fetuin-A and
hs-CRP, homocysteine in patients’ subgroups using
pearson’s correlation coefficient for parametric data (r)

for parametric data and wilcoxcon’s rank sum test for Parameter ESRD with ESRD without CKD
skewed data CvD CvD
Parameter Subgroup Subgroup Subgroup r P r P r P

la/lb n=15/15 la/lc n=15/10 Ib/lc n=15/10 hs-CRP (mg/L) -0.010 <0.05 -0.087 <0.05 0.164 >0.05

t/z* p t/z* p t/z* p Homocysteine (umol/L) -0.045 <0.05 -0.450 <0.05 0.228 >0.05
hs-CRP (mg/L) 5.88* <0.001 10.19* <0.001 17.60* <0.001 p>0.05: Non significant correlation, p<0.05: Significant correlation
Homocysteine  -0.415 >0.05 4.428 <0.001 4.733 <0.001
S s s s s - i =z

g/L) 4.33 <0.001 5.07 <0.001 -0.982 >0.05 90 =0 >
p<0.05, Significant difference. z*:Wilcoxcon's rank sum test. p<0.01, <0.001: Highly 80 Z
significant difference 70 Z
60 —
£50 >
Table 3: Statistical comparison between each subgroups @ gg g -~
in patient’s group (Group I) and control group (Group II) 20 — -~
regarding the different studied parameters using the 10 =
. . 0 = L |
student t-test for parametric data and wilcoxcon’s rank 0 20 40 60 80 100
sum test for skewed data 1-Sp%
Parameter Subgroup la/ll  Subgroup Ib/ll  Subgroup Ic/ll
n=15/10 n=15/10 n=10/10 —o0— hsCRP — —— — NDL [ Best cutoff

t/z* p t/iz* p t/iz* P
hs-CRP (mg/L) 10.4* <0.001 18.44* <0.001 -0.04* >0.05 AUC=0.88
Homocysteine 7724 <0.001 7.939 <0.01 4.641  >0.05 hs-CRP (mg/dL) =10 mg/dL
(umol/L) 30.85umol/L
Fetuin-A (g/L) -6.23 <0.001 -2.22 <0.05 -1.22 >0.05 Figure 1: ROC curve analysis showing the diagnostic performance of hs-CRP

p>0.05: Non significant difference. t: Student t test. p<0.05, Significant difference.
z*:Wilcoxcon's Rank Sum Test. p<0.01, <0.001: Highly significant difference

there was a statistically significant increase in TG (t=2.75,
p<0.05) and a statistically highly significant decrease in
HDL-C (t=-3.02, p< 0.01), as well as a statistical highly
significant increase in hs-CRP and decrease in fetuin-A
(z=5.88; t=-4.33, respectively, p < 0.001) in subgroup Ia
(Figure 5). On the other hand, a non significant difference
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for discriminating patients of subgroup la from those of subgroup Ib

in homocysteine was found between the two subgroups
(t= -0.42 with p > 0.05) (Table 2).

In addition, statistical comparison between subgroup Ia
and subgroup Ic (CKD patients on conservative treatment)
revealed a statistical non-significant difference in T-Chol,
TG, HDL-C and LDL-C between the two subgroups (t=-
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Table 5: Diagnostic performance of serum hsCRP (mg/dl), homocysteine (mmol/L) and fetuin-A (g/L) in ESRD patients
with CVD (subgroup la) versus ESRD patients without CVD (subgroup Ib)

Parameter ROC Diagnostic Diagnostic Negative predictive Positive predictive Diagnostic
cut off sensitivity (%) specificity (%) value (%) value (%) efficacy (%)
hsCRP (mg/dL) >10 73.3 100.0 78.9 100.0 86.7
Homocysteine (pmol/L) 30.85 80.0 46.7 70.0 60.0 63.3
Fetuin-A (g/L) <0.17 80.0 46.7 70.0 60.0 63.3
hs-CRP (mg/dL)+ 10.0 93.3 100.0 93.8 100.0 96.7
Fetuin A (g/L) 0.26
hs-CRP (mg/dL)+ 10.0 93.3 100.0 93.8 100.0 96.7
Homocysteine (mmol /L) 48.23
100 — 100
90 —<—4 90 7
80 » AA A A 80 —
70 Z e 70
60 ;i 2 % %
o T T 50
€ 50 3 B 40 £
D40 Z 30
20 Ak 20 Z
A —
20 — 10
10 — 0
0 - - - R 0 20 40 60 80 100
0 20 40 60 80 100 —o— hsCRP+Fetuin
1-Sp% —=a— hsCRP+Homocysteine
———=—— Homocysteine ~ — —~—— NDL ———NbL
. Best cutoff m  Best cutoff
AUC hsCRP+Fetuin-A = 0.900
AUC= =0.586 AUC hsCRP+Homocysteine
Homocysteine(umol/L)=

