
INTRODUCTION
Meta bolic syn drome (MetS) is a com mon dis or der the

preva lence of which  is es ti mated to be about 20% in Pol ish
adult popu la tion, cur rently af fect ing over 5.7 mil lion peo ple
[9]. MetS is a clus ter ing of in creased waist ci rum fer ence,
dyslipi de mia, im paired glu cose me tabo lism and hy per -
ten sion [8]. Ab domi nal obe sity and in su lin re sis tance are
im por tant patho ge netic fac tors [9]. MetS plays a role as a risk
fac tor for type 2 dia be tes and car dio vas cu lar dis ease [7]. 

Fetuin-A, also known as Al pha 2- Heremans Schmid
Gly co pro tein (AHSG), is a mul ti func tional plasma agent

with a mo lecu lar weight of ap proxi mately 60 kDa and
half- life of sev eral days [14]. AHSG was first dis cov ered
in 1944 by Kai O. Ped er sen in calf se rum [15]. Sev eral
years later, J.F. Here mans (in 1960) and K. Schmid with
W. Burgi (in 1961), in the in de pend ent stud ies, iso lated it
in hu mans [6]. Dur ing fe tal de vel op ment fetuin-A is abun -
dantly syn the tized by mul ti ple tis sues. In adults it is
se creted pre domi nantly by the liver (>95%) [12,14]. Fetuin-A
is a physio logi cal in hibi tor of in su lin re cep tor ty ro sine ki -
nase and thus as so ci ated with in su lin re sis tance, MetS and 
an in creased risk for type 2 dia be tes [7,14]. 

The aim of this study was to ana lyse in hu mans re la -
tion ships be tween se rum fetuin-A con cen tra tions and the
com po nents of meta bolic syn drome and to tal cho les terol,
LDL- cholesterol, HbA1c, BMI as well.
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ABSTRACT
Metabolic syndrome is a common disorder the prevalence of which  is estimated to be about 20% in Polish adult population.
Abdominal obesity and insulin resistance are important pathogenetic factors. Metabolic syndrome plays a role as a risk factor for
type 2 diabetes and cardiovascular disease. Fetuin-A is a multifunctional plasma glycoprotein. It is a physiological inhibitor of
insulin receptor tyrosine kinase and thus associated with insulin resistance, metabolic syndrome and an increased risk for type 2
diabetes. The study was conducted in 62 patients with metabolic syndrome (34F and 28M) aged 35-83. In 47 persons type 2 diabetes
was a component of metabolic syndrome, 62% of diabetics had coronary artery disease as a macrovascular complication.
Determinations of biochemical parameters and anthropometric measurements were performed in the studied group. We analysed
a relationship between serum fetuin-A concentration and components of metabolic syndrome and total cholesterol,
LDL-cholesterol, HbA1C, BMI as well. Diabetics had lower fetuin-A concentrations than patients without diabetes (0.550 g/l vs
0.600 g/l). Fetuin-A levels in patients with diabetes  and coronary artery disease were significantly lower (0.535 g/l) than in those
without macrovascular complications (0.590 g/l) (Z=1.969; p=0.048). Furthermore the correlation between fetuin-A serum
concentration and fasting plasma glucose, LDL-cholesterol and triglycerides levels were observed. Patients with higher fasting
glucose had lower fetuin-A levels. However, fetuin-A concentration was positive correlated with LDL-cholesterol and triglycerides
levels. No association between fetuin-A and waist circumference, blood pressure, HDL-cholesterol, HbA1C and BMI were found.
In summary, serum fetuin-A level has a correlation with some components of metabolic syndrome. We concluded that fetuin-A
could be used not only as a marker, but also plays some role in pathogenesis of metabolic syndrome, type 2 diabetes and higher risk
of cardiovascular disease.
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MATERIAL AND METHODS
The study was con ducted in 62 pa tients, 34 women

