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Abstract. – OBJECTIVE: In this study, we fo-
cused on observation of the genetic polymor-
phisms of the OPG genes G1181C (rs2073618) 
and C290T (rs9525641), their interactions with 
biochemical markers and anthropometric pa-
rameters in groups of postmenopausal Slovak 
women (Roma and non-Roma, n = 311).

PATIENTS AND METHODS: Genomic DNA was 
extracted and purified from peripheral blood leu-
kocytes by the kit Ultraclean® Blood non-spin® 
(Carlsbad, CA, USA) using a standard protocol. 
Genotyping was performed by the TaqMan SNP 
genotyping assay. Biochemical markers were 
measured by the Cobas e411 (Roche Diagnostic, 
Tokyo, Japan) and Cobas Integra400 plus (Roche 
Diagnostic, Rotkreuz, Switzerland) analysers.

RESULTS: We recorded a higher frequen-
cy of the T allele in the C290T polymorphism of 
the non-Roma control group (53.846%), in Ro-
ma groups: control (T - 56.618%) osteoporotic 
(T - 51.471%). In the G1181C polymorphism, the 
CC genotype occurred more in the osteoporotic 
group (34.286%) compared to the control group 
(27.885%). In the group of postmenopausal Ro-
ma women, a statistically significant difference 
(p<0.05) was found between osteoporotic and 
control in the biochemical parameters’ osteo-
calcin, C-terminal telopeptide I, and age. Statis-
tically significant differences (p<0.0001) were al-
so found in bone mineral density and T-score. 
The high odds ratio suggests the association of 
G1181C with osteoporosis. A close relationship 

was found between haplotypes, BMD, T-score, 
and IL-6 in control; and BMI, WHR, T-score, and 
osteocalcin in osteoporotic groups of Roma and 
non-Roma women. 

CONCLUSIONS: The results point to differ-
ences in the occurrence of genotypes and as-
sociations of haplotypes with the manifestation 
of osteoporosis in Roma and non-Roma women. 
However, a larger number of samples is need-
ed to determine whether or not there are differ-
ences between the Roma and non-Roma popu-
lations.

Key Words: 
Biochemical markers, Bone mineral density, Genet-

ic aspects, Menopause, Osteoporosis.

Introduction

Osteoporosis is a multifactorial skeletal disease 
characterized by the deterioration of bone microar-
chitecture, resulting in an increased risk of fractures 
and decreased bone mineral density (BMD)1-7.

Bone turnover control is provided by the 
RANK/RANKL/ osteoprotegerin (OPG) system. 
This physiological mechanism plays an important 
role in bone metabolism as well as in the immune 
and cardiovascular systems. Imbalance in this 
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system leads to inflammatory, bone and genetic 
diseases. RANK (receptor activator of nuclear 
factor-kappa B) is a receptor expressed on preos-
teoclasts. RANKL (receptor activator of nucle-
ar factor-kappa B ligand), which is a ligand for 
RANK and OPG, is synthesized in osteoblasts. 
Interaction between RANKL and RANK stimu-
lates the differentiation and maturation of osteo-
clasts. The effect of RANKL is blocked by OPG, 
which acts as a soluble receptor for RANKL, 
thereby preventing its binding to RANK, leading 
to a reduction in osteoclast maturation and con-
sequently to a reduction in bone resorption. The 
RANKL/OPG ratio determines the rate of bone 
remodeling. Many scientific studies have suggest-
ed that the expression of OPG and RANKL is 
controlled by various cytokines and growth fac-
tors, such as transforming growth factor (TGF), 
insulin-like growth factor (IGF), BMI, and es-
trogen. Any genes involved in the expression of 
any component of the RANK / RANKL / OPG 
pathway are therefore candidate genes for osteo-
porosis6,7. Polymorphisms in the gene for OPG are 
associated with various phenotypes such as low 
BMD8, low T-score in the femoral and lumbar 
spine, increased risk of fracture9,10, and influence 
on biochemical markers of bone turnover11,12. 

