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function in subjects with normal kidney function.
Introduction: The aortic pulse wave velocity (aPWV) is a predictor for cardiovascular mortality. Fetuin-A is a
calcification inhibitor and correlates negatively with increased vascular stiffness in dialysis patients. The
fetuin-A polymorphism (Thr256Ser) is associated with reduced fetuin levels and accelerated vascular
calcification in dialysis patients. Little is known about the role of fetuin-A as an independent predictor for the
development of arterial stiffness in healthy subjects.
Materials and methods: We studied 116 subjects with normal kidney function (age 47±12 years, 50 females
and 66 males) of the FLEMENGHO study. Calcium measurements, plasma fetuin-A, its encoding gene
(Thr256Ser) and indexes of arterial stiffness, such as aPWV and arterial distensibility, were determined.
Results: Fetuin-A levels were negatively correlated with aPWV (r=−0.21, p=0.029). After an adjustment for
multiple covariables, fetuin-A levels were independently associated with aPWV (r=−0.30, p=0.022) in males
but not in females. Male fetuin-A SerSer carrier had lower fetuin-A levels and higher aPWV (fetuin-A: 61.9±
29.0 μg/ml; aPWV: 14.3±0.9 m/s) as compared to ThrThr (fetuin-A: 109.9±54.9 μg/ml; aPWV: 6.4±1.3 m/s)
and ThrSer carrier (fetuin-A: 100.8±52.5 μg/ml; aPWV: 6.6±1.3 m/s). Other calcium variables were not
significantly associated with arterial stiffness.
Conclusion:With respect to common calciumvariables, only fetuin-A level showed an inverse relationwith aPWV
in men with normal renal function. Male fetuin-A SerSer carriers demonstrate particularly high aortic stiffness,
possibly implying a status of increased cardiovascular risk.

© 2008 Elsevier B.V. All rights reserved.
1. Introduction

During a person's lifetime, as a consequence of atherosclerosis or
other pathological processes, the aorta stiffens. The aortic pulse wave
velocity (aPWV) reflects central arterial stiffness and represents a
predictor of cardiovascular outcomes above and beyond traditional
cardiovascular risk factors [1], such as oxidative stress, accumulation
of glycosylation endproducts and inflammation [2]. Furthermore,
abnormalities in calciummetabolism and loss of bonematrix proteins,
such as fetuin-A, are important risk factors for arterial wall calcifica-
tion and mortality [3,4].

Fetuin-A (α2-Heremans Schmid glycoprotein AHSG) acts as an
inhibitor of spontaneous calcium-phosphate precipitation. Absence of
fetuin in fetuin-A knockout mice results in massive extraosseous
calcification [4]. Fetuin-A levels are reduced in individuals with renal
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failure and are associated with an increased risk of vascular calcified
plaque, inflammation and all-cause and cardiovascular disease (CVD)
mortality [5]. Fetuin-A accumulates in the mineralized bonematrix, in
atherosclerotic plaques, and in pathologically mineralized tissues [6].
These findings suggest, that the levels of calcified artherosclerotic
plaques may vary based on the fetuin-A concentration and the related
calcium-phosphate-homeostasis, including several hormones, such as
parathyroid hormone and 1,25(OH)2 vitamin D.

Fetuin-A gene polymorphisms have been associated with the
serum levels of the associated fetuin-A protein [7]. Dialysis patients
carrying the fetuin-A single nucleotide polymorphism (SNP) on
position Thr256Ser in the AHSG gene had reduced serum levels of
fetuin-A protein and an increased risk of accelerated arterial
calcification [8].

Whereas fetuin-A showed a negative correlation with the aortic
PWV in children and adults on dialysis [9,10], little is known of the role
of fetuin-A as an independent predictor for the development of
arterial stiffness as a consequence of vascular calcification in healthy
subjects. The objective of this study was to evaluate the association
between parameters of the calcium homeostasis with a focus on
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Table 1
Characteristics of demographic and clinical data of participants by gender.

