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ABSTRACT

Background/Aims: Fetuin-A, a glycoprotein with anti-inflammatory properties, plays an important role in
counter-regulating inflammatory responses. It has also been associated with insulin resistance and metabolic
syndrome. We aimed to investigate circulating concentrations of fetuin-A and its possible association with hepatic
and systemic inflammation in nondiabetic subjects with nonalcoholic fatty liver disease (NAFLD). Patients
and Methods: We included 105 nondiabetic male subjects with NAFLD [nonalcoholic steatohepatitis (NASH,
n=86) and simple steatosis (SS, n =19)]. Plasma levels of fetuin-A and markers of inflammation [high-sensitive
C reactive protein (hsCRP), tumor necrosis factor alpha (TNF-a), interleukin-6 (IL-6), and adiponectin] were
measured by enzyme-linked immunosorbent assay method. Insulin sensitivity was determined by homeostasis
model assessment of insulin resistance (HOMA-IR) index. Results: Fetuin-A was negatively correlated with
age (r=-0.27, P = 0.006), however there was no association between fetuin-A and body mass index, waist
circumference (WC), glucose, insulin, HOMA-IR, lipid parameters, and inflammatory markers. In addition,
no significant association was observed between fetuin-A and histological findings including liver fibrosis.
Conclusion: This study demonstrated that plasma fetuin-A levels are not correlated with the hepatic histology
and systemic markers of inflammation in nondiabetic subjects with NAFLD. Our data also suggested that
age is significantly associated with fetuin-A in this clinically relevant condition.
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Obesity-related nonalcoholic fatty liver disecase (NAFLD) is
the most common chronic liver disease in both the developed
and the developing countries. It has a broad spectrum
of manifestations ranging from simple steatosis (SS) to
nonalcoholic steatohepatitis (NASH) and cirthosis.!! Obesity,
hyperglycemia, type 2 diabetes (12D), and hypertriglyceridemia
are well-known risk factors for the development of NAFLD.
NAFLD is therefore regarded as a manifestation of the
metabolic (or insulin resistance) syndrome (MetS).[?!
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Fetuin-Ais a 64-kDa glycoprotein produced exclusively by the
liver and secreted into blood where it is found in relatively high
concentrations in humans.™! It binds and inhibits the insulin
receptor tyrosine kinase in skeletal muscle and hepatocytes,
inhibiting insulin signal transduction and resulting in insulin
resistance in these target tissues.*”! In the general population,
fetuin-A is associated with insulin resistance and obesity,**
and predicts the future risk of T2D." Higher fetuin-A levels
are also associated with NAFLD, and short-term diet and
exercise interventions results in decline in fetuin-A serum
levels commensurate with improvement in NAFLD.5) We
carlier reported that circulating fetuin-A is independently
associated with endothelial dysfunction and subclinical
atherosclerosis in patients with NAFLD.!!")

Current evidence indicates a pro-inflammatory role of
fetuin-A."! Tt was reported to be downregulated during
inflammation and inversely correlated with C-reactive

139

Volume 21, Number 3
Rajab 1436H
May 2015

The Saudi Journal of
Gastroenterology



Celebi, et al.

protein (CRP) level, a well-known marker of systemic
inflammation.">"* Therefore, in the present study, we aimed
to investigate the association of circulating fetuin-A with liver
histology and markers of systemic inflammation in subjects
with NAFLD. To prevent any interference of confounding
factors for inflammation, we studied a specifically selected

group having no additional disorders such as hypertension,
T2D, or morbid obesity.

PATIENTS AND METHODS

Study design and population

In this retrospective study, a total of 105 male subjects with
NAFLD (NASH, n = 86 and SS, n = 19) were enrolled.
Subjects were recruited from individuals attending
outpatient clinic of the Gastroenterology Department,
Gulhane School of Medicine, Ankara, Turkey. The study was
approved by the local ethics committee of Gulhane School
of Medicine (2013/15), which was conducted according to
the Helsinki Declaration.