In our study, we focused on monitoring the 
genetic polymorphisms of OPG genes G1181C 
(rs2073618) and C290T (rs9525641) in groups of 
postmenopausal Slovak women. This study is 
specific because of the ethnic divergence of gene 
polymorphisms and allelic variants and inter-
actions between the gene, biochemical markers 
and anthropometric parameters. The goal of this 
study was to determine whether the genotypes of 
selected polymorphisms are associated with low 
BMD, anthropometric parameters, or inflamma-
tory markers when comparing the majority popu-
lation with the Roma population.

Patients and Methods

Subjects
The study included 311 postmenopausal wom-

en – 209 women of the majority population 
(non-Roma) and 102 women of the minority pop-
ulation (Roma) (Table I). Both groups of women 
were divided on the basis of clinical screening 
(postmenopausal status, regular menstruation, 
good physical and mental status). Other inclusion 
criteria for enrollment, according to Mydlárová 
Blaščáková et al11, were no medicinal products 

intake that would affect hard tissue metabolism 
(such as heparin, warfarin, cyclosporin, gluco-
corticoids, or thyroid hormones), and densito-
metric measurement in the lumbar spine region 
L1 – L4 (DXA HologicDiscovery, HologicInc., 
Waltham, MA, USA) followed by distribution of 
women according to bone mineral density (BMD) 
T-scores into a control group (≥1.0 – -1, normal 
status), osteopenia (<-1.0 – -2.5) and osteoporosis 
(≤-2.5). T-score represents a comparison of indi-
vidual BMD values to the scale derived from the 
population of healthy young adults of the same 
population at peak bone mass, allowing objective-
ly division of women into groups. BMD values 
showed the comparison of values measured at the 
same sites in women. The study was approved by 
the Ethics Committee of the University of Prešov 
no. 2/2013. The study was conducted after ob-
taining of written informed consent from all in-
dividuals and carried out in accordance with the 
Ethical principles under the Helsinki Declaration. 
Sampling was carried out over 3 years between 
2014–2017.

Anthropological measurements
In the observed groups of women, we mea-

sured body weight (kg), body height (cm), waist 
circumference (cm), and hip circumference (cm) 
(Table I). Bodyweight was measured on a digi-
tal personal scale DM–117 Dimarson (Dimarson 
Elektroniks, Kyiv, Ukraine), with an accuracy 
of 100 g, body height was measured barefoot in 
light clothing by digital height Kinex, 200/0,02 
mm, DIN 862 with a precision of 0.02 mm (KI-
NEX Measuring s.r.o., Prague, Czech Republic) 
as an average of two consecutive measurements. 
Subsequently, data were taken from weight and 
height to calculate body mass index – BMI (kg/
m2). Waist circumference was measured perium-
bilical and hip circumference pertrochanteric us-
ing a textile belt. The measured data were used to 
calculate the waist-hip ratio (WHR) index (waist 
circumference – cm/hip circumference – cm).

Densitometric measurements
Densitometric measurement of postmenopaus-

al women was conducted with a body densitom-
eter DXA Hologic (DXA HologicDiscovery, Ho-
logic Inc., Waltham, MA, USA). Bone mineral 
density (BMD) measurement was performed in 
the lumbar spine (L1 – L4). The device compared 
the measured values of bone mineral density (g/
cm2) with the average value of the healthy pop-
ulation and provided a T-score. Based on the 
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densitometric (T-score) results, according to the 
WHO guidelines, subjects were categorized into 
the control group - normal (T-score ≥1.0 to -1), 
osteopenic group (<-1.0 to -2.5) and osteoporotic 
group (≤-2.5).

Genotyping of polymorphisms
Genomic DNA was isolated from peripher-

al blood into tubes containing the anticoagulant 
(K3EDTA), following the manufacturer’s in-
structions for the  Ultraclean® Blood non-spin® 
DNA Isolation Kit (MO BIO, Laboratories, Inc., 
Carlsbad, CA, USA). Polymorphisms G1181C 
(rs2073618) and C290T (rs9525641) were selected 
based on scientific studies 8-10,12 which are asso-
ciated with different phenotypic manifestations. 

Genotyping was performed by the TaqMan 
SNP genotyping assay (C___1971047_1_; 
C__30171941_10) (Thermo Fisher Scientific, 
Waltham, MA, USA) based on a standard proto-
col. Fluorescence was detected by the method of 
Real-Time PCR using the StepOut™ Real-Time 
PCR System. Mutant genotype was confirmed by 
sequencing and was then used as a positive control 
for each experiment. Genotyping was performed 
by the TaqMan SNP genotyping assay (Thermo 
Fisher Scientific, Waltham, MA, USA).