Variable name Women (n=50) Men (n=66)

Demographic characteristics
Age (years) 47.9±9.9 46.7±12.9
Body mass index (kg/m2) 25.0±4.2⁎ 26.1±2.9⁎
Systolic blood pressure (mm Hg) 126.1±17.3 129.7±12.5
Diastolic blood pressure (mm Hg) 81.1±11.0 83.7±10.0
Pulse rate (bpm) 62.8±7.2 61.9±8.0

Numbers with characteristics (%)
Smokers 18 (36%) 19 (29%)
Drinkers 6 (12%)⁎ 26 (39%)⁎
Antihypertensive therapy 2 (4%) 5 (8%)

Biochemical measurements
Serum glucose (fasting) (mmol/l) 4.7±0.4⁎ 4.9±0.5⁎
Serum calcium (mmol/l) 2.3±0.1 2.3±0.1
Serum creatinine (µmol/l) 81.8±16.4⁎ 100.5±13.6⁎
Creatinine clearance (ml/min) 77.5±23.2⁎ 88.7±21.9⁎
Serum albumin (g/l) 45.0±2.4⁎ 46.2±2.8⁎
Plasma renin activity (ng/ml) 0.84±0.57 0.95±0.73
Parathyroid-hormone (pmol/l) 1.1±0.9 1.0±0.8
25-OH-vitamin-D (ng/ml) 72.7±31.3 70.9±25.2
Plasma fetuin-A (µg/ml) 113.4±51.8 108.2±60.4
Urinary 24-h calcium (mmol/l) 4.2±2.4 4.2±2.1
Triglycerides (mg/dl) 180.2±91.2 247.6±136.4⁎
Total cholesterol (mg/dl) 218.8±37.5 217.4±38.1
High-density cholesterol (mg/dl) 57.2±14.9⁎ 48.3±11.2
Low-density cholesterol (mg/dl) 136.6±33⁎ 132.9±36
Calcitonin (pg/ml) 5.8±2.6 6.4±2.2

Unless indicated otherwise, values are means±SD. aAverage of five auscultatory
readings at the brachial artery obtained at the examination centre. An asterisk (⁎),
indicates a significant (pb0.05) sex difference.
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fetuin-A in correlation with aortic pulse wave velocity in women and
men with normal renal function. In addition, we examined the
relationship between the fetuin-A Thr256Ser polymorphism and
aPWV in these subjects.

2. Materials and methods

2.1. Study population

We randomly selected 116 members of the FLEMish study of
ENvironment, Genes and Health Outcomes (FLEMENGHO) [11], which
involves a random sample of families living in a defined geographical
area in northern Belgium. Eligible offspring were at least 10 years old.
The Ethics Committee of the University of Leuven approved the study.
All participants or their parents gave informed written consent. The
participation rate averaged 64.3%. Normal renal function was defined
as a creatinine clearance N60 ml/min.

2.2. Clinical measurements

For at least 3 h before being examined, the participants refrained
from heavy exercise, smoking, alcohol or caffeine-containing bev-
erages. Trained nurses measured blood pressure and anthropometric
characteristics in the morning. They administered a questionnaire to
collect information about each subject's medical history, smoking and
drinking habits, and intake of medications. Each participant's office
blood pressure was the average of five consecutive readings. Body
mass index (BMI) was defined as weight in kilograms divided by the
square of height in metres. We measured parathyroid-hormone
(PTH), 25-OH vitamin D3, calcitonin, serum calcium on a venous
blood sample and 24-h urine calcium by standard biochemical
methods. Fetuin-A was measured in duplicates using an ELISA kit
(BioVendor Laboratory Medicine, GmbH, Heidelberg, Germany),
following the instructions of the manufacturer. Coefficient of
intraassay variations of plasma fetuin-A levels was 7.1%.

Each participant was characterized with respect to the compo-
nents of the metabolic syndrome (MetS). Diagnosis was based on a
modified version of the definition of MetS by the National Cholesterol
Education Program Adult Treatment Panel (NCEP ATP III). In the
modification, the waist circumference is replaced with body mass
index, as was done in theWest of Scotland Coronary Prevention Study
(WOSCOPS) [12] and Women's Health Study [13]. Data of menopause
status of the female subjects, to evaluate a possible relation with
fetuin-A levels or aPWV, were not available. We therefore decided to
split the women in two groups: women ≤50 years and women
≥50 years, with women ≥50 years to be expected in menopause, as
previously described [14].

