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ABSTRACT

Hemodialysis patients have extremely increased cardiovascular mortality. Vascular calcification, inflammation, and low serum 
fetuin-A levels are implicated for increased mortality. In this study, relationship between coronary artery calcification, inflammation, 
and serum fetuin-A levels were investigated. Seventy-eight hemodialysis patients (38 male, 40 female, mean age: 52±14.5 years) 
were included. All patients were on dialysis for more than 6 months. Coronary artery calcium scores (CACS) are determined by 
electron-beam computed tomography. Serum CRP, IL-1β, IL-6, TNF-α, and serum fetuin-A levels were measured. Mean CACS 
value was 488.5±94.5. Serum fetuin-A levels were negatively correlated with CACS (r:−0.30, P=0.009). Patients are divided 
into two groups according to total CACS value; group 1 (CACS <10), group 2 (CACS ≥10). There was a statistically significance 
difference in fetuin-A levels between CACS group 1 and group 2 (P=0.001). In this study, serum fetuin-A levels were associated 
with total CACS. This Fetuin-A may play a role in increased mortality in this group of patients via facilitating CAC. 
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Introduction

The most common cause of death in dialysis patients 
is cardiovascular disease (CVD). When compared with 
general population, CVD in patients with end stage renal 
disease (ESRD) is 10-20 times higher despite recent 
developments in renal replacement therapies (RRT).[1] 
This can be attributed to many factors including advanced 
age, atherosclerosis, endothelial dysfunction (ED), 
hypertension, anemia, hyperparathyroidism, chronic 
inflammation, diabetes, and its macro-microvascular 
complications, left ventricular hypertrophy (LVH, 
malnutrition and vascular calcification (VC). Coronary 
artery calcification (CAC) is a part of extended state of VC 

which can be detected even in early decades of patients 
with ESRD.[2] This may be contributing to premature 
CVD and markedly increased mortality in patients with 
ESRD. The presence of VC (including CAC) appears to 
correlate with impaired calcium-phosphorus metabolism 
that can be extensively seen in patients with ESRD. 
However, there were no spectacular changes in VC with 
the use of calcium containing phosphate binders in this 
population. Therefore, additional clinical factors such as 
advanced age, vitamin D therapy, dialysis vintage, and 
cellular factors rather than only a passive process due 
to calcium-phosphate deposition in the vessel wall. [3] 
This suggests that VC is an orchestrated event that can 
be attributed to programmed process regarding both 
active inflammation and osteogenesis at vascular level. 
The coronary artery calcification score (CACS) in uremic 
patients receiving hemodialysis reflects the severity 
of atherosclerotic vascular disease and predicts the 
cardiovascular events.[4,5]

Fetuin-A is a hepatocyte-derived serum protein (molecular 
weight, ~60 kD). Serum concentrations are relatively 
high with levels between 0.5 and 1.0 g/l in average 
populations. Fetuin-A is an inhibitor of calcification, 
limiting hydroxyapatite crystal formation.[3]

In the present study, we aimed to investigate the 
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relationship between fetuin-A, inflammation markers 
such as interleukin (IL) 1b, IL-6, TNF-a, and CRP and 
coronary artery calcification in patients with ESRD 
receiving hemodialysis.

Patients and Methods

Patients
This was a cross-sectional study involving ESRD patients 
who had been on hemodialysis for at least 6 months 
in Hemodialysis Unit of Istanbul University Istanbul 
School of Medicine, Istanbul, Turkey. Exclusion criteria 
included (i) congestive heart failure, (ii) the presence of 
active infections, (iii) autoimmune disease, (iv) primary 
hyperparathyroidism, (v) calcium supplements, calcium 
containing phosphate binders, and vitamin D treatment. 
Out of a total of 108 patients, 6 patients had congestive 
heart disease with the clinical evidence of heart failure 
(NYHA class III-IV), 4 patients had active infections,  
3 patients had primary hyperparathyroidism, 5 patients 
had autoimmune disease and 12 patients had valvular 
heart disease. None of the patients had arrhythmia based 
on ECG. Four patients were on non-calcium containing 
phosphate binder therapy. None of our patients were 
taking calcium-containing phosphate binders.