Biochemical measurements
Venous blood samples were collected from all 

individuals from the vena mediana cubital into 
tubes without anticoagulant. From the blood sam-
ples, blood serum was separated by 377 g cen-
trifugation over 15 minutes (Selecta R, Spain), 
where selected biochemical markers (osteocalcin 
(OC), C-terminal telopeptide I (CTx-I), and IL-6) 
were then measured by the fully automated Co-
bas e411 (Roche Diagnostic, Hitachi HTC Immu-
nochemistry Analyzer, Tokyo, Japan). Mineral 
elements such as Calcium (Ca), Magnesium (Mg) 
and Phosphorus (P) were measured by the Cobas 
Integra400 plus biochemical analyser (Roche Di-
agnostic Ltd., Rotkreuz, Switzerland).

Statistical analysis
The measured data were processed with Excel 

2010 and Statistica ver. 10 (StataCorp. 2007. Stata 
Statistical Software: Release 10. College Station, 
TX, USA). The different parameters were eval-
uated using the statistical characteristics of the 
position (average) and variability (standard de-
viation). To determine the significance of differ-
ences between groups in each parameter, a para-
metric Student’s t-test was. A Kruskal-Wallis test 

(nonparametric analysis of variance) was used to 
detect differences in the median values ​​between 
multiple sets. To determine the statistically sig-
nificant dependence between the two parameters, 
Spearman’s correlation coefficient was used.

For statistical evaluation of the results of in-
dividual polymorphisms, we calculated the 
frequencies of alleles from the examined gen-
otype frequencies using the software Genotyp-
ing (SNPs) (http://ihg2.helmholtz-muenchen.
de/). For statistical evaluation, we used the Chi-
squared test to compare allelic frequencies be-
tween the two groups of women and determine 
the difference in the number of alleles between 
the two groups. A p-value <0.05 was considered 
statistically significant.

The frequencies of the observed haplotypes 
were calculated from the number of detected gen-
otypes using an EM algorithm (expectation-maxi-
mization algorithm), which is part of the Arlequin 
3.1 software package. The statistical significance 
of differences in the number of individual alleles, 
genotypes, and haplotypes of polymorphisms be-
tween patient and control populations was subse-
quently analyzed by Fisher’s exact test. Using the 
MEDCALC® statistical software (https://www.
medcalc.org/calc/comparison_of_means.php), 
mean values were compared ​​with the standard de-
viations of the monitored parameters in individu-
al haplotypes in control and osteoporotic groups 
among postmenopausal women of the Roma and 
non-Roma populations.

Results

This study consisted of 311 postmenopausal 
women of the majority (non-Roma) and minority 
(Roma) population of eastern Slovakia. The pa-
tients of the majority (non-Roma) population were 
divided into groups: control (Control = 104) and 
osteoporotic (OG = 105) based on densitometric 
measurements in the lumbar spine L1 – L4. An 
osteopenic group was not found. Postmenopausal 
women of the minority population (Roma) were 
divided into three groups: control (Control = 68), 
osteopenic (OP = 29), and osteoporotic (OG = 5). 
Given that only 5 postmenopausal women were 
included in the osteoporotic group in the minori-
ty population, we consider this group statistically 
very small (inhomogeneous). On the basis of this 
and other facts (low BMD, higher mean age, high-
er risk of fracture, higher genetic predisposition 
to disease development) and the scientific study 
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by Mamolini et al13, the decision was made to 
combine the osteopenic and osteoporotic groups 
(OP+OG). Table I shows the statistical values ​​of 
selected anthropometric, densitometric and bio-
chemical markers.

These results indicate that significantly higher 
mean values ​​in all anthropometric, biochemical 
and densitometric parameters (except for age) 
were found in the control group of postmeno-
pausal non-Roma women. By means of Student’s 
T-test, a statistically significant difference was 
found between control and OG of postmeno-
pausal women in parameters of BMI, BMD, 
T-score and statistically significant differences 
were found in the biochemical parameters OC 
and phosphorus. A highly statistically signifi-
cant correlation (p<0.01) was declared after cor-
relation analysis between BMD and BMI. Kru-
skal-Wallis nonparametric analysis of variance 
determined statistically significant dependence 
(p<0.05) between the age and BMD in OG post-
menopausal women. The value of BMD gradual-
ly declined with age.