(55%) and 28 men (45%), with meta bolic syn drome aged
35-83. They were treated at the En do cri nol ogy De part -
ment and in the Out pa tient Clinic of the In de pendent
Pub lic Clini cal Hos pi tal No.4 in Lublin. In 47 sub jects
dia be tes type 2 was a com po nent of MetS. The du ra tion of 
dia be tes mel li tus was es ti mated to be from newly di ag -
nosed dis ease to about 30 years. Sixty- two per cent of
dia bet ics had coro nary ar tery dis ease as a mac ro vas cu lar
com pli ca tion. In the stud ied group de ter mi na tions of bio -
chemi cal pa rame ters and an thro pomet ric meas ure ments
were per formed. Cor re la tions be tween se rum fetuin-A
con cen tra tions and com po nents of MetS such as: waist
cir cum fer ence (WC), blood pres sure, tri glyc erides and
HDL- cholesterol lev els, fast ing glu cose and to tal cho les -
terol, LDL- cholesterol, HbA1C, BMI lev els as well have
been ana lysed. The ma te rial was the pe riph eral blood ob -
tained from the ul nar vein (10 ml). Se rum was sepa rated
from the col lected blood sam ples by cen trifu ga tion for 10
min. at 1000 rpm, ali quoted and stored fro zen at –20°C
un til analy sis. Se rum fetuin-A con cen tra tion was de ter -
mined with the use of Hu man Fetuin-A ELISA Kit
(an ti bod ies spe cific for the hu man fetuin-A pro tein) with
an as say sen si tiv ity of 3.5μg/ml. For sta tis ti cal analy sis of
the ob tained re sults, Sta tis tica 8.0 Stat Soft was used. Dis -
tri bu tion of the stud ied vari ables were tested us ing the
W Shapiro- Wilk test, the Kolmogorov- Smirnov test and
the Lil lie fors test. The Brown- Forsythe test was ap plied to 
check the equal ity of group vari ances. Lack of the nor mal
dis tri bu tion and/or the equal ity of vari ances were noted.
For a com pari son of the ob tained re sults, the non- para-
metric tests: U Mann- Whitney or Kruskal- Wallis were
used. Cor re la tions be tween vari ables were in ves ti gated by 
Spear man’s test. A p value <0.05 was con sid ered as sta tis -
ti cally sig nifi cant in all analy ses. 

RESULTS
The re sults of se rum fetuin-A con cen tra tion (g/l) and

se lected pa rame ters the ana lysed group have been shown
in Ta ble 1.

In the se rum of dia bet ics the me dian fetuin-A con cen -
tra tion was 0.550g/l and the re sult was lower com pared to
the level in pa tients with out dia be tes mel li tus (me dian=
0.600 g/l). How ever, it was no sta tis ti cally sig nifi cant
(Fig.1). Pa tients with type 2 dia be tes and coro nary ar tery
dis ease had sig nifi cantly lower level of fetuin-A than those
with out mac ro vas cu lar com pli ca tions, me dian: 0.535 g/l
and 0.590 g/l (Z=1.969; p=0.048) re spec tively (Fig.2).
Fur ther more, the sta tis ti cally sig nifi cant cor re la tions be -
tween fetuin-A se rum con cen tra tion and fast ing plasma
glu cose, LDL- cholesterol and tri glyc erides lev els have
been ob served. These cor re la tions have been sum ma rized
in Ta ble 2.
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Ta ble 1. Se rum lev els of fetuin-A (g/l) and se lected pa rame ters in ana lysed pa tients (n=62)
PARAMETERS X ± SD MEDIAN MINIMUM MAXIMUM

Fetuin – A (g/l) 0.578 ± 0.114 0.585 0.300 0.960
BMI (kg/m2) 33.821 ± 5.481 32.420 19.500 47.00

Waist circumference (cm)
F: 109.940 ± 12.340
M: 110.270 ± 9.210

F: 110.000
M: 109.500

F: 83.000
M: 100.000

F: 136.000
M: 13.000

HbA1C (%) 7.728 ± 2.153 6.755 5.400 14.000
Fasting plasma glucose (mg/dl) 132.855 ± 41.747 123.500 86.000 300.00
Systolic blood pressure (mmHg) 135.710 ± 17.209 130.000 110.000 180.000
Diastolic blood pressure (mmHg) 84.081 ± 11.409 80.5000 60.000 110.000
Triglycerides (mg/dl) 145.145 ± 90.252 119.500 47.000 532.000