Remaining 78 (38 women, 40 men) patients were 
enrolled in the study. Hemodialysis modality includes 
conventional 4-h HD three times a week with polysulfone 
dialysers. A 250 ml/min (range 200-300 ml/min) of 
mean blood flow rate was obtained during dialysis 
sessions. Dialysate fluid composition includes 140 mEq/l 
of sodium, 1-4 mEq/l of potassium, 3 mEq/l of calcium, 
1.8 mEq/l of magnesium, and 33 mEq/l of bicarbonate. 
Urea (Kt/V) values were calculated by Daugirdas second 
generation formula.[6] Demographic data, medications, 
primary cause of ESRD and dialysis duration were 
recorded. Systolic and diastolic blood pressures were 
measured on the non-fistula arm in an upright sitting 
position after at least 5 min of rest using an Erka 
sphygmomanometer (PMS Instruments Ltd, Berkshire, 
UK) of appropriate cuff size. Two readings were recorded 
for each individual, and the average was defined as 
the subject’s blood pressure. Patients with systolic and 
diastolic blood pressure above 140 and 90 mmHg, 
respectively, or those receiving antihypertensive 
medications were assumed as hypertensive.

Thirty patients were on treatment with antihypertensive 
drugs (13 of them on angiotensin-converting enzyme 
(ACE) inhibitors, 12 of them receiving angiotensin 
receptor blocker (ARB) and 5 of them both receiving 
Calcium channel blocker and ACE inhibitors. 

The study protocol was approved by the institutional 
medical ethics committee of Istanbul University and 
written informed consent was obtained from all subjects 
included in the study.

Venous blood samples for biochemical analyses were 
drawn after an overnight fast between 8:00 p.m. and 
8:00 a.m. at a single midweek dialysis session. All 
biochemical analyses including glucose, creatinine, total 
cholesterol, low-density lipoprotein (LDL) cholesterol, 
high-density lipoprotein (HDL) cholesterol, and plasma 
triglyceride concentrations were performed by an oxidase-
based technique at Roche/Hitachi Modular System 
(Mannheim, Germany) in the Central Biochemistry 
Laboratory. Serum fetuin-A (Biovender Research and 
Diagnostic Products), interleukin (IL) 1b (Biosource 
Europe S.A. Belgium), IL-6 (Biosource Europe S.A. 
Belgium) and TNF-a (Biosource Europe S.A. Belgium) 
levels were performed via ELISA kit method (Biotech 
Instruments ELx800).

Coronary artery calcium scoring (CACS) was performed 
by a 16-MDCT scanner (Sensation 16, Siemens Medical 
Solutions, Erlangen, Germany). CACS were calculated 
by as described by Agatston et al.,[5] A calcification 
was defined as a minimum of two adjacent pixels 
(>0.52 mm2) with a density over 130 Hounsfield units. 
The peak intensity (in Hounsfield unit) and area (in 
square millimeter) of the individual calcifications were 
calculated. Scores were obtained by multiplying each 
area of interest by a factor indicating peak density 
within the individual area. Image quality and scoring 
accuracy were assessed by one radiologist who carefully 
made vessel-byvessel and calcific focus-by-calcific focus 
inspections of each image. The radiologist was blinded 
to the clinical and laboratory results of the patients. The 
intraobserver coefficient of variation for CACS was 2.5%.

The statistical analysis was carried out by the Statistical 
Package for Social Sciences for Windows ver. 15.0 
(SPSS Inc., Chicago, IL, USA). Datawere expressed as 
the mean±SD, with a significance level of P<0.05. 
For dichotomous variables, the frequency of positive 
occurrences were givenalong with their corresponding 
percentages. Statistical comparisons of individual groups 
were based on Student’s t-test for continuous variables 
whereas the correlations between groups were evaluated 
by Spearman test. 

Significant determinants (age, URR, Kt/V, fetuin-A, uric 
acid, TNF-a, and hypertension) identified from this 
analysis were studied in a stepwise multiple regression 
model. 
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Results

Demographic, clinical characteristics and biochemical 
parameters, fetuin-A levels, inflammation parameters, 
and CAC scores of the patients are depicted in Table 1. 
The etiology of the ESRD patients include diabetic 
nephropathy (n=9), chronic glomerulonephritis (n=15), 
hypertensive nephropathy (n=30), polycystic kidney 
disease (n=7), nephrolithiasis (n=13), and unknown 
(n=4). 

Mean CACS value of 78 hemodialysis patients was 
488.5±94.5. Patients were divided into two groups 
according to total CACS value; group 1 (CACS <10), 
group	2	(CACS	≥10)	[Table	2].	CACS	was	associated	with	
increased age, BMI, and decreased URR and Kt /V [Table 
2]. Serum fetuin-A levels were negatively correlated 
with log of total CACS (r2: 0.50) [Figure 1]. There was 
a statistically significant difference in fetuin-A levels 
between total CACS group 1 and group 2 (P=0.001).