Inclusion criteria were persistently (at least for 6 months)
clevated aminotransferases, ultrasonographic presence
of bright liver without any other liver or biliary tract
disease, and liver histology compatible with a diagnosis
of NAFLD. Subjects with the following conditions or
diseases were excluded; alcohol consumption =20 g/day
in the previous year, a positive test for hepatitis B surface
antigen, hepatitis C antibody, and other causes of liver
disease, serum creatinine >133 wmol/L, presence of T2D,
hypertension, morbid obesity [body mass index (BMI)
=40 kg/m?], any acute or chronic inflammatory disease
as determined by a leukocyte count >10,000/mm? or
clinical signs of infection, and history of major discases
such as generalized inflammation or advanced malignant
diseases, exposure to occupational hepatotoxins or drugs
known to be steatogenic or to affect glucose, and lipid
metabolism.

Clinical and laboratory data

All participants provided a medical history and underwent a
clinical examination. Body weight and height were measured
with a calibrated scale. Waist circumference (WCQC)
measurement was performed at the end of normal
expiration in duplicate on bare skin midway between
the lower rib margin and the anterior superior iliac crest.
BMI (kg/m?) was calculated as weight (kg) divided by
height (m) squared.

All subjects were screened with a standard 75-g oral glucose
tolerance test after a 10- to 12-h overnight fast and provided
the other conditions to perform the test (normal diet for
3 days before the test, abstention from smoking for > 24 h).
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Glucose tolerance status was determined according to the
classification of the American Diabetes Association in which
fasting plasma glucose (I'PG) levels up to 99 mg/dL are
considered normal and T2D is defined by a FPG level of
126 mg/dL or greater, or 2-h plasma glucose levels of 200 mg/
dL or greater.!"!

Fasting venous blood samples were collected into tubes
with anticoagulant (ethylene diamine tetra-acetate),
centrifuged at 3000g for 10 min at room temperature
and then stored at —80°C until the time of the assay. All
samples were assayed in duplicate. FPG, total cholesterol
(TC), triglyceride (T'G), and high-density lipoprotein
cholesterol (HDL-C) levels were measured by the enzymatic
colorimetric methods with Olympus AU2700 (Beckman
Coulter, USA) autoanalyzer by using commercially available
reagents. Low-density lipoprotein cholesterol (LDL-C)

was calculated by Fridewald’s formula.l™ The serum basal
insulin levels were measured by an ADVIA Centaur assay
(Siemens Medical Solutions Dlagnostlcs Tokyo, Japan).
Homeostasis model assessment of insulin resistance
(HOMA-IR) index was calculated according to the formula:
FPG (mg/dL) X fasting insulin (uU/mL)/405. HOMA-IR
index, which was originally reported by Matthews et al.,/'%l
has been shown to be well correlated with the results of the
cuglycemic-hyperinsulinemic clamp method to determine
insulin resistance.

High-sensitive CRP (hsCRP) level was determined in serum
by immune turbidimetric fixed rate method by Olympus
AU-2700 autoanalyzer (IHamburg, Germany). Intra-assay
and interassay CV were 5.8% and 3.1%, respectively.
The minimum detectable concentration for hsCRP
was 0.07 mg/L. Plasma fetuin-A levels were determined
by enzyme-linked immunosorbent assay (ELISA)
(Human fetuin-A ELISA Kit, Epitope Diagnostics, Inc,
San Diego, CA, USA). Minimum detectable concentration
for fetuin-A was 5 ng/mL. Intra-assay CV ranged from
4.8% to 5.5%, whereas interassay CV ranged from 5.7%
to 6.8%. Plasma adiponectin levels were determined by
Total Human Adiponectin ELISA Kit (TECOmedical
AG, Sissach, Switzerland). Plasma levels of tumor necrosis
factor-alpha (I'NF-o) and interleukin-6 (IL-6) were also
determined by Human TNF-a High Sensitivity ELISA
and Human IL-6 High Sensitivity ELISA kits (both from
eBioscience, Vienna, Austria). The minimum detectable
concentration for TNF-o and IL-6 were 0.13 pg/mL and
0.03 pg/mL, respectively. The calculated overall intra-assay
CV for TNF-o and IL-6 were 8.5% and 4.9%, whereas
the calculated overall interassay CV for TNF-o and 11-6
were 9.8% and 6.0%, respectively. Measurements were
carried out using ELISA plate reader Bio-Iek Synergy HT
(Biotek Instruments Inc., Winooski, VT, USA).