Figure 2: ROC curve analysis showing the diagnostic performance of
homocysteine for discriminating patients of subgroup la from those of subgroup Ib
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AUC=0.689
Fetuin-A(g/L) =0.17g/L
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Figure 3: ROC curve analysis showing the diagnostic performance of serum
fetuinA for discriminating patients of subgroup la from those of subgroup Ib

1.32; t=0.24; t=-1.78; t=-0.15 with p> 0.05, respectively).
However, there was a statistically highly significant increase
in hs-CRP, homocysteine and decrease in fetuin-A was
found in subgroup Ia (z=10.19; t=4.43; t=-5.07 with p <0.001,
respectively) (Table 2). Similarly, a statistical comparison
between subgroup Ib and subgroup Ic revealed a non
significant difference in T-Chol, TG, HDL-C and LDL-C
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Figure 4: Multi-ROC curve analysis showing the diagnostic performance of
hsCRP+fetuin-A (or homocysteine) for discriminating patients of subgroup la
from those of subgroup Ib

(t=-1.99; t=-1.21; t=0.95; t=-1.56 with p > 0.05, respectively).
Moreover, there was a statistically highly significant
increase in hs-CRP and homocysteine found in subgroup Ib
(z=17.60; t=4.73 with p < 0.001, respectively), However, a
non significant difference in fetuin-A was found between
the two subgroups (t=-0.99 with p >0.05) (Table 2, Figure 5).

Furthermore, when subgroups Ia, Ib, and Ic were compared
to the control group (group II) were compared, subgroups
showed a non significant difference in T-Chol, TG, HDL-C
and LDL-C. In subgroup IA, a highly statistically significant
increase in serum hs-CRP, homocysteine and decrease in
fetuin-A (z=10.44; t=7.72; t=-6.23, p < 0.001) were recorded
in comparison to control group (Table 3). Moreover, when
subgroup Ib was compared to the control group (group II),
there was a statistically highly significant increase in hs-
CRP and homocysteine (z=18.44; t=7.93, p< 0.001, <0.01,
respectively), and a statistically significant decrease in
fetuin-A (t=-2.22. p<0.05) (Table 3). Meanwhile when CKD
patients (subgroup Ic) were compared to the control group,
hs-CRP, homocysteine and fetuin-A were comparable
among the two subgroups (z=-0.04; t=4.64; t=-1.22 with
p > 0.05, respectively) (Table 3, Figure 5).
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Figure 5: Comparison between various studied groups as regards mean values of fetuin-A

Table (4) shows the correlation study between serum
fetuin-A and hs-CRP, homocysteine and with other studied
parameters in ESRD patients with CVD (subgroup Ia).
Fetuin-A showed statistically significant negative
correlation with hs-CRP, and homocysteine (r=-0.272;
r=-0.010; r=-0.045, p<0.05, respectively) and statistically
significant positive correlation with diastolic blood
pressure (DBP) (r=0.58, p < 0.05). Meanwhile, fetuin-A
showed non statistically significant correlation with
T-Chol, TG, HDL-C, LDL-C, SBP, (r=-0.27; r=0.40; r=0.32;
r=-0.35; r=0.23, p >0.05, respectively). The correlation
study between serum fetuin- A and hs-CRP, homocysteine
and with other studied parameters in ESRD patients
without CVD (subgroup Ib). Serum fetuin-A showed a
statistically significant negative correlation with hs-CRP
and homocysteine (rs=-0.087 and r=-0.450, respectively,
p< 0.05). Fetuin-A shows a statistically non significant
correlation with T-Chol, TG, HDL-C, LDL-C, DBP and
SBP (r=-0.08; r=0.05; r=-0.51; r=-0.15; r=-0.03; r=0.02, p>0.05,
respectively. The correlation between serum fetuin-A
levels and hs-CRP, homocysteine and with other studied
parameters in CKD patients on conservative treatment
(subgroup Ic) shows non statistically significant correlation
with T-Chol, TG, HDL-C, LDL-C, DBP, SBP, hs-CRP and
homocysteine (r=0.05; r=0.34; r=0.56; r=-0.28; r=0.03; r=0.15;
rs=0.16 and r=0.23; p > 0.05, respectively).