All calculated mean values ​​of biochemical 
parameters were within the range of reference 
values in all groups of postmenopausal Roma 
and non-Roma women. In postmenopausal Ro-
ma women, a statistically significant difference 
was found between OP+OG and control (p<0.05) 
in the biochemical parameters OC and CTx-I 

and in age. Statistically significant differences 
(p<0.0001) were also found in the parameters 
BMD and T-score.

In our research, we also dealt with the repre-
sentation of individual genotypes and the G1181C 
(rs2073618) and C290T (rs9525641) alleles of 
the OPG gene in the monitored groups of wom-
en (postmenopausal non-Roma women vs. post-
menopausal Roma women). Table II provides a 
statistical analysis of the results.

Regarding the C290T (rs2073618) OPG gene 
polymorphism, the heterozygous CT genotype 
was represented at the highest frequency in the 
two monitored groups (postmenopausal non-Ro-
ma and Roma women). Statistical significance in 
the representation of genotypes between control 
and osteoporotic groups was not found in either 
group. The distribution of genotypes and alleles in 
the osteoporotic group was found to be consistent 
with the Hardy-Weinberg equilibrium. The fre-
quency of the alleles in both monitored groups of 
postmenopausal non-Roma women was balanced. 
A higher incidence of the T allele was noted in the 
control group (53.846%), while the frequency of 
the C allele was higher in the osteoporotic group 
(46.190%) compared to the control group. In the 
group of postmenopausal Roma women, a higher 
incidence of the T allele was found in control (C 
– 43.382%, T – 56.618%), and also in OP+OG (C 
– 48.529%; T – 51.471%).

Table I. General characteristics of the subjects.

 	 Postmenopausal non-Roma women	 Postmenopausal Roma women

	 OG 	 Control		  OP+OG 	 Control
 	 n=105	 n=104	 p	 n=34	 n=68	 p

Age (years)	 66.44 ± 9.30	 65.99 ± 9.48	 0.740	 60.18 ± 8.37	 55.68 ± 9.40	 0.020*

Age of onset 	 47.17 ± 4.86	 47.91 ± 4.78	 0.267	 48.26 ± 6.62	 46.67 ± 5.95	 0.223
of menopause (years)	
BMI (kg.m-2)	 26.02 ± 4.16	 29.17 ± 3.94	 0.001**	 33.96 ± 6.35	 36.30 ± 7.69	 0.129
WHR (cm)	 0.91 ± 0.08	 0.92 ± 0.08	 0.270	 0.97 ± 0.07	 0.95 ± 0.06	 0.1377
BMD (g/cm2)	 0.56 ± 0.08	 0.72 ± 0.09	 0.0001**	 0.36 ± 0.08	 0.74 ± 0.31	 0.0001**

T-score	 - 2.92 ± 0.43	 - 0.27 ± 0.67	 0.0001**	 - 1.95 ± 0.80	 1.41 ± 2.78	 0.0001**

OC (μg.l-1)	 13.65 ± 8.12	 15.93 ± 6.26	 0.024*	 20.50 ± 8.76	 16.50 ± 8.10	 0.024*

CTx-I (ng.l-1)	 0.19 ± 0.10	 0.20 ± 0.16	 0.859	 0.29 ± 0.19	 0.21 ± 0.14	 0.018*

Ca (mmol.l-1)	 2.48 ± 0.39	 2.52 ± 0.14	 0.233	 2.43 ± 0.17	 2.44 ± 0.36	 0.878
P (mmol.l-1)	 1.55 ± 0.94	 1.32 ± 0.22	 0.016*	 1.31 ± 0.23	 1.32 ± 0.24	 0.841
Mg (mmol.l-1)	 0.87 ± 0.12	 0.88 ± 0.08	 0.518	 0.82 ± 0.08	 0.82 ± 0.12	 1.000
IL-6 (pg/ml)	 3.82 ± 9.03	 2.55 ± 4.06	 0.192	 3.68 ± 2.90	 4.26 ± 4.86	 0.524