2.3. Vascular measurements

By means of a pulsed ultrasound wall-tracking system (Wall Track
System; Pie Medical, Maastricht, the Netherlands), arterial measure-
ments were obtained at the common carotid artery 2 cm proximal of
the carotid bulb, at the femoral artery 1 cm proximal of the bifurcation
into the profound and superficial branches, and at the right brachial
artery 2 cm proximal of the antecubital fossa [11]. The observers also
determined carotid–femoral pulse wave velocity from the length of
the carotid–femoral segment and the transit time of the pulse wave.
The carotid–femoral segment was the difference of the distances
between the site of the carotid ultrasound measurement and the
suprasternal notch and between the suprasternal notch and the site of
the femoral measurement. During the ultrasound examination, an
automated oscillometric device (Dinamap 845; Critikon Inc., Tampa,
Florida, USA) recorded blood pressure at the upper arm at 5-min
intervals. As for the conventional auscultatory measurements, cuff
sizewas adjusted to the circumference of the upper arm [15]. Standard
cuffs had an inflatable bladder of 12 cm–24 cm. If the arm circumference
exceeded 31 cm, larger cuffs with a bladder of 15 cm–35 cm were
utilized. As described elsewhere [16], the observers applied applanation
tonometrywith a pencilshaped probe (Millar Instruments Inc., Houston,
Texas, USA) and calibration to mean and diastolic pressure at the
brachial artery to derive the local pulsepressure at the other arteries.We
computed cross-sectional compliance (CC) and the distensibility
coefficient (DC) from the diastolic cross-sectional area (A), the systolic
increase in cross-sectional area (ΔA) and the local pulse pressure (ΔP)
[17]: CC=ΔA/ΔP and DC=(ΔA/A)/ΔP. A and ΔA were calculated as
A=π×(D/2)2 and DA=π×[(D+ΔD)/2]2−π−(D/2)2.

2.4. Thr256Ser SNP-genotyping

For genotyping, theMassARRAY system(Sequenom, SanDiego, USA)
wasused aspreviously described in detail [18]. Froma5ml EDTA sample
of peripheral blood DNAwas extracted using QIAamp DNA kits (Qiagen,
Valencia, CA, USA). Sequence amplification was performed by the
polymerase chain reaction (PCR)on a real timePCR-cycler (PerkinElmer
PCR 9700, Applied Biosystems). The PCR reaction volumewas 50 μl. The
PCR-protocol and selection of fetuin-A Thr256Ser polymorphism was
performed and detected respectively, as described by Stenvinkel et al.
[8]. Briefly, the Thr256Ser polymorphism was amplified in a single
fragment, using forward primer 5′-TCCTTTTTCCAGCCCGTGA-3′ and
reverse primer 5′-TGCACCACTGTGCGTGTTTT-3′. Sequencing primers
were placed adjacent to the SNP and were 5′-GGTTGGGGCTGTGAG-3′;
for fetuin-A Thr256Ser. All nucleotides were synthesized by Apara-
Bioscience GmbH — Synthetische Biomoleküle, Denzlingen, Germany).
Genotyping calls were made in real time with MASSARRAY RT software
(Sequenom, San Diego, USA).

2.5. Statistical analysis

For database management and statistical analysis SPSS software
version 14.0 (SPSS Inc., Chicago, IL, USA) was used. Women and men



Table 3
Regression coefficient between vessel wall properties and plasma fetuin-A levels by
gender.

Women (n=50) Men (n=66)

Measurement Coefficient±SE p Coefficient±SE p

Carotid–femoral pulse wave
velocity (m/s)

−0.033±0.039 0.83 −0.3±0.039 0.022⁎

Common carotid artery
Distensibility (10−3/kPa) 0.022±0.018 0.22 0.018±0.015 0.25

Brachial artery
Distensibility (10−3/kPa) 0.060±0.032 0.069 0.004±0.021 0.85

Femoral artery
Distensibility (10−3/kPa) 0.003±0.011 0.83 0.005±0.008 0.53

Apart from the aortic pulse wave velocity in men (p=0.022) before and after
adjustments for age, gender, systolic blood pressure, body mass index, current state of
smoking and serum albumin (all patients p=0.029 (p=0.094), women p=0.475
(p=0.83)), the arterial distensibility of the femoral, brachial and carotid artery was not
affected by plasma fetuin-A levels.
Results were adjusted for age, gender, systolic blood pressure, body mass index, current
smoking and serum albumin. An asterisk (⁎) indicates a significant (pb0.05) sex
difference.

