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Evaluation of serum YKL-40 and cardiovascular risk in chronic
kidney disease
Fatma M.El Senosya, Mona M. Morsya, Nagwa A. Mohamedb, ALRomisa S.
Albannaa
Background Chronic kidney disease (CKD) is a worldwide
health problem. Patients with end-stage renal disease have
high prevalence of atherosclerosis and consequently
development of cardiovascular disease resulting in elevated
mortality rates. YKL-40 has been shown to play a role in the
pathogenesis of endothelial dysfunction, atherosclerosis, and
abnormal angiogenesis. It is closely related to the early and
late phases in the development of atherosclerosis.

Aim To study serum YKL-40 levels in patients with CKD and
to assess its correlation with high-sensitive C-reactive protein
(Hs-CRP) and carotid intima-media thickness (CIMT) as a
predictor for early atherosclerosis.

Patients and methods A cross-sectional study included 40
CKD patients. Group I was classified into: Ia which 20 patients
on regular hemodialysis and Ib which included 20 predialysis
patients’ CKD (stages 4–5), compared with 40 healthy
controls of the same age and sex (group II). Routine
laboratory investigations were done and serum Hs-CRP and
YKL-40 level were measured in both groups and healthy
controls. CIMT was measured by B-mode ultrasound.

Results There were a highly significant increase of serum
YKL-40 and Hs-CRP levels and intima-media thickness of
carotid artery in group I when compared with the control group
and a highly significant increase in group Ia in comparison to
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group Ib. There were highly significance positive correlations
between YKL-40 level and Hs-CRP, CIMT in groups Ia and Ib.

Conclusion The study concluded that the serum level of YKL-
40 is significantly elevated in patients with chronic renal failure
both hemodialysis and predialysis and there was significant
positive correlation between YKL-40 and CIMT as well as Hs-
CRP in all patients with chronic renal failure. We suggest that
YKL-40 had a role as an inflammatory marker and for early
detection of atherosclerosis.
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Introduction
Chronic renal failure (CRF) is a worldwide public health
problem [1]. Patients with CRF have significantly
increased risk of atherosclerosis and development of
cardiovascular disease (CVD) resulting in increased
mortality rates [2]. Atherosclerosis in patients with
chronic kidney disease (CKD) has many contributing
factors: one of them is chronic inflammation which has
animportanteffectonthevascularendotheliumleadingto
the development of CVD in patients with CRF [3].
Acute-phase protein and proinflammatory mediators
are increased, maybe, due to impaired renal functions or
dialysisper se [2].Awidearrayof inflammatorymediators
serve as indexesof inflammationandare also related to the
development of atherosclerotic CVD [4]; high-sensitive
C-reactive protein (Hs-CRP) is one of the inflammatory
biomarkers that is used to assess inflammation in CRF
patients. YKL-40 is one of the inflammatory biomarkers,
which is expressed by several cell types of the immune
system. It has an important role in the pathogenesis of
endothelial dysfunction, atherosclerosis, and abnormal
angiogenesis [5]. YKL-40 is expressed by macrophage
and the highest expression was found in macrophages in
early atherosclerotic lesions, suggesting that early
atherosclerosis can be detected by measurement of
serum YKL-40 [6]. Since the atherosclerotic changes in
the carotid artery are themirror reflection of pathological
events of generalized atherosclerosis, measurements of
intima-media thickness of carotid arteries by ultrasound
can be used as an indicator of atherosclerosis [7]. Carotid
intima-media thickness (CIMT) has proved to be a
noninvasive, sensitive, and specific quantitative measure
ofearlyatherosclerosis.Anincrementof0.1mminIMTis
associated with 24–31% increased risk of cardiovascular
mortality in dialysis patients.
Aim
This work was carried out to evaluate serum YKL-40
level in patients with CKD and to assess its correlation
with Hs-CRP (as established by inflammatory and
cardiovascular markers) and CIMT as a predictor for
early atherosclerosis [7].
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Patients and methods
Patients
This study included 40 patients with CKD (group I),
they were 19 men and 21 women and their ages ranged
between 25 and 65 years with a mean±SD of 42.05
±11.36. The duration of CKD ranged between 12 and
60 months), with a mean±SD of 41.85±10.57 months
and age-matched 40 apparently healthy participants as
a control (group II)

The patients were recruited from Internal Medicine
Department and Nephrology Unit in Al-Zahraa
University Hospital during the period from April
2014 to January 2015. From all participants
participating in the study an oral consent was taken.
Also approval of the ethics committee of Faculty of
Medicine, Al-Azhar University was obtained.