A significant association was found between total CACS 
and TNF-a. There was no relationship between CACS 
and other inflammation markers (hs-CRP, IL-1b, IL-6) 
[Table 2].

Logistic regression analysis to determine independent 
predictors of total CACS including patient’s age, serum 
uric acid, fetuin-A and TNF-a levels, URR, Kt /V and being 
hypertensive are detailed in Table 3. In the stepwise 
analysis, patients age and fetuin-A levels were found to 
be	independent	predictors	of	CACS	≥10.

Discussion

The main finding of this cross-sectional study was that 
the extent of coronary artery calcification detected by 
multidetector computed tomography in HD patients is 
associated with patients age, BMI, Kt /V, fetuin-A, and 
TNF-a level. 

Coronary artery calcification score is regarded as an index 
of the severity of atherosclerotic vascular disease; helps to 

Table 1: Demographic, clinical and biochemical 
parameters of study subjects

Patients
(Mean±SD)

(n=78)
Male/female 38/40
Age (years) 52±15
Dialysis vintage (months) 60±41
Body mass index (kg/m2) 24.2±3.7
Systolic blood pressure (mmHg) 126±19
Diastolic blood pressure (mmHg) 75±10
Hypertension 38% (n=30)
Diabetes 11.5% (n=9)
Albumin (g/dl) 3.9±0.29
Ferritin (ng/ml) 696±499
Triglyceride (mg/dl) 181±116
Cholesterol (mg/dl) 166±39
Uric acid (mg/dl) 6.9±0.2
Calcium (mg/dl) 8.8±0.5
Phosphor (mg/dl) 4.9±1.4
Ca × phosphorus (mg2/dl2) 43.6±13.2
iPTH (pg/ml) 344±33
Hemoglobin (g/dl) 10.9±1.56
URR 78.4±7.0
URR = Urea reduction rate; iPTH = Intact parathyroid hormone

Table 2: Demographic chracteristics, biochemical 
parameters, fetuin-A and inflamation markers of patients 
according to total coronary artery calcification scores
Parameter CACS Group 1 

(CACS <10)
(Mean ± SD)

CACS Group 2 
(CACS ≥10)
(Mean ± SD)

P value

Age (year) 44±15 56±13 0.001
Male/Female (n) 8/17 30/23 NS
BMI (kg/m2) 23.4±4.0 24.6±3.6 NS
Dialysis vintage 
(month)

52±39 63±43 NS

SBP (mmHg) 128±21 125±18 NS
DBP (mmHg) 77±10 74±11 NS
Uric acid (mg/dl) 6.1±1.3 6.7±1.1 0.038
Kt /V 2.1±0.6 1.8±0.4 0.012
URR 80.7±8.1 77.4±6.3 0.050
Calcium (mg/dl) 8.8±0.5 4.6±1.3 NS
Phosphor (mg/dl) 4.6±1.3 5.1±1.5 NS
Ca × P (mg2/dl2) 40.4±12 45.2±14 NS
iPTH (pg/ml) 281±52 374±42 NS
Total cholesterol 
(mg/dl)

156±39 172±39 NS

Triglyceride (mg/dl) 154±23 194±16 NS
Albumin (g/dl) 3.9±0.3 3.9±0.2 NS
Fetuin-A (ng/ml) 24.7±7.5 12±7.4 <0.001
IL 1-b (pg/ml) 0.95±0.1 1.3±0.3 NS
IL-6 (pg/ml) 11.5±2.9 8.6±7.6 NS
TNF-a (pg/ml) 29.2±10.2 34.6±9.4 0.025
CRP (mg/l) 1.7±0.5 1.9±0.3 NS
SD = Standard deviation; NS = Not significant; iPTH = Intact parathyroid 
hormone; BMI = Body mass index; BP = blood pressure; IL = Interleukin;  
TNF = Tumor necrosis factor; CRP = C-reactive protein

Table 3: Multivariate analysis of significant variables 
between coronary artery calcification scores
Variable B Standard 

error
Beta P Odds 95% CI

Age (years) 0.147 0.066 4.884 0.027 1.158 1.017-1.319
Uric acid  
(mg/dl)