41M. Roos et al. / Regulatory Peptides 154 (2009) 39–43
were considered separately in the statistical analyses. Distribution of
quantitative measurements and proportions was compared by means
of the Kruskal–Wallis- or Mann–Whitney-U test and the χ2 test,
respectively.Median and/ormean valueswere reportedwith standard
deviation or percentiles. Spearman correlation coefficient was used to
assess bivariate relationship between quantitativemeasurements. The
statistical methods also included single andmultiple linear regression.
Covariates considered for entry into the model were age, body mass
index, pulse rate, systolic blood pressure, current smoking and the use
of antihypertensive drugs. In all statistical analyses a p-value less than
0.05 was considered statistically significant.

3. Results

3.1. Characteristics of participants

Demographic and clinical data of the subjects are presented in
Table 1. The median age of the 116 participants, 66 men and 50 women,
was 47.2 years (26 to 72 years). Median plasma fetuin-A levels were
113±51.8 μg/ml inwomen and 108.2±60.4 in men. Overall, 7 patients
were taking antihypertensive drugs, (ACE-inhibitor n=1; β-blocker
n=4; central acting hypertensive drug n=2; diuretics n=2). In
smokers (18 women, 19 men), median tobacco use was 17 cigarettes
per day (10th to 90th percentile interval, 5 to 29). In drinkers (6women,
26men), median alcohol consumptionwas 19 g per day (1 to 59 g). One
woman used oral contraceptives.

3.2. Vessel wall properties in relation to calcium homeostasis

The vessel wall properties by gender and vascular territory are
given in Table 2. Fetuin-A levels of the whole study population
correlated significantly to aPWV (r=−0.21, p=0.029), whereas after
adjustments for age, gender, systolic blood pressure, body mass index,
current smoking and serum albumin, this relation lost statistical
significance (partial r=−0.16, p=0.094).

With respect to gender distribution only men demonstrated an
inverse relationship to aPWV before (r=−0.28, p=0.025) and after
multivariable adjustment (partial r=−0.3, p=0.022), whereas in
women no significant correlation was observed (r=−0.1, p=0.475),
see Table 3. Neither women, nor men showed a relationship between
arterial distensibility of the femoral, brachial and carotid artery and
fetuin-A (Table 3). Arterial diameter and distensibility were signifi-
cantly (pb0.01) associated with age and body mass index. Further-
more, aPWV was significantly (pb0.01) associated with age and body
Table 2
Vessel wall properties by gender and vascular territory.

Variable name Women (n=50) Men (n=66)

Carotid–femoral pulse wave velocity (m/s) 6.61±2.21 6.87±2.05

Common carotid artery
Pulse pressure (mm Hg) 43.0±7.8⁎ 46.2±9.2⁎
Distensibility coefficient (10−3/kPa) 23.4±8.0 22.7±8.8
Compliance coefficient (mm2/kPa) 0.83±0.26⁎ 1.01±0.37⁎
Intima–media thickness (mm) 0.78±0.13⁎ 0.84±0.19⁎

Brachial artery
Pulse pressure (mm Hg) 43.8±6.8⁎ 48.5±8.0⁎
Distensibility coefficient (10−3/kPa) 25.4±11.2⁎ 21.3±9.6⁎
Compliance coefficient (mm2/kPa) 0.25±0.10⁎ 0.35±0.13⁎

Femoral artery
Pulse pressure (mm Hg) 48.0±8.4⁎ 52.3±10.4⁎
Distensibility coefficient (10−3/kPa) 9.1±4.5⁎ 7.6±3.4⁎
Cross-sectional compliance (mm2/kPa) 0.51±0.25⁎ 0.62±0.28⁎

Unless indicated otherwise, values are means±SD. An asterisk (⁎) indicates a
significant (pb0.05) sex difference.
mass index. Apart from fetuin-A no association was found between
parameters of the calcium homeostasis and aPWV (data not shown).