HDL – cholesterol (mg/dl)
F: 56.410 ± 14.940
M: 45.290 ± 10.190

F: 52.500
M: 43.500

F: 36.000
M: 28.000

F: 97.000
M: 68.000

LDL – cholesterol (mg/dl) 118.677 ± 41.031 114.000 52.000 213.000
Total cholesterol (mg/dl) 198.823 ± 50.82 191.000 120.000 330.000

Fig. 1. The concentration of fetuin-A in diabetics and in patients
without diabetes mellitus

Fig. 2. The concentration of fetuin-A in diabetics with coronary
artery disease and in patients without macrovascular complications



Ta ble 2. The cor re la tions be tween fetuin-A level and fast ing
plasma glu cose, LDL- cholesterol, tri glyc erides con cen tra tions in 
the stud ied group

VARIABLES R Spearman t (N-2) p
Fasting plasma glucose -0.275 -2.218 0.030
LDL – cholesterol  0.263  2.108 0.039
Triglycerides  0.252  2.018 0.048

Sub jects with higher fast ing glu cose had lower
fetuin-A lev els (Fig. 3). On the con trary, fetuin-A con cen -
tra tion was posi tive cor re lated with LDL- cholesterol and
tri glyc erides lev els (Fig. 4 and Fig. 5). Based on sta tis ti cal 
analy sis, no as so cia tions be tween fetuin-A and WC,
blood pres sure, HDL- cholesterol, HbA1C and BMI have
been found in our pa tients with MetS.

DISCUSSION
Fetuin-A be longs to the cys ta tin fam ily of the pro te -

inase in hibi tors and natu ral in hibi tors of in su lin re cep tor
[6,10]. Ani mal stud ies in rats have shown that it su presses
ty ro sine ki nase ac tiv ity in mus cles and in the liver by in -
hib it ing the auto phos pho ry la tion of this en zyme and

in su lin re cep tor sub strate pro teins (IRS-1) as well [8,10,
12]. Thus fetuin-A is found to be in volved in the de vel op -
ment of in su lin re sis tence [13]. It is well known that
fetuin-A knock out mice dem on strate im proved in su lin se -
si tiv ity, re sis tance to weigt gain when chal lenged with
a high- fat diet, lower se rum free fatty acid and tri glyc eride 
lev els [5,8,12]. In hu mans, the gene for fetuin-A is lo cal -
ized on chro mo some 3q27, which has been mapped as
a sus cep ti bil ity lo cus for MetS and type 2 dia be tes mel li -
tus. Sev eral sin gle nu cleo tide po li mor phisms of the
fetuin-A gene were found to be as so ci ated with adi po cyte
in su lin ac tion, dyslipi de mia and type 2 dia be tes [7,8].

A close as so cia tion be tween fetuin-A lev els and the
meta bolic syn drome has been shown in cross sec tional
stud ies [2,4]. Moreo ver in lon gi tu di nal analy ses fetuin-A
has been cor re lated to many com po nents of MetS such as
blood pres sure, waist cir cum fer ence, HDL- cholesterol
[3,8]. Some re ports sug gested that the re la tion ship be -
tween fetuin-A and MetS may be also a re sult of fetuin-A
in duced su pres sion of adi po nectin- adi po cy to kine which
rep re sents an im por tant de ter mi nant of the whole body
sen si tiv ity and car dio vas cu lar dis ease- pro duc tion. What’s
more, fetuin-A in duces low- grade in flam ma tion, which is
also as so ci ated with MetS and athero genic lipid pro file
[8]. In our study we ana lysed cor re la tions be tween fetuin-A 
and BMI, WC, blood pres sure, lipid pro file, fast ing
plasma glu cose and HbA1C level in pa tients with MetS. 