We classified our patients (group I) into two
subgroups: group Ia included 20 patients on regular
hemodialysis (HD) (10 men and 10 women); their ages
ranged between 25 and 65 years with mean±SD of
41.70±11.31 years. The duration of HD ranged
between 36 and 60 months with mean±SD of 36.30
±8.14 months and group Ib included 20 predialysis
patients’CKD (stages 4–5), they were nine men and 11
women, their ages ranged between 25 and 65 years with
mean±SD of 42.40±11.68 years.

Inclusion criteria
Adult patients with CKD with age more than 18 years,
not diabetic, or hypertension, or ischemic heart disease,
and with body mass index of less than 35 kg/m2.
Exclusion criteria
Patientswith acute or chronic known infection other than
pyelonephritis, CVD, diabetes mellitus, hypertension,
autoimmune disease, malignancy, chronic liver disease
(hepatitis B or C), or HIV infection were excluded from
the study.

All patients and control were subjected to the
following:
(1)
 Full history taking and full clinical examination.

(2)
 Five milliliters of fasting (12–16 h) venous blood

samples were collected from each participants
participating in the study and were divided into
two parts: The first part was 4ml of blood collected
in an EDTA containing tubes for the
determination of complete blood count on
Coulter counter-T890 (Coulter Counter,
Harpenden, UK). The second part was 4ml of
venous blood and was left to clot. Serum should be
separated from the cells as soon as possible by
centrifugation at 3000g for 5min. The separated
serum was stored at −20°C until analysis of fasting
blood glucose (immediately), kidney function tests,
albumin, lipid profile, Hs-CRP, and YKL-40.
(3)
 Determination of kidney function tests, albumin,
fasting blood glucose, and lipid profile were carried
out on Dimension RxL Max analyzer (Siemens
Healthcare GmbH − Henkestr, Erlangen,
Germany) by colorimetric techniques.
(4)
 Determination of Hs-CRP was performed by a
solid-phase immunosorbent assay (ELISA) [8]
and the kit was supplied by DRG International
Inc. (841 Mountain Avenue, Springfield, New
Jersey, USA).
(5)
 Estimated glomerular filtration rate (eGFR) using
modification of diet in renal disease formula [9]:

eGFR ¼ 186× serum creatinine

mg=dlð Þ�1:154 × age�0:203

× 1:212 if blackð Þ× 0:742 if femaleð Þ:
or

eGFR ¼ eGFR

¼ 170× serum creatinine mg=dlð Þ�0:999

× age�0:176 × 0:762 if femaleð Þ
× 1:180 if blackð Þ×BUN mg=dlð Þ�0:170

× albumin0:318:
Determination of serum YKL-40 was performed
using enzyme immunoassay method [10] and the
kit was supplied from MicroVue (Quidel
Corporation, San Diego, California, USA).

CIMT of carotid artery measurement was done by
(6)

using B-mode ultrasound with a high definition
L12-5 linear wideband probe (Philips HDI 5000,
Bothell, Washington, USA). Common carotid
artery IMT measurements of the proximal and
distal common carotid artery posterior wall were
done manually by the provided distance
measurement system of the sonography device
after magnification of the images.
Statistical analysis
Data were analyzed by Microsoft Office 2003 (Excel)
(Impressa Systems, Santa Rosa, California, USA) and
statistical package for social sciences, version 10.
Parametric data were expressed as mean±SD and
nonparametric data were expressed as number and
percentage of the total. Comparing (mean±SD) of
the two groups was done using the paired and
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unpaired Student’s t test. Determining the extent that a
single observed series of proportions differs from a
theoretical or expected distribution was done using
the χ2test. The correlation between different studied
parameters was done using Pearson’s correlation
coefficient. A P value more than 0.05 is considered
nonsignificant; P value less than 0.05 is considered
significant; and a P value less than 0.01 is considered
highly significant.
Table 2 Comparison between groups I and II