3.3. Genotype and allele frequencies

The Thr256Ser (C→G) SNP of the fetuin-A genewas investigated in
107 patients (8 patients went missing due to technical difficulties).
The genotype distribution is given in Table 4. The SerSer genotype,
whenmen andwomenwere grouped together, (n=7) was associated
with lower fetuin-A plasma levels (p=0.007) and a higher aPWV
(p=0.028). In sex-specific analysis, women (n=4) with the SerSer
genotype had lower fetuin-A levels (59.66±22.38 μg/ml, p=0.019)
and men (n=3) an increased aPWV (14.3±0.9 m/s, p=0.01)
compared to subjects with the homozygous wildtype (ThrThr), n
(w/m)=27/34, and the heterozygous (ThrSer) n=(15/24) form.

3.4. Metabolic syndrome, fetuin-A levels and aPWV

According to the NCEP ATP III criteria, 28 of 116 patients were
diagnosed with a prevalent metabolic syndrome (MetS) (10 females
vs. 18 males). We did not find a significant difference in fetuin-A levels
between MetS and non-MetS patients (p=0.69). In addition when
males and females were analyzed separately, no significant difference
in fetuin-A levels was obvious (men p=0.60, women p=1.0). On the
other hand, there was a significant correlation between prevalent
MetS and aPWV (p=0.046). In multivariable linear regression
analysis after adjustment for sex, RR systole, serum albumin, current
state of smoking, BMI and age, MetS was still independently
associated with aPWV (β=−0.227; p=0.016). The test of an
interaction between gender and MetS regarding aPWV was not
significant (p=0.082). We could not detect a significant correlation
Table 4
Fetuin-A polymorphisms of the Ser256Thr gene.

Polymorphism PWV (m/s) Fetuin-A (µg/ml)

Thr256Ser (w/m) Women Men Women Men

Homozygous Thr/Thr (27/34) 6.08±1.26 6.36±1.31 130.9±53.8 109.9±54.9
Heterozygous Ser/Thr (15/24) 6.97±1.47 6.66±1.27 98.31±42.6 100.9±52.5
Homozygous Ser/Ser (4/3) 6.29±0.81 14.26±0.89⁎ 59.7±22.4 61.9±29.1 ⁎

Patients (n=7) carrying the SerSer genotype had significantly lower fetuin-A plasma
levels (p=0.07) and a higher aPWV (p=0.028). Womenwith the SerSer genotype had
lower plasma fetuin-A levels (p=0.019) and menwith the SerSer genotype had higher
aPWV (p=0.01) compared to ThrThr and ThrSer genotype carriers.
Values aremeans±SD. (F/m) reflects thenumberof subjects andgender (f= female,m=
male) for the gene status. An asterisk (⁎) indicates a significance difference (pb0.05) as
compared to the Ser256Thr genotype within sex groups. Results were adjusted for age,
gender, systolic blood pressure, body mass index, current smoking and serum albumin.
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between the MetS and the SNPs, neither in the total study group
(p=0.198), nor in the sex-adjusted analyses (women p=0.293, men
p=0.446).

3.5. Menopause, fetuin-A, aPWV and SNP

To investigate whether women ≥50 years (likely to be post-
menopausal) show similar results as our male subjects, we compared
the two groups for fetuin-A levels, aPWV, presence of MetS and SNP
distribution. Overall, 18 female subjects were ≥50 years. Compared
with males, fetuin-A levels (p=0.72) and aPWV (p=0.88) were not
significantly different in postmenopausal females. Moreover we did
not find a significant correlation between fetuin-A levels and aPWV in
women ≥50 years (r=−0.028, p=0.91).

4. Discussion

Our data from a group of 116 patients with normal kidney function
suggest a role for fetuin-A as an independent risk factor for increased
arterial stiffness in men with normal kidney function. Other
investigated measurements of calcium homeostasis were not asso-
ciated with any large artery function in our study group. Furthermore,
homozygous male with the SerSer genotype for the fetuin-A gene
(Thr256Ser) had significantly higher aPWV as compared with other
fetuin-A genetic variabilities.

Thus, our results extend previous observations demonstrating that
an inverse relationship exists between fetuin-A, aPWV and cardio-
vascular mortality in patients with end-stage renal disease [5,9,10].

