
INTRODUCTION
There has been a dra matic in crease in the world wide

preva lence of obe sity [12]. It is es ti mated that about 34%
of fe males and 30% of males are obese in Po land [9].
Apart from this, obe sity is as so ci ated with the de vel op -
ment of sev eral chronic dis eases such as meta bolic
syn drome (MetS), type 2 dia be tes mel li tus and car dio vas -

cu lar dis eases [12]. The con sen sus defi ni tion of MetS is
co ex is tence 3 of 5 fol low ing cri te ria: cen tral obe sity,
raised fast ing plasma glu cose or pre vi ously di ag nosed
type 2 dia be tes, raised tri glyc erides or spe cific treate ment
of this lipid ab nor mal ity, re duced HDL- cholesterol or
spe cific treate ment of this dis tur bance and raised blood
pres sure or treate ment of hy per ten sion [14]. 

Os teo pro te gerin (OPG), known also as os teo clas to -
gene sis in hibi tory fac tor (OCIF), is a gly co pro tein which
was first re ported in rats by W.S. Si monet in 1997 as a pro -
tein in volved in the regu la tion of bone den sity [4,6,7].
OPG has a mo lecu lar weight of 60 kDa as a mono mer and
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AB STRACT
There has been a dramatic increase in the worldwide prevalence of obesity, which is associated with the development of several
chronic diseases such as metabolic syndrome, type 2 diabetes and cardiovascular diseases. Osteoprotegerin is a glycoprotein mainly 
secreted by bone but produced also by heart muscle and blood vessels. It inhibits the recruitment, proliferation, and activation of
osteoclasts. The role of osteoprotegerin in the pathogenesis of metabolic syndrome, type 2 diabetes and cardiovascular diseases is
still discussed. The study was carried out on 62 patients with metabolic syndrome aged 35-83 (34F and 28M). Type 2 diabetes was
diagnosed in 76% of subjects and 62% of them suffered from coronary artery disease as a macrovascular complication.
Determinations of biochemical parameters and anthropometric measurements were performed in the studied group. The
relationships between serum osteoprotegerin concentrations and components of metabolic syndrome and total cholesterol,
LDL-cholesterol, HbA1C, BMI, levels of calcium and phosphate in the blood and 24-hour urinary calcium have been analysed.
Diabetics had higher osteoprotegerin concentrations than patients without diabetes (5.570 pmol/l vs 4.690 pmol/l).
Osteoprotegerin levels in patients with diabetes and coronary artery disease were significantly higher (6.640pmol/l) than in those
without macrovascular complications (5.295 pmol/l) (Z=1.986; p=0.047). Furthermore, the associations between osteoprotegerin
and calcium and phosphate levels in the blood and 24-hour urinary calcium have been shown. A lower calcium level in the blood
was negative but a lower phosphate level was positive correlated with OPG serum concentration (respectively: 6.825 pmol/l vs 5.195 
pmol/l, Z=2.656, p=0.008; 4.250pmol/l vs 5.640 pmol/l, Z=2.718, p=0.007). What’s more, the inverse correlations between OPG
concentrations and 24-hour urinary calcium and diastolic blood pressure have been observed. No associations between
osteoprotegerin and waist circumference, BMI, cholesterol levels and HbA1C, were found. In summary, osteoprotegerin is not
a use ful marker of all components of metabolic syndrome. It is level depends on the presence of hypertension, type 2 diabetes and
coronary artery disease. This glycoprotein may serve a a marker of calcium and phosphate homeostasis. We concluded that the
relationship between osteoprotegerin concentrations and calcification of atherosclerotic plaques in patients with metabolic
syndrome and type 2 diabetes should be analysed in further investigations.
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120 kDa as a disulfide- linked di mer [15]. It be longs to the
tu mor ne cro sis fac tor re cep tor su per fam ily (TNFR)
[7,10,12]. OPG ham pers the bind ing of RANK to RANKL
and thus in hib its the re cruit ment, pro lif era tion and ac ti va -
tion of os teo clasts [3,8,15]. This gly co pro tein is mainly
se creted by bone (os teo blasts) but is pro duced by va ri ety
of dif fer ent tis sues in clud ing heart mus cle and ves sels as
well [3,7]. The role of OPG in the patho gene sis of meta -
bolic syn drome, type 2 dia be tes and car dio vas cu lar
dis eases is still stud ied [12]. 