Abbreviations: BMI – body mass index; WHR – waist to hip ratio; BMD – bone mineral density; OC – osteocalcin; CTx-I – 
C- terminal telopeptide of type I collagen (β cross laps); Ca – calcium; P – phosphorus, Mg – magnesium; IL-6 – interleukin 6. 
Statistical significance at *p<0.05; **p<0.01.
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In the G1181C polymorphism (rs2073618), the 
heterozygous genotype GC (Control – 49.038%; 
OG – 44.762%) was represented in the highest 
frequency group in postmenopausal non-Roma 
women and the CC genotype was more preva-
lent in the osteoporotic group (34.286%) than the 
control group (27.885%). The distribution of gen-
otypes and alleles was consistent with the Har-
dy-Weinberg equilibrium. No statistical signifi-
cance of genotypes and alleles was found between 
control and osteoporotic groups in either popula-
tion studied. In the populations of postmenopaus-
al non-Roma women, a higher frequency of the G 
allele was found in the control group (47.596%) 
than in the osteoporotic group (43.333%). The fre-
quency of the C allele was higher in the osteo-
porotic group (56.667%) compared to the control 
group (52.404%). Similarly, it was also found in 
the populations of postmenopausal Roma wom-
en, where we found a higher frequency of oc-
currence of the C allele in Control (C – 41.176%, 
G – 58.824%) and in OP+OG (C – 60.294%, T 
– 39.706%).

By comparing the haplotype frequencies of 
SNPs C290T and G1181C, no statistical significance 
was found in the haplotypes of patients diagnosed 
with osteoporosis compared with control groups 
(non-Roma population of postmenopausal women 
– χ2=5.153, p<0.161; Roma population of postmeno-
pausal women – χ2=1.203, p<0.752) (Table III). 

In our monitored set of postmenopausal Roma 
and non-Roma women, we found the presence of 
all 9 genotypes (Table III). Combined genotypes 
in the two populations of postmenopausal wom-
en were not statistically significantly different 
between patients with osteoporosis and controls 
(non-Roma population of postmenopausal wom-
en - χ2=11.715, p<0.164; Roma population of post-
menopausal women – χ2=2.821, p<0.945). 

Comparison of allele, genotypes and haplo-
types frequencies between groups of postmeno-
pausal women with diagnosed osteoporosis and 
healthy individuals revealed no statistically sig-
nificant differences, suggesting that these poly-
morphisms are not associated with postmeno-
pausal osteoporosis in the Slovak population of 
non-Roma and Roma women. 

Based on these results, we decided to compare 
the mean values ​​and standard deviations of the 
monitored parameters in individual haplotypes in 
the control and osteoporotic groups of postmeno-
pausal women of the Roma and non-Roma popu-
lations using the MEDCALC® statistical software 
(Ostend, Belgium). Table IV shows the statistical 

p-value calculated by the T-test. Statistically, sig-
nificant differences are marked with the moni-
tored parameters.

Discussion

The Slovak Republic is a multinational state. 
According to the last census of the Slovak popula-
tion in 2011, 1.96% of citizens claimed the Roma 
ethnic group. The health status of the Roma pop-
ulation is unsatisfactory and conditional on multi-
ple factors: inadequate health care for own health 
as well for the health of children, lack of hygiene, 
frequent alcoholism and smoking, inappropriate 
housing, etc. 

Within the Roma ethnic group, there is a 
greater inter-population genetic variability than 
in non-Roma populations. It is assumed that the 
present diversity of the Roma ethnic group re-
flects, at least partially, the situation before leav-
ing their original homeland14.

 At present, there are few scientific studies deal-
ing with Roma morbidity compared to other pop-
ulations. The main reason for this being that this 
ethnic group lives in isolation and often changes 
the location of residence. Roma constitutes a ge-
netic isolate that is internally differentiated into 
more or less isolated groups, with a small inter-
population flow of genetic information and with 
a significant role of the primary, secondary, and 
tertiary effects of the founder. For these reasons, 
we also decided to include postmenopausal Roma 
women in our research group.