Parameters Group I Group II P
value

S

WBCs (/cmm) 6.88±1.92 6.05±0.94 <0.05 S

RBCs (/cmm) 3.61±1.00 4.14±0.35 <0.01 HS

Hb (g/dl) 9.90±1.91 12.17±0.71 <0.01 HS

Serum urea (mg/dl) 122.68
±43.41

19.55±4.89 <0.01 HS

Serum creatinine
(mg/dl)

5.45±2.10 0.85±0.19 <0.01 HS

eGFR (ml/min) 14.08±3.45 110.44
±19.38

<0.01 HS

LDL (mg/dl) 126.83
±18.78

105.28
±11.22

<0.01 HS

HDL (mg/dl) 43.85
±14.04

56.33
±11.52

<0.01 HS

Serum cholesterol
(mg/dl)

189.73
±26.92

165.83
±19.22

<0.05 HS

Serum TG (mg/dl) 115.58 87.48 <0.01 HS
Results
The causes of CKD in 40 patients studied: in group Ia
20 patients on regular HD. There were nine (45%)
patients who had bilateral small contracted kidneys,
five (25%) patients who had recurrent pyelonephritis,
four (20%) patients who had urinary tract blockages
and reflux, and two (10%) patients who had polycystic
kidneys, while in group Ib predialysis patients, there
were 10 (50%) patients who had urinary tract blockages
and reflux obstructive uropathy; seven (35%) patients
who had bilateral small contracted kidneys; and three
(15%) patients who had polycystic kidney (Table 1).

There were a highly significant increases in the mean
±SD of serum urea, creatinine in group I (122.68
±43.41, 5.45±2.10) when compared with group II
(19.55±4.89, 0.85±0.19), respectively (P<0.01). Also
there were a highly significant increase in the mean
±SD of serum low-density lipoprotein (LDL),
cholesterol, triglyceride (TG) in group I (126.83
±18.78, 189.73 ±26.92, 115.58±39.15) when
compared with group II (10528±11.22, 165.83
±19.22, 87.48±17.66), respectively (P<0.01). There
was a significant increase in the mean±SD of white
blood cells in group I (6.88±1.92) when compared with
group II (6.05± 0.94) (P<0.05), while there was a
highly significant decrease in the mean±SD of red
blood cells (RBCs), hemoglobin (Hb) in group I
(3.61±1.00, 9.90±1.91) when compared with group
II (4.14±0.35, 12.17±0.71), respectively (P<0.01).
There was a highly significant decrease in the mean
Table 1 Causes of chronic renal failure in group I (40 patients
with chronic kidney disease)

Causes of renal
failure

Total patients
(N=40)
[n (%)]

Group Ia
(N=20)
[n (%)]

Group Ib
(N=20)
[n (%)]

Small sized
kidneys

16 (40) 9 (45) 7 (35)

Urinary tract
blockages

14 (35) 4 (10) 10 (50)

Polycystic kidneys 5 (12.5) 2 (10) 3 (15)

Recurrent
pyelonephritis

5 (25) 5 (25) –
±SD of eGFR, serum high-density lipoprotein
(HDL), serum albumin in group I (14.08±3.45,
43.85 ±14.04, 3.72±0.38) when compared with group
II (110.44±19.38, 56.33±11.52, 4.50 ±0.45), respectively
(P<0.01) (Table 2).

There was a highly significant increase in mean±SD of
serumYKL-40, serumHs-CRP, and CIMT in group I
(286.45±44.60, 23.16±9.3, 0.72±0.14) when compared
with group II (62.19±14.11, 5.93±2.45, 0.26±0.13),
respectively (P<0.01) (Table 2, Fig. 1).