The aim of this study was to ana lyse re la tion ships in hu mans
be tween se rum os teo pro te gerin con cen tra tions and the
com po nents of meta bolic syn drome and to tal cho les terol,
LDL- cholesterol, HbA1C, BMI, lev els of: cal cium and
phos phate in the blood and 24- hour uri nary cal cium as well.

MATERIAL AND METHODS
The study was car ried out on 62 pa tients with meta -

bolic syn drome aged 35-83, who 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. Among par tici pants, there were 34 women (55%)
and 28 men (45%). Type 2 dia be tes was di ag nosed in 76% 
of sub jects and 62% of them suf fered from coro nary ar tery
dis ease as a mac ro vas cu lar com pli ca tion. 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. In the ana lysed 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 os teo pro te gerin con cen tra tions and com -
po nents of MetS such as waist cir cum fer ence (WC),
fast ing glu cose, HDL- cholesterol and tri glyc erides lev els, 
blood pres sure and HbA1C, BMI, to tal cho les terol and
LDL- cholesterol lev els, have been stud ied. Moreo ver, an
as so cia tion be tween OPG con cen tra tion and lev els of cal -
cium and phos phate in the blood and 24- hour uri nary
cal cium have been ana lysed as well. 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 in a stan dard way. Se rum os teo pro te gerin
con cen tra tion was de ter mined with the use of an en zyme
im mu no as say with sen siv ity of 0.4 pmol/l (Micro VueTM

OPG EIA). 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 tions 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- parametric 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 os teo pro te gerin con cen tra tion

(pmol/l) and se lected pa rame ters of the ana lysed group
have been shown in Table1.

In dia bet ics se rum OPG level was signifi cantly higher

(me dian= 5.570 pmol/l) than in pa tients with out type 2
dia be tes (me dian= 4.690 pmol/l) (Z=2.351; p=0.018). In
ad di tion, pa tients with co ex is tence of dia be tes and coro -
nary ar tery dis ease had higher se rum OPG con cen tra tion
(median= 6.640 pmol/l) than sub jects with out mac ro vascular
com pli ca tions (me dian= 5.295 pmol/l) (Z=1.986; p=0.047).
To ana lyse as so cia tions be tween elec tro lytes and OPG,
the stud ied sub jects were di vided into 2 groups based on
the con cen tra tions of cal cium and phos phate in the se rum
(cal cium groups: 9.0-9.5 mg/dl and 9.6-10.7 mg/dl; phos -
phate groups: 2.4-3.4 mg/dl and 3.5-5.3 mg/dl). A lower
cal cium level in the blood was nega tive but a lower phos -
phate level was posi tively cor re lated with OPG se rum
con cen tra tion (re spec tively: 6.825 pmol/l vs 5.195 pmol/l, 
Z=2.656, p=0.008; 4.250 pmol/l vs 5.640 pmol/l, Z=2.718,
p=0.007). Fur ther more, the in verse cor re la tions be tween
OPG con cen tra tion and cal cium level in the blood, 24-
 hour uri nary cal cium and dia stolic blood pres sure have

310 Current Issues in Pharmacy & Medical Sciences

Anna Maria Dąbrowska, Jerzy S.Tarach, Beata Wojtysiak-Duma, Arleta Malecha-Jędraszek, Anna Toruń-Jurkowska, Janusz Kudlicki4, Helena Donica

Ta ble 1. Se rum lev els of os teo pro te gerin (pmol/l) and se lected pa rame ters in the stud ied group (n=62)
PARAMETERS X ± SD MEDIAN MINIMUM MAXIMUM

Osteoprotegerin (pmol/l) 6.127 ± 2.450 5.390 0.680 16.00
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: 134.000