Liver histology

An experienced hepatopathologist blinded to subjects’ details
scored liver biopsy specimens using the semi-quantitative
classification of Kleiner et al.!'"!; SS (steatosis in the absence
of inflammation and ballooning hepatocyte degeneration),
borderline NASH (steatosis with minimal inflammation
and hepatocyte ballooning), and NASH (steatosis with
inflammation and hepatocyte ballooning, often with
fibrosis). In brief, the degree of steatosis, liver injury, and
inflammatory activity were scored using an 8-point scale
(steatosis 0-3; lobular inflammation 0-3; ballooning
hepatocyte degeneration 0-2). The NAFLD activity
score (NAS) is the unweighted sum of steatosis, lobular
inflammation, and hepatocellular ballooning scores.
The stage of fibrosis was scored using a 6-point scale
(la, b = mild (la)/moderate (1b) zone 3 perisinusoidal
fibrosis; 1c¢ = portal fibrosis only; 2 = zone 3 and
portal/periportal fibrosis; 3 = bridging fibrosis; 4 = cirrhosis).

Statistical analysis

Results are reported as the mean = standard deviation (SD)
and median (min-max). Differences between groups were
tested for significance by independent samples ¢-test,
Chi-square test and Mann—Whitney U test. The relationship
between variables was analyzed by Spearman’s and Pearson’s
correlation coefficient. Variables that were significantly
different between two groups were analyzed on multivariate
analysis. In addition, multivariate linear regression analysis
was used to assess the association between fetuin-A,
adiponectin, TNF-o,, IL-6, and hsCRP The statistical analysis
was carried out by using Statistical Package for the Social
Science (SPSS), version 15.0 (SPSS Inc., Chicago, IL, USA).
P < 0.05 was considered to be statistically significant.

RESULTS

The clinical and laboratory characteristics of the study
population are presented in Table 1. The average age of
the study participants was 31.8 years, and all of them were
male. The mean plasma level of fetuin-A was 74.41 ug/mL
and showed a normal distribution. The distribution of
histopathological parameters is shown in Table 2.

The clinical and laboratory features of the patients with
NASH and SS are shown in Table 3. There were no significant
differences in fetuin-A levels between patients with NASH
compared with those with SS. Significant differences were
found in AST (P = 0.007) and ALT levels (P = 0.012)
between two groups. However, no differences were found
for age, BMI, WC, glucose, insulin, HOMA-IR index, lipid
parameters, and inflammatory markers among the groups.

The clinical and laboratory features of patients with (n = 69) and
without (n = 30) fibrosis are shown in Table 4. A significantly

Fetuin-A levels in biopsy proven NAFLD patients

Table 1: Anthropometric and metabolic characteristics
of the study participants

Parameter NAFLD (n=105)
Age (year) 31.811£5.79
BMI (kg/m?) 28.55
SBP (mmHg) 125.2+13.1
DBP (mmHg) 67.2+10.2
Smoking (%) 22.9

WC (cm) 101.51+7.02
FPG (mg/dL) 93.64+11.14

Insulin (MU/L) 14.30 (5.36-53.78)

HOMA-IR 3.22 (1.13-13.68)
TC (mg/dL) 202.68+41.58
TG (mg/dL) 166.00 (44-617)
LDL-C (mg/dL) 124.49+33.28
HDL-C (mg/dL) 40.4816.52

AST (IU/mL) 47.00 (15-139)
ALT (IU/mL) 110.54+51.66
GGT (IU/mL) 64.17 (19-455)

0.72+0.13
74.41 (40.84-113.64)
3.97 (1.0-14.4)

11.18 (1.71-19.98)
IL-6 (pg/mL) 0.42 (0.09-1.43)
hsCRP (mg/L) 2.03 (0.37-15.69)
BMI: Body mass index, WC: Waist circumference, SBP: Systolic blood pressure,
DBP: Diastolic blood pressure, FPG: Fasting plasma glucose, TC: Total cholesterol,
TG: Triglyceride, LDL-C: Low-density lipoprotein cholesterol, HDL-C: High-density
lipoprotein cholesterol, AST: Aspartate aminotransferase, ALT: Alanine
aminotransferase, GGT: Gamma-glutamyltransferase, HOMA-IR: Homeostasis
model assessment of insulin resistance, hsCRP: High-sensitivity C-reactive
protein, TNF-a: Tumor necrosis factor alpha, IL-6: Interleukin-6