There was a highly significant decrease in the mean
±SD of RBCs, Hb in group Ia (20 patients on regular
HD) (3.22±1.18, 8.60±1.76) when compared with
group Ib (20 predialysis patients) (4.04±0.45, 11.20
±0.97), respectively (P<0.01). There was a highly
significant increase in the mean±SD of serum urea,
creatinine in group Ia (142.60±48.16, 6.70±2.21) when
compared with group Ib (102.75±26.68, 4.20±0.91),
respectively (P<0.01), while there was a highly
significant decrease in the mean±SD of eGFR,
serum HDL, in group Ia (11.12±2.49, 38.10±8.86)
±39.15 ±17.66

ALB (g/dl) 3.72±0.38 4.50±0.45 <0.01 HS

FBG (mg/dl) 94.92
±13.93

94.32
±10.47

>0.05 NS

Serum YKL-40 (ng/l) 286.45
±44.60

62.19
±14.11

<0.01 HS

Serum Hs-CRP (mg/l) 23.16±9.33 5.93±2.45 <0.01 HS

CIMT (mm) 0.72±0.14 0.26±0.13 <0.01 HS

Data are presented as mean±SD. ALB, serum albumin; CIMT,
carotid intima-media thickness; eGFR, estimated glomerular
filtration rate; FBG, fasting blood glucose; Hb, hemoglobin; HDL,
high-density lipoproteins; HS, highly significant; Hs-CRP, high-
sensitive C-reactive protein; LDL, low-density lipoproteins; RBC,
red blood cell; S, significant; S. TG, serum triglyceride; WBC,
white blood cell.



Figure 1

Comparison between groups I and II as regards serum YKL-40.

Table 3 Comparison between groups Ia and Ib

Parameters Group Ia Group Ib P
value

S

WBCs (/cmm) 7.75±2.20 6.00±1.05 >0.05 NS

RBCs (/cmm) 3.22±1.18 4.04±0.45 < 0.01 HS

Hemoglobin (mg/dl) 8.60±1.76 11.20±0.97 <0.01 HS

Serum urea (mg/dl) 142.60
±48.16

102.75
±26.68

<0.01 HS

Serum creatinine
(mg/dl)

6.70±2.21 4.20±0.9 1 < 0.01 HS

eGFR (ml/min) 11.12±2.49 19.42±7.01 <0.01 HS

HDL (mg/dl) 38.10±8.86 49.70
±15.85

<0.01 HS

Cholesterol (mg/dl) 204.15
±28.00

175.30
±16.30

<0.01 HS

TG (mg/dl) 134.20
±35.76

96.95
±33.73

<0.01 HS

LDL (mg/dl) 132.05
±19.76

121.88
±17.15

>0.05 HS

ALB (g/dl) 3.74±0.24 3.82±0.36 >0.05 NS

FBG (mg/dl) 95.48±9.50 94.37
±17.53

>0.05 NS

Serum YKL-40 321.80
±25.46

249.24
±25.78

<0.01 HS

Serum Hs-CRP (mg/l) 30.55±7.84 15.78±1.59 <0.01 HS

CIMT 0.80±0.10 0.63±0.12 <0.01 HS

Data are presented as mean±SD. ALB, albumin; CIMT, carotid
intima-media thickness; eGFR, estimated glomerular filtration rate;
FBG, fasting blood glucose; HDL, high-density lipoprotein; HS,
highly significant; Hs-CRP, high-sensitive C-reactive protein; LDL,
low-density lipoprotein; RBC, red blood cell; S, significant; TG,
triglyceride; WBC, white blood cell.
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when compared with group Ib (19.42±7.01, 49.70
±15.85), respectively (P<0.01) (Table 3).

There was a highly significant increase in the mean
±SD of serum cholesterol, TG, LDL in group Ia
(204.15±28.0, 134.20±35.76, 132.05±19.76) when
compared with group Ib (175.30±16.3, 96.95
±33.73, 121.88±17.15), respectively (P<0.01)
(Table 3). Also there was a highly significant
increase in the mean±SD of serum YKL-40, serum
Hs-CRP (CIMT), in group Ia (321.80±25.46, 30.55
±7.84, 0.80±0.10) when compared with group Ib
(249.24±25.78, 15.78±1.59, 0.63±0.12), respectively
(P<0.01) (Table 3, Figs 2–4).

In group I (40 patients with chronic kidney), there was
a significant positive correlation between serum YKL-
40 level and each of serum urea (P<0.05), serum
creatinine (P<0.01), total serum cholesterol
(P<0.01), serum TG (P<0.01) serum LDL
(P<0.01), serum Hs-CRP (P<0.01), and CIMT
(P<0.01), While there was significant negative
correlation between serum YKL-40 level and each of
eGFR (P<0.01), Hb level (P<0.01) and serum HDL
(P<0.01). Also there was nonsignificant negative
correlation between YKL-40 level and serum
albumin (P>0.05) (Table 4, Figs 5 and 6).