The receiver operating characteristic (ROC) curve analysis
was applied to assess the diagnostic performance of serum
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hs-CRP, homocysteine and fetuin-A levels in ESRD patients
with CVD (subgroup la) versus ESRD patients without
CVD (subgroup Ib). The AUC was (0.88, 0.59 and 0.69,
respectively), and the optimum cutoff level was (10 mg/dL,
30.85 mmol/L and 0.17 g/L, respectively) (Figures 1, 2
and 3). The analysis revealed that hs-CRP had highest
diagnostic specificity of 100%, both negative and positive
predictive values of (78.9% and 100%, respectively) and
highest diagnostic efficacy of (86.7%), but lower diagnostic
sensitivity of (73.3%). However, homocysteine and fetuin-A
showed a corresponding performance with lower diagnostic
efficacy of (63.3%) than hs-CRP. The markers showed
similar diagnostic sensitivity and specificity of (80% and
46.7%, respectively). In addition, identical negative and
positive predictive values (70.0 %, 60.0 % respectively) were
observed for both markers (Table 5).

Moreover, multi-ROC curve analysis was applied to
assess the diagnostic performance utilizing a combination
of both serum hs-CRP and fetuin-A, as well as hs-CRP
and homocysteine for discriminating ESRD patients with
CVD (subgroup la) from ESRD patients without CVD
(subgroup Ib). Each combination of markers revealed the
same diagnostic performance with AUC (0.90) using a
diagnostic cutoff value of (10 mg/dL) for hs-CRP applied
first with cutoff value of (0.26 g/L) for fetuin-A, and in the
other application with cutoff value of (48.23 mmol/L) for
homocysteine (Figure 4). Both multi- ROC analyses had a
diagnostic sensitivity, specificity, negative predictive value,
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positive predictive value and diagnostic efficacy of (93.3%,
100%, 93.8%, 100.0%, and 96.7%, respectively) (Table 5).

DISCUSSION

Chronic kidney disease is a major public health problem
throughout the world.! The risk of CVD morbidity and
mortality is high in all stages of CKD. However, it becomes
more evident upon the initiation of dialysis treatment.* The
atherosclerotic cardiovascular disease is the most frequent
complication in patients undergoing chronic hemodialysis
treatment. The atherosclerotic lesions are more likely to be
heavily calcified due to accelerated vascular calcification
commonly observed in those patients.® A potential inhibitor
of vascular calcification is fetuin-A.°

The aim of the present work was to evaluate the clinical
utility of serum levels of fetuin-A, hs-CRP and homocysteine
as biochemical markers of atherosclerotic cardiovascular
disease in ESRD patients subjected to conventional
hemodialysis.

Concerning hs-CRP, a highly significant increase was
detected in ESRD patients collectively (subgroup la and Ib)
compared to CKD patients on conservative treatment
(subgroup Ic) and the healthy control group (group II). This
result is in agreement with Apple et al.'” and Stenvinkel
et al.”® who explained that renal insufficiency causes a
prolonged acute phase inflammatory reaction that was
accompanied with elevated inflammatory markers such as
hs-CRP, IL-6, albumin and fibrinogen. These inflammatory
markers are significantly associated with cardiovascular
morbidity and mortality. Moreover, the significant
increase in hs-CRP level among ESRD patients with
CVD (subgroup Ia) compared to those of ESRD patients
without CVD (subgroup Ib) confirms the existence of more
vascular events with hs-CRP possibly acting as a measure
of atherosclerosis.™

As regards homocysteine a highly significant increase was
detected in ESRD patients collectively (subgroup Ila and
Ib) compared to CKD patients on conservative treatment
(subgroup Ic) and the healthy control group (group II).
This finding agrees with Nolin et al.'”® who stated that
hyper-homocysteinemia is a consistent finding in uremic
patients due to reduction in nephron mass as tubular
cells play an important role in homocysteine metabolism
through re-methylation and trans-sulfuration. In fact no
statistically significant difference was recorded regarding
homocysteine between ESRD patients with CVD and those
without CVD. This can be attributed to that both subgroups
have folate or cobolamin deficiency that usually occurs in
malnourished hemodialysis patients and leads to hyper-
homocysteinemia.'®
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Interestingly, fetuin-A shows a significant decrease in ESRD
patients with CVD compared to ESRD patients without
CVD, CKD patients on conservative treatment and the
healthy control group. This result was in accordance to
Stenvinkel et al.'’; Ciaccio et al.’ and Cottone et al.'® These
researchers explained that ESRD patients who clinically
manifest CVD have more evidence of inflammation, more
vascular calcification and carotid plaques reflected by
significant elevated levels of hs-CRP and other inflammatory
mediators. These inflammatory mediators down regulate
fetuin-A hepatic messanger RNA decreasing fetuin-A level
that acts as a negative acute phase reactant.