The stiffness of the vascular wall depends on the relative
contribution of its two predominant scaffolding proteins: collagen
and elastin [19,20]. Possibly, fetuin-A modulates vascular collagen
deposition by influencing profibrotic pathways. TGF-β is responsible
for a wide range of biological processes, such as cell proliferation,
differentiation and extracellular matrix (ECM) production [21]. It has
been demonstrated that fetuin-A competitively blocks the binding of
TGF-β to the extracellular domain of RII [22]. Moreover it was
demonstrated that fetuin-A is able to inhibit collagen synthesis [23]
and that fetuin-A knock-out mice show severe cardiac diastolic
dysfunction and enhanced cardiac fribosis [24]. Thus, as a conse-
quence of low fetuin-A levels, TGF-β may continuously stimulate the
synthesis of collagen (ECM), subsequently, resulting in enhanced
arterial stiffness. On the other hand, increased fetuin-A was shown to
attenuate apoptosis and dystrophic calcification in atherosclerosis
[25], inhibit bone morphogenic protein (BMP) and downregulate
vascular profibrotic activities [26].

Recently, Ix et al. demonstrated, that increased fetuin-A levelswere
positively associatedwith the presence of theMetS and an atherogenic
lipid profile [27]. Further studies have demonstrated fetuin-A as an
independent risk factor for type 2 diabetes mellitus [28], thus linking
fetuin-A with metabolic disorders, known to influence endothelial
function and arterial stiffness [29]. Convincingly,we found lower levels
of fetuin-A to be associated with a higher aPWV in men. However, we
did not see a significant relation between theMetS and fetuin-A levels.
A possible explanation for this may be the lower study number
compared with the study by Ix et al. On the other hand there was a
significant correlation between the MetS and aPWV in our study,
which is in line to previous publications [29]. Analysis of the Thr256Ser
SNP did not reveal a significant relation between fetuin levels, aPWV,
metabolic parameters and the MetS itself. Thus, we believe, that the
negative correlation between fetuin-A and aPWV in males may be
reflected by the antifibrotic effect of this protein.

Our study is in accordance with a previous study, in which low
fetuin-A was an important predictor of death at 6 months in ST-
elevation acutemyocardial infarction (STEMI) inmale patients [30]. By
contrast, Mori et al. reported a positive association between fetuin-A
levels with arterial stiffness independent of known atherogenic factors
[31]. However, this study mainly comprised female patients and
focused on the carotid artery measuring the stiffness parameter β,
which may account for the discordant results [31].

In our study, no significant association between fetuin-A and aPWV
was seen in females. Generally, pre-menopausal females are a lower
risk for cardiovascular events [32]. As we have not evaluated the
menopause status of our female patients, it is difficult to judge,
whether women in the pre-menopausal state may be protected from
arterial stiffness independent of circulating fetuin-A levels. Studies
investigating possible effects between fetuin-A, sex hormones, or
estrogen levels are lacking. In subgroup analyseswe compared females
≥50 years (likely to be postmenopausal) with males. Interestingly,
neither fetuin-A levels nor aPWV were significantly different among
these two groups. Again there was no significant correlation between
fetuin-A levels and aPWV in this female subgroup. Yet, the underlying
cause for the lack of an association between fetuin-A and aPWV in
postmenopausal women remains unsolved.

Our third finding, although only based on 7 patients is that carriers
with the SerSer genotype had lower plasma fetuin-A levels in both
genders, suggesting a connection between these factors as recently
shown [8]. Moreover, the 3 male SerSer genotype carriers had a
markedly increased aPWV, which represents a high cardiovascular
risk. These findings are in line with Stenvinkel et al. who demon-
strated that CKD patients with fetuin-A SerSer allele had a higher
cardiovascular mortality [8]. As a higher aPWV predicts a composite of
cardiovascular outcomes above and beyond traditional cardiovascular
risk factors [33] it is tempting to believe, that men carrying the SerSer
genotype are at risk for cardiovascular disease, either as HD patients
[10] or as healthy subjects [34]. Certainly, also our study is limited by
the small population of 116 subjects and the fact that we could only
evaluate data of 7 SerSer carriers.

In conclusion, we demonstrate fetuin-A as an independent risk
factor for increased arterial stiffness in men with normal kidney
function. Moreover, male SerSer genotype carriers of the Thr256Ser
polymorphism in the fetuin-A gene confirm the association between
fetuin-A and arterial stiffness. Further studies in larger healthy cohorts
are needed to confirm our findings, in particular the potential
cardiovascular risk of SerSer genotype carriers.
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