Regarding the correlation of serum YKL-40 level and
studied parameters in group Ia (20 patientswithCRFon
regular dialysis), there was positive correlation between
serum YKL-40 level and with each of serum albumin
(P<0.01),Hb level (P<0.01), and), and a nonsignificant
negative correlation was noted of serum urea (P<0.05),
serum creatinine (P<0.05), total serum cholesterol
(P<0.01), serum TG (P<0.01), serum Hs-CRP
(P<0.01), and CIMT (P<0.05). However, there was
negative significant correlation between serum YKL-40
and each of eGFR and LDL (P>0.05) (Table 5).

Among patients with CKD (predialysis group Ib) there
waspositive correlationbetweenserumYKL-40andeach



Figure 4

Comparison among groups Ia (under hemodialysis) and Ib (predialysis) as regards serum Hs-CRP. Hs-CRP, high-sensitive C-reactive protein.

Figure 2

Comparison between groups Ia and Ib as regards serum YKL-40

Figure 3

Comparison between groups Ia (under hemodialysis) and Ib (predialysis) as regards CIMT. CIMT, carotid intima-media thickness.

68 The Scientific Journal of Al-Azhar Medical Faculty, Girls, Vol. 2 No. 2, May-August 2018



Evaluation of Serum YKL-40 El Senosy et al. 69
of serum urea (P<0.05), serum creatinine (P<0.05),
serum Hs-CRP (P<0.01), and CIMT (P<0.05),
while a negative correlation was noted between serum
YKL-40 and Hb level (P<0.05) (Table 6).

A nonsignificance correlation was noted between
serum YKL-40 and each of eGFR, lipid profile
(total serum cholesterol, serum TG, LDL, HDL),
and serum albumin (P>0.05) (Table 6).
Discussion
In the present study, there is a high significant elevation
of serum level of both YKL-40 and Hs-CRP in all
patients with CKD (group I) compared with the
control (group II) and this elevation was more
Table 4 Correlation between YKL-40 level and some studied
parameters of group I

Parameters YKL-40 (r) P value S

eGFR −0.435 <0.01 HS

Serum urea 0.334 <0.05 S

Serum creatinine 0.449 <0.01 HS

LDL 0.330 <0.05 HS

HDL −0.455 <0.01 HS

Cholesterol 0.478 <0.01 HS

TG 0.343 <0.01 HS

ALB −0.345 >0.05 NS

Hb −0.487 <0.01 HS

Serum Hs-CRP 0.938 <0.01 HS

CIMT 0.347 <0.05 S

ALB, albumin; CIMT, carotid intima-media thickness; eGFR,
estimated glomerular filtration rate; Hb, hemoglobin; HDL, high-
density lipoprotein; HS, highly significant; Hs-CRP, high-sensitive
C-reactive protein; LDL, low-density lipoprotein; S, significant; TG,
triglyceride.

Figure 5

Correlation between YKL-40 level and CIMT level in group I. CIMT, caro
significant in HD patients (group Ia) than in the
predialysis (group Ib).

Moreover, therewas high significant positive correlation
betweenYKL-40andHs-CRPinall patientswithCKD
either in the predialysis or the HD group.

Johansen et al. [11] reported that plasma YKL-40
concentrations was decreased the renal vein
compared with the femoral artery. This finding
supports the renal clearance of YKL-40. Therefore,
it is reasonable to speculate that an increased level of
this glycoprotein may be due to decreased renal
clearance or dialysis procedure per se [12].

Schiavon et al. [13] and Lee and Elias [14]
demonstrated that YKL-40 is excreted by the kidney
and elevated serum YKL-40 level may be a
consequence of impaired clearance or catabolism of
YKL-40 in the kidney which may lead to the
accumulation of YKL-40 in the blood. This suggests
that elevated serum YKL-40 level was significantly
associated with elevated serum creatinine and urea in
predialysis and HD patients.

Pawlak et al. [15] found a fivefold higher YKL-40
levels in HD, especially in those with CVD.