Meanwhile fetuin-A shows a significant positive correlation
with diastolic blood pressure in ESRD patients with CVD.
This could be explained by arterial wall stiffness and
loss of arterial compliance related to medial calcification
(arteriosclerosis) attributed to low fetuin-A level. This
results in increased systolic, decreased diastolic blood
pressure and increased pulse pressure that have been found
to be independent risk factors for morbidity in hemodialysis
patients with CVD."”

Interstingly, negative correlation was found between
fetuin-A and hs-CRP in ESRD patients collectively. These
results were in accordance to Oikawa et al.*® and Roos et al.**
who reported that hs-CRP was negatively correlated with
fetuin-A whose level goes down with inflammation as a
negative acute phase reactant. Also a negative correlation
between fetuin-A and homocysteine was recorded in ESRD
patients collectively in which hyperhomocysteinemia
were frequently present in association with progression of
atherosclerotic CVD."

In accordance with our results, are the studies done by
Ix et al.®; Jakub et al.** and Cottone et al.'® who found no
correlation between fetuin-A, lipid profile in all patients’
groups.

Concerning the diagnostic performance of serum hs-CRP
(mg/dL), homocysteine and fetuin-A (g/L) (mmol/L) in
ESRD patients with CVD versus the subgroup of ESRD
patients without CVD, hs-CRP had a superior diagnostic
performance in comparison to other two markers with
a higher diagnostic specificity of 100.0%, and diagnostic
efficacy of 86.7%, respectively, but lower diagnostic
sensitivity of 73.3%.

However, an increment in performance was achieved
through the combined use of homocysteine or fetuin-A
alternatively with hs-CRP. The best ROC cutoffs was
48.23 (mmol/L) for homocysteine, 0.26 (g/L) for fetuin-A
and 10 (mg/dL) for hs-CRP. These obviously had a better
diagnostic sensitivity of 93.3%, specificity of 100%, and
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diagnostic efficacy of 96.7% and AUC of 0.90. These results
raise the possibility of combined use of different markers
for better discrimination of hemodialysis patients with
cardiovascular disease.

The result of this study confirm that serum fetuin-A is a
biomarker for identification of ESRD patients who are at
high risk of cardiovascular disease, the sustained decrease
of which might account for accelerated atherogenesis and
increased risk of mortality, and that the effectiveness of
serum fetuin-A as a biomarker for cardiovascular disease
in hemodialysis patients is increased when it is employed
in combination with other proven biomarkers, such as hs-
CRP and homocysteine.

Future research studies are needed to evaluate the potential
clinical utility of fetuin-A as a novel therapeutic agent
to prevent ectopic calcification accompanying various
diseases.

REFERENCES

1. Gravis JW. Diagnosis and management of chronic kidney disease.
Mayo Clin. Proc. 2008; 83(9):1064-1069.

2. Schoolwerth AC, Engelgau MM, Hostetter TH, Rufo KH,
Chianchiano D and McClellan WM. Chronic kidney disease: a
public health problem that needs a public health action plan. Am.
J. Kidney Dis. 2006; 51(4 Supp2):S30-37.

3. Dreuke TB. Arterial intima and media calcification: distinct entities
with different pathogenesis or all the same? Clin. J. Am. Soc.
Nephrol. 2008; 3(6):1583-1584.

4. Coglar K, Yilmaz MI, Saglam M, Cakir E, Acikel C, Eyileten T.
Short-term treatment with sevelamer increases serum fetuin-a
concentration and improves endothelial dysfunction in chronic
kidney disease stage 4 patients. Clin. J. Am. Soc. Nephrol,;
3(1):61-68.

5.  Amann K. Media calcification and intima calcification are distinct
entities in chronic kidney disease. Clin. J. Am. Soc. Nephrol. 2008;
3(6):1599-1605.

6. ToussaintND, Lau KK, Strauss BJ, Polkinghorne KR and Kerr PG.
Associations between vascular calcification, arterial stiffness and
bone mineral density in chronic kidney disease. Nephrol. Dial.
Transplant. 2008; 23(2):586-593.

7. IxJH, Wassel CL, Kanaya AM, Vittinghoff E, Johnson KC., Koster
A.et al. Fetuin-A and incident diabetes mellitus in older persons.
JAMA 2008; 300(2):182-188.