Creatinine (mg/dL)
Fetuin-A (ug/mL)
Adiponectin (ug/mL)
TNF-a (pg/mL)

Table 2: Distribution of histopathological findings in
subjects with NAFLD (n=105)

Histopathological feature n %

Steatosis (grade: 0/1/2/3) 6/32/36/31 70
Ballooning degeneration (grade: 0/1/2) 21/65/16 85
Lobular inflammation (grade: 0/1/2) 11/65/29 72
Fibrosis (stage: 0/1/2/3) 6/32/36/31 70

NAFLD: Nonalcoholic fatty liver disease

higher AST (P = 0.000) level was found in subjects with fibrosis
in comparison to subjects without fibrosis. On the other hand,
there was no significant difference between the two groups
regarding the other parameters studied.

In correlation analysis, fetuin-A was negatively correlated
with age (r = —0.27, P = 0.0006). However, there was no
association between fetuin-A and glucose, HOMA-IR
index, lipid parameters, NAS, and inflammatory markers,
including TNF-o., IL-6, hsCRP, and adiponectin. Moreover,
analysis of the plasma fetuin-A in relation to the histological
findings also showed no association between these
paramecters.
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Table 3: The clinical and laboratory features of the
patients with NASH and SS

Table 4: The clinical and biochemical characteristics
of subjects with and without fibrosis

Parameter NASH (n=86) SS (n=19) P
Age (yr) 31.41+5.56 33.58+6.56 0.141*
BMI (kg/m?) 28.42 (22-38) 28.55 (25-37) 0.461*
SBP (mmHg) 125.3+13.2 122.4+11.6 0.661*
DBP (mmHg) 67.3£10.1 66.3+9.8 0.872*¢
Smoking (%) 30.2 29.7 0.952%
WC (cm) 101.5947.43 126.0045.44 0.841*
FPG (mg/dL) 94.13+11.20 130.00+£10.82 0.335*
Insulin (MU/L) 14.67 (5.36-53.78)  11.17 (7.00-30.58) 0.110*
HOMA-IR 3.38 (1.13-13.68) 2.62 (1.41-7.76)  0.181*
TC (mg/dL) 199.33+£39.97 287.00+46.35 0.079*
TG (mg/dL) 153.18 (44-582) 232.00 (78-617)  0.144*
LDL-C (mg/dL) 122.08+32.48 198.00+£35.51 0.119*
HDL-C (mg/dL) 40.69+6.72 56.00+5.63 0.486*
AST (IU/mL) 51.50 (15-139) 35.00 (23-68) 0.007*
ALT (lU/mL) 116.42+54.20 83.95+25.27 0.012*
GGT (IU/mL) 57.00 (20-455) 56.00 (19-409) 0.944*
Creatinine 0.72+0.12 0.63%0.11 0.754+
(mg/dL) 0.104*
Fetuin-A 74.04 (40.84-113.64) 67.35 (46.68-93.93)

(Mg/mL)

Adiponectin 3.95(1.0-14.4) 4.28 (2.5-9.1) 0.769*
(ug/mL)

TNF-a (pg/mL)  11.31 (1.71-19.98)  11.00 (5.10-19.70) 0.752*
IL-6 (pg/mL) 0.43 (0.09-1.43) 0.36 (0.10-1.31)  0.234*
hsCRP (mg/L) 2.11 (0.37-15.69) 1.63 (0.51-11.71)  0.668*

*Mann-Whitney U test, *Independent samples t-test, and *Chi-square test.
BMI: Body mass index, WC: Waist circumference, SBP: Systolic blood pressure,
DBP: Diastolic blood pressure, FPG: Fasting plasma glucose, TC: Total
cholesterol, TG: Triglyceride, LDL-C: Low-density lipoprotein cholesterol,
HDL-C: High-density lipoprotein cholesterol, AST: Aspartate aminotransferase,
ALT, alanine aminotransferase; GGT, gamma-glutamyltransferase; HOMA-IR,
homeostasis model assessment of insulin resistance; hsCRP, high-sensitivity
C-reactive protein; TNF-a, tumor necrosis factor alpha; IL-6, interleukin-6

Because of the well-known relationship of fetuin-A with
MetS, M we also aimed to search the possible relationship
of this glycoprotein with MetS in subjects with NAFLD.
But, according to the National Cholesterol Education
Program (NCEP)!"! only seven of our patients had MetS,
we therefore could not analyze this relationship.