Razeghi et al. [16] reported that increased marker of
inflammation in patients on regular dialysis has
increased the risk of cardiovascular events and death.
The high levels of CRP in HD patients become a
strong determinant of mortality and morbidity as
shown in many studies.
tid intima-media thickness.



Figure 6

Correlation between YKL-40 level and Hs-CRP in group I. Hs-CRP, high-sensitive C-reactive protein.

Table 5 Correlation between YKL-40 level and some studied
parameters of group Ia

Parameters YKL-40 (r) P value S

eGFR −0.166 >0.05 NS

Serum urea 0.456 <0.05 S

Serum creatinine 0.450 <0.05 S

LDL 0.153 >0.05 NS

HDL −0.047 <0.05 S

Serum cholesterol 0.009 <0.01 HS

TG 0.153 >0.05 NS

ALB −0.486 <0.01 HS

Hb −0.452 <0.01 HS

Serum Hs-CRP 0.983 <0.01 HS

CIMT 0.475 <0.05 S

ALB, albumin; CIMT, carotid intima-media thickness; eGFR,
estimated glomerular filtration rate; Hb, hemoglobin; HDL, high-
density lipoprotein; HS, highly significant; Hs-CRP, high-sensitive
C-reactive protein; LDL, low-density lipoprotein; S, significant; TG,
triglyceride.

Table 6 Correlation between YKL-40 level and some studied
parameters of group Ib

Parameters YKL-40 (r) P value S

eGFR −0.310 >0.05 NS

Serum urea 0.468 <0.05 S

Serum creatinine 0.477 <0.05 S

LDL 0.200 >0.05 NS

HDL −0.170 >0.05 NS

Serum cholesterol 0.093 >0.05 NS

TG 0.091 >0.05 NS

ALB −0.137 >0.05 NS

Hb −0.462 <0.05 S

Hs-CRP 0.955 <0.01 HS

CIMT 0.444 <0.05 S

ALB, albumin; CIMT, carotid intima-media thickness; eGFR,
estimated glomerular filtration rate; Hb, hemoglobin; HDL, high-
density lipoprotein; HS, highly significant; Hs-CRP, high-sensitive
C-reactive protein; LDL, low-density lipoprotein; S, significant; TG,
triglyceride.
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According to many studies CRP could be a powerful
predictor of mortality in dialysis patients; this finding
obtained from the study done by Zimmermann et al.
[17], revealed that patients with a CRP of more than
10mg/l have higher mortality rate when compared
with patients having a CRP of less than 10mg/l,
according to a 7-year follow-up. Moreover, another
study showed that the patients’ CRP level of 7.5mg/l
have 2.7 times higher mortality risk than patients with
a CRP level less than 3.3mg/l [18].

Our study has shown that serumYKL-40 has positively
correlated CRP level. In dialysis patients Hs-CRP is
the most powerful predictor of mortality [18].

Kanwar et al. [19] showed that Hs-CRP is the major
acute-phaseproteinandanestablishednonspecificmarker
of inflammation. A number of epidemiological studies
have shown that Hs-CRP is an important risk factor for
atherosclerosis and coronary heart disease. Pasceri et al.
[20] reported thatHs-CRPdirectly increased vascular cell
adhesionmolecules and intercellular adhesionmolecule in
human endothelial cells demonstrating the direct
proinflammatory effect of Hs-CRP.

Ridker [21] identified CRP as a marker of
inflammation and predictive factor for coronary
artery disease in patients with CKD and in general
population. This finding suggesting that inflammation
is an additional mechanism contributing to the
development of atherosclerotic disease.

One of the proinflammatory cytokines, interleukin-6
(IL-6) which has an important role in chronic
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inflammation, leads to the accumulation of
mononuclear cell at the site of injury and also CRP,
which is produced by the liver is regulated by IL-6 [22].
Another study reported that elevated IL-6
concentrations lead to increased concentrations of
YKL-40 [23].

IL-6 and YKL-40 are released from activated
macrophages at the site of inflammation, before the
appearance of the central inflammatory response and
then rapidly decline after beginning of antibiotic
therapy while the CRP remains high for a longer
time when compared with the results of Nordenbaek
et al. [24]. Studies evaluating its place in chronic
inflammatory states revealed different results, some
manifested positive correlations of YKL-40 with
Hs-CRP [25], while some did not [26].