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 ± 50.382 191.000 120.000 330.000
Calcium in the blood (mg/dl) 9.652 ± 0.394 9.600 9.00 10.70
Phosphate in the blood (mg/dl) 3.519 ± 0.541 3.500 2.400 5.300
24-hour urinary calcium (mg/day) 104.661 ± 78.643 79.00 6.00 336.00



been ob served. It has been pre sented in Ta ble 2. Pa tients
with higher dia stolic blood pres sure had lower con cen tra -
tion of OPG in the se rum (Fig. 1). Sub jects with lower
cal cium level in the blood, simi larly to those with lower
level of 24- hour uri nary cal cium, had higher OPG con cen -
tra tion in the se rum (Fig. 2 and Fig. 3). Based on sta tis ti cal 
analy sis, in stud ied group, no as so cia tions be tween OPG
and other com po nents of MetS such as: WC, tri glyc erides, 
HDL- cholesterol and to tal cho les terol, LDL- cholesterol,
HbA1C, BMI as well have been found.

Ta ble 2. The cor re la tions be tween os teo pro te gerin and se lected
pa rame ters in ana lysed pa tients

VARIABLES R
Spearman t(N-2) p

Diastolic blood pressure -0.263 -2.112 0.039
Calcium in the blood -0.390 -3.277 0.002
Urinary calcium -0.337 -2.768 0.007

DISCUSSION
Os teo pro te gerin is a part of OPG/RANK/RANKL bio -

chemi cal path way which regu lates os teo clasts dif feren-
tia tion and ac ti va tion [3,7,15]. This gly co pro tein plays
a role as a solu ble re cep tor for RANKL (Re cep tor Ac ti va -
tor of Nu clear Fac tor kappa B ligand), pro duced by
os teo blasts and their pre cur sors, and thus blocks bind ing

RANKL to RANK (Re cep tor Ac ti va tor of Nu clear Fac tor 
kappa B), situ ated on os teo clasts sur face, and leads to in -
hi bi tion of os teo clasts for ma tion, fu sion, dif fer en tia tion
and ac ti va tion [7,10,13]. In hu mans, the gene for os teo -
pro te gerin is lo cal ized on chro mo some 8q23,24 [15]. 

Some authors re ported no sta tis ti cal dif ference of OPG
val ues be tween sub jects with or with out MetS [12]. On
the other hand, in a co hort of pa tients with pe riph eral ar -
tery dis ease, se rum con cen tra tions of OPG were ele vated
in those in di vidu als with obe sity and the MetS [10,12]. It
is known that osteo pro te gerin level is di rectly as so ci ated
with bone mass and dis tur bances con cerned with meta -
bolic syn drome such as en dothelial dys func tion and
athe ro scle ro sis [3,12]. In our study, we  tried to an swer if
OPG would be a marker of MetS and its com po nents.

Nabi pour et al. [10] and Park et al. [11] re ported a posi -
tive cor re la tion be tween se rum OPG level and fast ing
plasma glu cose. What’s more, higher se rum OPG lev els
were in de pend ently as so ci ated with type 2 dia be tes [10].
The re la tion ships be tween OPG and HbA1C, fast ing
plasma glu cose and dia be tes have been also de scribed by
Kiechl et al. [6]. Nabi pour et al. [10] also sug gested that
inflammation- driven hy per gyl ce mia, rather than high glu -
cose lev els per se, is in volved in the in crease of OPG
ob served in dia be tes. These find ings are simi lar to our re -
sults be cause in our pa tients with type 2 dia be tes OPG
con cen tra tions were sig nifi cantly higher than in non-
 diabetic sub jects. How ever, we did not find any con nec -
tion be tween OPG and HbA1C.

It has been thought that OPG in hib its vas cu lar cal ci fi ca -
tion [3,7,10]. Ani mal stud ies have shown that os teo-
pro te gerin knock out mice dem on strated os teo po ro sis and
vas cu lar cal ci fi ca tions of the same type as com monly seen in 
dia be tes [4,7,8]. Para doxi cally, clini cal stud ies in di cate that
in hu mans ele vated se rum OPG level is con nected not only
with dia be tes mel li tus but also with coro nary ar tery dis ease,
fu ture car dio vas cu lar events and stroke [10,14]. Re cent ob -
ser va tional and cross- sectional stud ies con firmed a positive
cor re la tion be tween se rum OPG and the se ver ity and pro -
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Fig. 1. The correlation between osteoprotegerin and diastolic
blood pressure in patients with MetS