DISCUSSION

An increasing body of evidence suggests that fetuin-A
expression is significantly increased in subjects with
NAFLD.1202U In addition, circulating fetuin-A levels were
reported to be clevated in subjects with high liver fat and a
decrease in liver fat was accompanied by decrease in fetuin-A
concentrations.®! However, there are also contradictory
reports in the literature regarding the relationship of
circulating fetuin-A with NAFLD. For instance, Yilmaz et al.
reported no association between the serum fetuin-A and
NASH and this molecule was not different between subjects
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Parameter With fibrosis Without fibrosis P
(n=69) (n=36)

Age (year) 31.871+5.62 31.71£6.19 0.895*
BMI (kg/m?) 28.57+3.40 28.49+2.10 0.461*
SBP (mmHg) 124.3£13.2 123.4+11.6 0.651*
DBP (mmHg) 68.3+10.1 65.319.8 0.862*
Smoking (%) 30.3 29.6 0.942%
WC (cm) 102.04+7.93 100.39+4.51 0.318*
FPG (mg/dL) 94.06+£10.85 92.83+£11.79 0.597+
Insulin (MU/L) 15.37 (5.36-53.78)  11.69 (5.85-30.58)  0.150*
HOMA-IR 3.50 (1.29-13.68) 2.76 (1.13-7.76) 0.184*
TC (mg/dL) 200.72+43.70 206.42+37.47 0.508*
TG (mg/dL) 166 (49-582) 170 (44-617) 0.965*
LDL-C (mg/dL) 121.24+35.08 130.64+29.01 0.171*
HDL-C (mg/dL) 41.0346.72 39.4246.06 0.231*
AST (IU/mL) 52 (15-139) 40 (25-118) 0.006*
ALT (IU/mL) 116.03+51.31 100.03+51.40 0.133*
GGT (IU/mL) 60 (20-455) 54 (19-259) 0.328*
Creatinine 0.71+£0.12 0.62+0.11 0.744*
(mg/dL)

Fetuin-A 75.80+£15.62 72.74+14.28 0.334*
(ng/mL)

Adiponectin 4.04 (1.0-11.1) 3.82(1.5-14.4) 0.710*
(pg/mL)

TNF (pg/mL) 11.70 (1.71-19.39) 10.40 (4.15-19.97)  0.154*
IL-6 (pg/mL) 0.49 (0.12-1.43) 0.25 (0.08-1.31) 0.001*
hsCRP (mg/L) 2.22 (0.37-15.69) 1.73 (0.37-11.82) 0.668*

*Mann-Whitney U test, *Independent samples t-test, *Chi-square test. BMI:
Body mass index, WC: Waist circumference, SBP: Systolic blood pressure,
DBP: Diastolic blood pressure, FPG: Fasting plasma glucose, TC: Total
cholesterol, TG: Triglyceride, LDL-C: Low-density lipoprotein cholesterol,
HDL-C: High-density lipoprotein cholesterol, AST: Aspartate aminotransferase,
ALT: Alanine aminotransferase, GGT: Gamma glutamyltransferase, HOMA-IR:
Homeostasis model assessment of insulin resistance, hsCRP: High-sensitivity
C-reactive protein, TNF: Tumor necrosis factor, IL-6: Interleukin-6

with NASIT and SS. But they found a significant association
of fetuin-A with liver fibrosis and insulin resistance as assessed
by the HOMA-IR index.?? On the other hand, in a study
by Haukeland et al. there were no significant differences
in fetuin-A levels between patients with NASH compared
with those with SS, and no significant differences were
observed according to fibrosis stage, or according to degree
of liver steatosis. Among controls, fetuin-A levels positively
correlated with serum ALT" but not with other measured
variables.? In the present study, no difference was observed
regarding the fetuin-A plasma levels between NASII and SS
groups and also patients with and without fibrosis. Moreover,
we did not find any association of circulating fetuin-A
with liver histology and insulin resistance in subjects with
NAFLD. We suggest that the discrepant findings of the
studies mentioned above were likely due to differences in
the populations of patients enrolled, as we excluded subjects
with T2D, hypertension and morbid obesity. Hence, it is well



known that all these metabolic confounders may affect the
circulating fetuin-A concentrations. ! In light of these data,
our findings further support the hypothesis that fetuin-A
per se is not associated with NAFLD and insulin resistance
is the key factor for the relationship of this protein with this
clinically relevant condition.®?! In fact, it is still uncertain
whether fetuin-A directly contributes to the development of
NAFLD, whether elevated blood levels reflect the presence
or severity of NAFLD, or whether other unidentified factors
simultaneously influence both.