Our study has shown high significant increase of
CIMT in group I in comparison to group II,
particularly in the HD group compared with the
predialysis one.

Early vascular changes in patients with CKD could be
obtained by measurement of IMT of carotid arteries
and can predict patients with high risk factor [27].

Another study done by Szeto et al. [28] found that
decreased kidney function is associated strongly with
faster change in CIMT. In this study, a higher value of
mean carotid CIMT was observed in patients with
CKD on HD and predialysis.

Our study is in agreement with Trimarchi et al.[29];
who showed that increased carotid artery IMT is
considered as a marker of early atherosclerotic
changes in CRF and has significantly increased
CVD risk in any age group.

Our study has shown that there is a positive correlation
between serum YKL-40 and CIMT; this result is in
agreement with Libby and Braunwald [30]; who
reported that some of the key elements in the early
development of atherosclerosis in humans are increased
transport of lipids across the endothelial vessel wall and
maturation of monocytes to macrophage in the arterial
intima layer. The activated macrophages secrete
inflammatory mediators that stimulate vascular
smooth muscle cells (VSMC) migration and
proliferation and participate in plaque development
and thrombus formation [30,31]. Therefore, one of
the indicators of the risk of developing an acute
coronary syndrome or death in CRF patients could
be the measure of the inflammatory activity in coronary
artery plaques [32].

As regards lipid profile, our results have shown a highly
significant increase in serum cholesterol, TG, LDL
levels in group I when compared with group II, and also
a highly significant increase in group Ia (HD patients)
when compared with group Ib (predialysis) for both.

Lipid abnormalities have been postulated to
contribute to the high incidence of CVD and they
are common in patients with CRF. Generally, uremia
is accompanied with elevated levels of TGs, total
cholesterol, and LDL cholesterol while usually with
decreased HDL cholesterol levels. This pattern of
lipid abnormalities is associated with accelerated
atherosclerosis [3].

Lipid parameters of our CRF patients were consistent
with the previous findings including a high significant
increase in serum cholesterol, TG, LDL cholesterol in
group I compared with the control, while HDL
cholesterol was significantly decreased, putting in
mind the significant increase was more in HD
patients than the predialysis group. We also
observed inverse relationships of HDL cholesterol
with Hs-CRP, YKL-40 as well as CIMT which is
in agreement with Keane et al. [33].

In agreement with our results, Nassiri et al. [34]; found
that more than 90% of HD patients were suffering
from dyslipidemia manifested by high levels of
cholesterol, TG, or both, and low levels of HDL
cholesterol. Also, our result agree with Liu et al.
[35], who reported that lipid abnormalities start
early in patients with CRF and progress with
declining of renal function and this leads to
cardiovascular disorders which may be the leading
cause of death in these patients.

Mora et al. [36] found that patients receiving dialysis
have elevated TG and more atherogenic lipid profile.
The majority of these patients have significantly
elevated levels of total and LDL cholesterol
markedly elevated apolipoprotein B and low level of
HDL cholesterol

Many studies have shown that with decreasing of GFR
there is an elevation of lipoproteins in both predialysis
and HD patients [37]. These results could be due to
increased synthesis by the liver or due to its decreased
catabolism in the kidneys.This decreased clearance could
be the result of loss in kidney function, in HD patients.
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Our results agree with Lowrie and Lew [38], who
found that there is a highly significant increase of
serum total cholesterol levels in HD patients
compared with the controls.

In our study, there was a significant decrease of serum
albumin levels in all patients with CRF, particularly in
the HD group. Moreover, there was significant
negative correlation between serum albumin and Hs-
CRP, YKL-40 as well as CIMT.

Malnutrition and hypoalbuminemia have been shown
to be important predictors of mortality and
hospitalization in patients with CRF, and an
association between the presence of cardiac disease
and hypoalbuminemia in HD patients has been
reported [39].

In agreement with our results Kaysen [40] found that
there was a negative correlation between acute-phase
proteins, such as Hs-CRP and serum albumin. Low
serum albumin concentration was used as an index of
malnutrition and was associated with increased
mortality risk in patients with renal replacement
therapy.