Fig. 2. The correlation between osteoprotegerin and serum
calcium level in patients with MetS

Fig. 3. The correlation between serum osteoprotegerin and
24-hour urinary calcium level in patients with MetS



gres sion of coro nary ar tery dis ease, athe ro scle ro sis and
vas cu lar cal ci fi ca tion in vari ous pa tient co horts [2,11,13].
In crease of OPG has been as so ci ated with higher mor tal -
ity in dia be tes, coro nary ar tery dis ease, acute coro nary
syn drome and si lent myo car dial ische mia as well [5,8]. In
our study, we ob served that dia bet ics with coro nary ar tery 
dis ease had higher se rum OPG con cen tra tion than sub jects
with out mac ro vas cu lar com pli ca tions which is con sis tent
with men tioned re ports. Ow ing to the fact that the pro tec tive
role of OPG in athe ro scle rotic plaque for ma tion is as sumed,
it has been thought that ele vated level of os teo pro te gerin in
car dio vas cu lar dis eases is as so ci ated with im pair ment of
com pen sa tory mecha nism [6,8,10]. What’s more, an in flam -
ma tion which usu ally co ex ists with car dio vas cu lar dis eases,
may in duce OPG se cre tion be cause pro- inflammatory me -
dia tors en hance OPG ex pres sion and pro duc tion in vas cu lar
cells [5,7]. Some authors sug gested that OPG is an in de -
pend ent risk fac tor for the pro gres sion of athe ro scle ro sis and
on set of car dio vas cu lar dis ease and may pre dict car dio vas -
cu lar events in clud ing a si lent myo car dial ische mia in
as ymp to matic dia betic pa tients [1,6,11].

It is well known that OPG regu lates bone re mod el ing
and thus may play a role in cal cium and phos phate ho meo -
sta sis [3,7]. In our ana lysed group of pa tients, the in verse
cor re la tions be tween OPG con cen tra tions and cal cium
level in the blood and 24- hour uri nary cal cium have been
ob served. Moreo ver, sub jects with a lower phos phate
level in the se rum had lower con cen tra tion of OPG. Fur -
ther in ves ti ga tions should be con ducted to clar ify the
as so cia tion be tween lev els of OPG, cal cium, phos phate
and cal ci fi ca tion of athe ro scle rotic plaques in pa tients
with MetS and type 2 dia be tes.

The re la tion ships be tween OPG con cen tra tions and other
com po nents of meta bolic syn drome such as WC, blood pres -
sure, tri glyc erides and HDL- cholesterol level have been
ana lysed in many stud ies [6,7,10]. Nabi pour et al. [10] re -
ported any as so cia tion be tween OPG and these components
in post meno pausal women. Simi lar find ings have been
shown in study con ducted by Kiechl et al. [6]. In con trast to
them, there are some clini cal stud ies, which in di cate posi tive 
cor re la tions be tween OPG con cen tra tion and cho les terol
level, blood pres sure and WC [7]. Our find ings are con sis -
tent with re ports of Nabi pour et al. and Kiechl et al. [6,10],
ex cept for blood pres sure be cause we ob served the in verse
cor re la tion be tween OPG con cen tra tion and dia stolic blood
pres sure in pa tients with MetS. In ac cor dance with other
reas erch [6,10], any re la tion ships be tween OPG, BMI and
LDL- cholesterol level have been shown in our study.

CONCLUSIONS
To sum up, OPG is not a useful marker of all compo-

nents of MetS. Many studies confirm that its level depends
on presence of hypertension, type 2 diabetes and coronary 

artery disease. This glycoprotein may serve as a marker of 
calcium and phosphate homeostasis. We concluded that
an association between OPG concentration and calcification 
of atherosclerotic plaques in patients with MetS and type
2 diabetes should be analysed in further investigations.
The limitations of our study include a small group of
patients and the lack of a control group, however our
findings are consistent with some reports. Additional
studies are required to clarify the relationships between
OPG and components of MetS because there are only few
reports conducted in such patients.
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