8. Reynolds]L, Skepper JN, McNair R, Kasama T, Gupta K, Weissberg
PL et al. Multifunctional roles for serum protein fetuin-a in
inhibition of human vascular smooth muscle cell calcification. J.
Am. Soc. Nephrol. 2005; 16(10):2920-2930.

9. Ciaccio M, Bivona G, Di Sciacca R, Iatrino R, Di Natale E, Li Vecchi
M et al.: Changes in serum fetuin-A and inflammatory markers
levels in end-stage renal disease (ESRD): effect of a single session
haemodialysis. Clin. Chem. Lab. Med. 2008; 46(2):212-214.

| Jan - Jun 2015 | Vol 2 | Issue 1 |

10. Apple FS, Murakami MM, Pearce LA and Herzog CA. Multi-
biomarker risk stratification of N-terminal pro-B-type natriuretic
peptide, high-sensitivity C-reactive protein, and cardiac troponin
T and I in end-stage renal disease for all-cause death. Clin. Chem.
2004; 50(12):2279-2285.

11. Mallat SG and Aoun M. Hyperhomocysteinemia and its role in
chronic renal failure. SaudiJ. Kidney Dis. Transpl. 2002; 13(3):336-343.

12. Jakub K, Tomasz P and Marian K. Relationship between fetuin-A
concentration, elevated levels of inflammatory markers, and
arterial wall stiffness in end stage kidney disease. Journal of Renal
Nutrition 2008; 18(1): 83-86.

13. Stenvinkel P, Carrero J], Axelsson J, Lindholm B, Heimburger O and
Massy Z. Emerging biomarkers for evaluating cardiovascular risk
in the chronic kidney disease patient: how do new pieces fit into
the uremic puzzle? Clin. ]. Am. Soc. Nephrol. 2008; 3(2):505-521.

14. Roos M, von Eynatten M, Heemann U, Rothenbacher D, Brenner
H and Breitling LP. Serum fetuin-A, cardiovascular risk factors,
and six — year follow up outcome in patients with coronary heart
disease. Am.J. Cardiol. 2010; 10(12):1666-1672.

15. Nolin TD, McMenamin ME and Himmelfarb J. Simultaneous
determination of total homocysteine, cysteine, cysteinylglycine,
and glutathione in human plasma by high-performance liquid
chromatography: application to studies of oxidative stress. J.
Chromatogr. B. Analyt. Technol. Biomed. Life Sci.2007; 85(1-2):554-561.

16. Chang JW, Lee EK, Kim TH, Min WK, Chun S, Lee KU. et al.
Effects of alpha-lipoic acid on the plasma levels of asymmetric
dimethylarginine in diabetic end-stage renal disease patients on
hemodialysis: a pilot study. Am. J. Nephrol. 2007; 27(1):70-74.

17. Sun ZL, Xie QY, Guo GL, Ma K and Huang YY. Serum Fetuin-A
Levels in Patients with Cardiovascular Disease: A Meta-Analysis.
BioMed Research International 2014; 2014:1-9.

18. Cottone S, Palmero A, Arsena R, Riccobene R, Guarneri M, Mule G
et al. Relationship of fetuin —A with glomerular filteration rate
and endothelial dysfunction in moderate — severe chronic kidney
disease. ]. Nephrol. 2010; 23(01):62-69.

19. Sarnak M]J, Levey AS, Schoolwerth AC, Coresh ], Culleton B,
Hamm LL. Kidney disease as a risk factor for development of
cardiovascular disease: a statement from the American Heart
Association Councils on Kidney in Cardiovascular Disease, High
Blood Pressure Research, Clinical Cardiology, and Epidemiology
and Prevention. Circulation 2003; 108(17):2154-2169.

20. Oikawa O, Higuhi T, Yamazaki T, Yamamoto C, Fukuda N and
Matsumoto K. Evaluation of serum fetuin-A relationships with
biochemical parameters in patients on hemodialysis. Clin. Exp.
Nephrol. 2007; 11(4):304-308.

21. Ix JH, Chertow GM, Shlipak MG, Brandenburg VM, Ketteler M
and Whooley MA. Association of fetuin-A with mitral annular
calcification and aortic stenosis among persons with coronary
heart disease: data from the Heart and Soul Study. Circulation,
(2007); 115(19): 2533-2539.

How to cite this article: Tawfik PH, Hafez SS, Mahmoud NH,
El Sayed HM. Serum Fetuin A, hs-CRP and homocysteine as biochemical
markers of cardiovascular complications in chronic Dialysis patients. Acta
Medica International. 2015;2(1):57-64.

Source of Support: Nil, Conflict of Interest: None declared.

Handling Editor: Anjali verma

Acta Medica International 64




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