It is notable that most CKD patients with malnutrition
had signs of acute-phase response and/or carotid
plaques, suggesting that malnutrition is closely
associated with both atherosclerotic vascular disease
and inflammatory response. This could be the result of
acute-phase response in the liver induced by the
proinflammatory mediators leading to increase
albumin degradation. Accordingly, malnourished
patients had significantly elevated CRP indicating an
inflammatory process [41].

In CKD patients, an inverse correlation between CRP
level and serum albumin has been noticed and also an
association between CVD development and low serum
albumin levels has been shown. This can be explained
by the increased proinflammatory cytokines which
inhibit appetite, decrease albumin synthesis in the
liver, and decreased erythropoiesis in the bone
marrow [33].

Owen et al. [42] demonstrated that hypoalbuminemia
was a strong predictor of mortality in dialysis patients.

Also Kalantar-Zadeh et al. [43] showed higher
mortality in dialysis patients with lower albumin.
Many studies have shown that serial measurement of
serum albumin can even better predict chronic
inflammation and clinical events.
Looking at the results of all these studies, it is clear that
hypoalbuminemia is adversely associated with CVD in
end-stage renal disease. Stenvinkel et al. [39] were the
first to demonstrate that patients in predialysis CRF
with carotid plaque have lower serum albumin level.
Joki et al. [44] demonstrated that even in the predialytic
phase of CRF, hypoalbuminemia is an excellent
reflection of CVD.

These results indicate that elevated serum markers of
inflammation are associated with poor nutritional
outcome in end-stage renal disease patients resulting
in increased morbidity and mortality.

Our results have shown a highly significant reduction
of RBCs andHb in group I when compared with group
II, also a highly significant reduction of RBCs and Hb
in group Ia when compared with group Ib for both.

The hemopoietic response to inflammation includes
anemia secondary to reduced erythropoiesis. This has
been attributed to the inhibition of erythropoietin
secretion by proinflammatory cytokines [45].

Inflammation can also induce a functional iron
deficiency, as cytokines can inhibit the delivery of iron
from reticuloendothelial cells to hematopoietic cells.
Also, patients with high Hs-CRP levels showed poor
response to erythropoietin therapy meaning that the
patients had a low rise in Hb for the same dose of
erythropoietin. It has been reported that the dose of
erythropoietin required for maintaining a certain Hb
level in dialysis patientsmay be increased by 30 to 70% in
those individuals who have high Hs-CRP levels as
compared with those having lower values [46].

Francisco et al. [47] reported that blood loss either
occult or overt occurs in frequent blood sampling,
blood loss during HD, and gastrointestinal bleeding
due to increased bleeding tendency and gastritis caused
by uremia while Stenvinkel et al. [39] reported that
infection and inflammation to be another cause of
anemia in CRF.

Eschbach et al. [48] explained that bone marrow
suppression may also be present as a result of uremic
toxins as well as proinflammatory cytokines. Also
Macdougall [49] reported that the presence of uremic
inhibitors, for example, parathyroid hormone, spermine,
andaluminumtoxicity is another causeof anemia inCRF.

Levin et al. [50] reported that anemia leads to left
ventricular dilatation and/or left ventricular
hypertrophy.
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Many studies found anemia in renal impairment
patients and HD patients due to decreased
erythropoietin (the most important factor), iron
deficiency, folate deficiency, hemolysis, and bone
marrow fibrosis due to the shortened life span of RBCs.

Fishbane et al. [51] reported that anemia is a
predictable consequence of CRF and generally
develops long before the end-stage renal disease and
the main cause of anemia is erythropoietin deficiency
which is responsible for maintaining the proliferation
and differentiation of erythroid cell growth in the bone
marrow.
Conclusion
The study concluded that the serum level of YKL-40 is
significantly elevated in patients with CKD both HD
or predialysis and there was significant positive
correlation between YKL-40 and CIMT as well as
Hs-CRP in all patients with CKD. The association
between YKL-40 and the standard inflammatory
parameter, CIMT, and low serum albumin suggest
that YKL-40 had a role as inflammatory marker and in
the early detection of atherosclerosis.
Recommendation
Further studies are recommended to study the
relationship between serum YKL-40 concentration
and other early markers of kidney diseases as
cystatin C and neutrophil gelatinase associated
lipocalin and relation of it to the causes of CKD.
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