Some clini cal stud ies con firm that low se rum fetuin-A
con cen tra tions are found in dia bet ics [7]. An other stud ies
in di cate that pa tients with im paired glu cose tol er ance but
not im paired fast ing glu cose have higher fetuin-A lev els
than nor mal sub jects [2]. Wojtysiak- Duma et al. [14] in
their study dem on strated that in the pa tients with type 2
dia be tes se rum con cen tra tion of fetuin-A was sig nifi -
cantly lower as com pared with healthy par tici pants. It has
been thought that de crease in fetuin-A is as so ci ated with
the pres ence of pe riph eral ar tery dis ease in pa tients with
type 2 dia be tes, be sides tra di tional car dio vas cu lar risk
fac tors [13,15]. Ix et al. [5] and Ste fan et al. [11] sug gested 
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Fig. 3. The correlation between fetuin-A serum concentration
and fasting plasma glucose in patients with MetS

Fig. 4. The correlation between fetuin-A serum concentration
and LDL-cholesterol in patients with MetS

Fig. 5. The correlation between fetuin-A serum concentration
and triglycerides in patients with MetS



that fetuin-A may be an in de pend ent risk fac tor for type 2
dia be tes. These re ports are con sis tent with our re sults be -
cause in our sub jects with type 2 dia be tes fetuin-A
con cen tra tion was lower than in those with out this dis -
ease. What’s more, per sons with co ex is tence of coro nary
ar tery dis ease had also sig nifi cantly lower level of fetuin-A
than pa tients with out mac ro vas cu lar com pli ca tions. How -
ever, in con trast to our and some authors find ings, there
are authors who sug gest that an ele vated se rum fetuin-A
level has posi tive cor re la tion with blood glu cose con cen -
tra tion [10,15]. It is known that the drugs such as met-
formin, pio gli ta zone and nia cin may af fect  the level of
fetuin-A in se rum [2,7]. In our sub jects, met formin and
nia cin have been used. 

The re la tion ship be tween BMI and fetuin-A is not
clear. Ste fan et al. [12] re ported no as so cia tion be tween
fetuin-A and the per cent age of body fat. On the other
hand, data from the Heart and Soul Study [4] as well as re -
ports by Is mail et al. [3], Singh et al. [10] and Ix et al. [4]
dem on strate that ele vated fetuin-A con cen tra tions were
con nected with BMI and waist cir cum fer ence. In our
study we ob served no as so cia tion be tween BMI, WC and
fetuin-A. Erd mann et al. [2] sug gested that fetuin-A level
may  not have simi lar con nec tion to BMI when the en tire
range of obe sity and mor bid obe sity is con sid ered and the
link be tween these pa rame ters is rather non- lin ear. 

In su lin re sis tance and MetS are known to be con di tions 
which in crease the chances of car dio vas cu lar dis eases
[10]. Some authors sup ported the idea that ele vated se rum 
fetuin-A con cen tra tion is con nected with athero genic
lipid pro file and may con trib ute to the de vel op ment of
athe ro scle ro sis [4,10,13]. These state ments are simi lar to
our re sults. In the ana lysed group of pa tients, fetuin-A was 
posi tively cor re lated with LDL- cholesterol and tri glyc -
erides lev els. We didn’t find any as so cia tion be tween
fetuin-A and HDL- cholesterol, which is con sis tent with
re port of Brix et al. [1].

Rei nehr and Roth [8] de scribed that in obese chil dren
with MetS fetuin-A has been cor re lated sig nifi cantly to
the sys tolic and dia stolic blood pres sure. Simi lar re sults in 
adult obese pa tients have been re ported by many authors
[3,7,15]. In con trast to them, Brix et al. [1] did not find any 
con nec tion of fetuin-A to blood pres sure. No any as so cia -
tion be tween fetuin-A and blood pres sure has been shown
in our study as well.

CONCLUSIONS
In summary, serum fetuin-A concentration is corre-

lated with some components of metabolic syndrome. There 
has been observed a decrease in fetuin-A in patients with
higher fasting glucose and in diabetics. Higher fetuin-A
concentrations have been connected with atherogenic
lipid profile. Lower fetuin-A levels in serum have been

associated with the occurence of macrovascular com pli-
cations in patients with type 2 diabetes. We concluded
that fetuin-A could be used not only as a marker, but also
plays some role in pathogenesis of MetS, type 2 diabetes
and higher risk of cardiovascular disease. The limitations
of this study is a small analysed group of patients and the
lack of a control group, however our results are similar to
the findings of some authors. Additional studies are
required to confirm and generalise these statements of the
larger population of individuals with MetS. 
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