-0.093 0.508 0.034 0.854 0.911 0.337-2.463

Kt /V -1.833 3.123 0.344 0.557 0.160 0.000-72.915
URR -0.047 0.247 0.036 0.850 0.954 0.589-1.547
TNF-a (pg/ml) 0.121 0.085 2.023 0.155 1.129 0.955-1.333
Fetuin-A  
(ng/ml)

-0.115 0.034 11.712 0.001 0.891 0.834-0.952

Hypertension 2.126 1.463 2.110 0.146 8.379 0.476-147.500

Last step 
variable

B Std. 
Error

Beta P Odds 95% CI

Age (years) 0.143 0.063 5.155 0.023 1.154 1.020-1.306
Fetuin-A  
(ng/ml)

-0.114 0.032 12.265 0.001 0.893 0.838-0.951

Dependent variable: Total CACs ≥10 R 2=0.59, P=0.001



Indian Journal of Nephrology 93April 2011 / Vol 21 / Issue 2

Turkmen, et al.: Fetuin-A, inflammation, and coronary artery calcification in hemodialysis patients

anatomically assess the coronary artery disease and may 
also predict future adverse cardiovascular events, especially 
in ESRD patients.[7] Fetuin-A, is one of the inhibitor of soft 
tissue and vascular calcification. There are conflicting 
results about relationship between fetuin-A levels and 
CACS in ESRD patients. As previously mentioned in 
hemodialysis population there is a significant correlation 
between serum fetuin-A and CACS of ESRD patients.[8-12] 
However, Hermans et al. showed no difference between 
ESRD and healthy subjects when compared according 
to their serum fetuin-A levels[13] and Mehrotra et al.,[14] 
demonstrated an association between fetuin-A levels 
and a calcification in non-dialyzed patients with diabetic 
nephropathy. In the present study, we found an inverse 
relationship between total CACS and fetuin-A levels. In 
subgroup analysis according to levels of CACS, age and 
fetuin-A were statistically and independently significant 
between CACS group 1 and group 2 when a stepwise 
fashion of logistic regression analysis was used. Our results 
are consistent with previous studies that demonstrated 
negative correlations with VC and fetuin-A.[15,16] 

Some inflammation markers such as hs-CRP, IL-6 and 
fibrinogen have been found to be associated with 
atherosclerosis in ESRD patients.[17-19]	However,	Calıskan	
et al.,[15] found no correlation between hs-CRP levels and 
CACS. In our study there was no correlation between 
total CACS and IL-1b, CRP, and IL-6. An association was 
seen with TNF-a, but in the stepwise analysis, it was 
not found an independent predictor of CACS. Thus, 
beyond the effect of inflammation, the role of serum 

fetuin-A levels in vascular calcification may be far more 
complex than previously thought.[16] The differences 
may be consistent with a different pathogenetic role of 
fetuin-A in different stages of chronic renal disease. [14] 
Additionally, to assess the relationship between vascular 
calcification and serum fetuin-A levels in a cross-
sectional study may be difficult, as vascular calcification 
is a slowly progressive process and serum fetuin-A 
levels may fluctuate, possibly dependent on flares of 
inflammation. 

The other risk factor associated with increased CACS in 
ESRD patients is advanced age.[3] In the present study, 
age was found to be a predictor of CACS. This finding 
could be attributed to increased plaque burden and 
inflammation with aging.

Hypertensive patients are more prone to atherosclerosis 
and vascular calcification.[20] Jensky et al., recently 
demonstrated that different measures of BP are associated 
with significant calcification in multiple vascular beds 
and that these associations vary with age.[21] In our 
study, hypertensive patients were on antihypertensive 
medications including ACE-inhibitors, ARBs and CCB 
and hypertension is not found a predictor of CACS in 
multiple regression analysis. Possibly, limited number of 
hypertensive patients might play a role in this finding in 
our study.

In conclusion, our study investigated a larger population 
not limited to diabetic ESRD patients. In the present study 
we found a negative relationship between fetuin-A levels 
and total coronary artery calcification scores. This result 
is consistent with the other results obtained in different 
studies.[15] Our study has some limitations; first, this is 
a cross sectional analysis of ESRD patients regarding 
vascular calcification and fetuin-A. Second, the sample 
size was relatively small. Another potential limitation is 
that computed tomography cannot determine whether 
calcium is in the intima or media of the arterial wall. 
Since this is not a prospective controlled study we can 
not draw cause and effect relations from our findings. 
Further experimental and clinical studies are needed to 
determine the exact relationship between factors that 
induce and inhibit vascular calcification.
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