The liver orchestrates a host defense response by altering the
synthesis and systemic release of acute phase proteins (APP),
such as fetuin-A, also termed the a2-Heremans-Schmid
glycoprotein.*”) Fetuin-A has been reported to be an
anti-inflammatory molecule that participates in macrophage
deactivation, antifibrotic activity, and inhibition of
apoptosis of vascular smooth muscle cells.*s?% The
expression of fetuin-A was reported to be counter-regulated
by proinflammatory cytokines such as TNF-o, IL-1, and
IL-6, classifying it as a negative APPP!32 In addition,
prior studies suggest that levels of circulating fetuin-A
fall during inflammation.” It has been shown that
fetuin-A administration significantly inhibits TNF-ot in an
experimental model.P* Recently, Memoli et al. reported
that IL-6 induces significant down regulation of fetuin-A
expression in human hepatocytes. However, contradictory
results have also been published regarding the relationship
of fetuin-A with pro- and anti-inflammatory cytokines in
clinical studies. A recent study reported that the secreted liver
protein fetuin-A induces low-grade inflammation in terms of
TNF-otand IL1- mRNA expression and represses adiponectin
production in animals and in humans.!""! In another study,
a reciprocal change was observed between fetuin-A and
adiponectin levels in subjects of different glycemic status.
However, further analysis showed no significant association
between fetuin-A and adiponectin.?® Serum fetuin-A
concentrations were negatively correlated with hsCRP levels
in subjects with coronary artery disease.’”! On the other
hand, no significant association was found between fetuin-A
and hsCRP levels in other studies.?>*! Moreover, plasma
fetuin-A levels were reported to be elevated in patients after
ischemic stroke, implying that fetuin-A may also function
as a positive APP##

In our study, we could not find any association of plasma
fetuin-A with adiponectin, TNF-a, IL-6, and hsCRP levels in
subjects with NAFLD. Consequently, there were significant
differences regarding the relationship of fetuin-A with
markers of inflammation in these studies mentioned above.
We suggest some possible explanations for the different
results of these studies. First, when the above-mentioned
studies were analyzed separately, it can be seen that some of
the subjects with NAFLD had metabolic confounders such

Fetuin-A levels in biopsy proven NAFLD patients

as morbid obesity, T2D, and hypertension. In addition, some
of these patients were also using medications related to these
metabolic problems.*!"' It has been reported that circulating
levels of inflammatory cytokines may be casily affected
by these metabolic risk factors and by the drugs that are
commonly prescribed for these metabolic problems. 2!+
So, previous data regarding the association of fetuin-A with
inflammation might be affected by these confounders.
For this reason, we excluded these possible metabolic
confounders in the present study. Secondly, mean age of the
participants in our study was less than that of the subjects
in the previous studies. In literature, fetuin-A has been
shown to be negatively associated with age.”! Although
the mechanism of aging related decrease in fetuin-A is still
unknown; our study provides further evidence that age is
inversely associated with fetuin-A levels. So, age may be an
important determinant for the levels of circulating fetuin-A
in NAFLD. Finally, as recently reported, genetic factors may
also affect the fetuin-A concentrations independently from
inflammation.*!

Our study has several limitations. Iirst, because of the
small number of patients and the strict inclusion criteria,
the findings obtained are not representative for all subjects
with NAFLD. But we think that the design of our study
was a requirement for the goals to achieve. Second, all
participants were men, and that it remains to be determined
if these results are similar even in women. Last, although it
is simple, noninvasive, and known to be correlated well with
clamp test, the HOMA-IR formula used to calculate insulin
sensitivity in this work is only an estimate and cannot be as
accurate as the euglycemic hyperinsulinemic clamp method.

In conclusion, we demonstrated that plasma fetuin-A levels
are not related to the liver histology and systemic markers
of inflammation in nondiabetic male subjects with NAFLD.
Our data also suggest that age is significantly associated with
circulating fetuin-A in this clinically relevant condition.
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