Only a few scientific studies are devoted to 
the C290T polymorphism. Mencej et al15, found 
that the polymorphisms rs9525641 and rs9533156 
are associated with low BMD in the femoral 
and lumbar spine. Mencej-Bedrač et al16 found 
that the C290T polymorphism is associated with 
low BMD value in osteoporotic postmenopausal 
women in a population of 641 Slovenian individ-
uals divided into four groups - osteoporotic (239 
postmenopausal women), control (228 postmeno-
pausal women), premenopausal women (57 wom-
en), and a group of older men (117 individuals), 
based on statistical analysis. The C290T poly-
morphism has not shown an effect on BMD in 
premenopausal women or elderly men. The gen-
otype frequencies in the control group were CC 
(24.1%), CT (46.5%), TT (29.4%). The genotype 
frequencies in the postmenopausal osteoporotic 
group were – CC (20%), CT (49.2%), TT (30.8%). 
The results of our study, in a group of postmeno-
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pausal Slovak non-Roma women, do not coincide 
with the results of Mencej-Bedrač et al16 regarding 
genotype frequencies within the C290T polymor-
phism (rs9525641). Results of genotype frequen-
cies in the control group of postmenopausal Roma 
women (CC 19.12%, CT 48.53%, TT 32.35%) are 
similar to those reported by Mamolini et al13 who 
conducted research on postmenopausal Italian 
women (CC 17.95%, CT 48.72%, TT 33.33%). The 
results of the allele frequencies were the same in 
both groups of postmenopausal non-Roma wom-
en as in the SNP polymorphism database (www.
ncbi.nlm.nih.gov). In the OP+OG group of the 
postmenopausal Roma women, differences were 
found in the representation of the allele frequen-
cies (C 44.64%, T 55.36%).

Takács et al17 observed a higher BMD value 
within the TT genotype in their study of 360 post-
menopausal Hungarian women (C290T polymor-
phism). The authors report that a higher proportion 
of genotypes containing at least one mutated allele 
(C) was measured in the osteoporotic group (27%) 
vs. the control group (20.3%). In our study, we also 
observed higher bone density (non-Roma control: 
0.59 ± 0.11 g/cm2, Roma control: 0.76 ± 0.39 g/cm2) 
in the TT genotype in Roma and non-Roma control 
groups. Based on our findings and scientific stud-
ies by Takács et al17 and Mamolini et al13 we can 
state that the TT genotype may represent a protec-
tive antagonist against bone resorption.

On the basis of the statistical evaluation of the 
multiple comparisons of values ​​by Kruskal-Wal-
lis non-parametric analysis of variance, we found 
a statistically significant difference (p<0.05) in 
BMI parameters between genotypes CC – TT, CT 
– CC, in the osteoporotic group of postmenopaus-
al non-Roma women. We also found a significant 
relationship between the C290T polymorphism 
and BMI in the osteoporotic group of the major-
ity population. For the remaining monitored pa-
rameters, no relationship was confirmed with the 
C290T polymorphism in either group. 

While authors of other studies18-20 have not 
found any relationship of polymorphism G1181C 
(rs2073618) with postmenopausal osteoporosis, 
they point to the discovery of different outcomes 
within ethnic groups as well as between the areas 
of the same state within the same ethnic group. 
The authors’ association studies point to the asso-
ciation of G1181C polymorphism with osteoporot-
ic phenotype expression10,21-24. In contrast to these 
studies, other authors revealed a non-significant 
association of G1181C polymorphism with the ex-
pression of this phenotype9, 25-27.

Seremak-Mrozikiewicz et al28 did not detect 
significant differences in genotype frequencies 
of G1181C (rs2073618) polymorphism in their 
study of 310 postmenopausal women divided 
into three groups (osteoporotic, osteopenic, con-
trol). The frequency of genotypes in the osteo-
porotic group was as follows: GG (19.40%), GC 
(52.50%), CC (28.10%), frequency of the G allele 
was 45.7%, and the C allele 54.3%. The effect of 
this polymorphism on bone density, according to 
the authors, remains unclear. They assume that 
the third amino acid, lysine, is exchanged for as-
paragine. This may cause changes in kinetics and 
the secretion of this protein. In our study, in the 
osteoporotic group of non-Roma women, differ-
ent genotype rates were found (GG 20.95%, GC 
44.76%, CC 34.29%) and allele rates (G 43.33% 
and C 56.57%) as reported by Seremak-Mrozik-
iewicz et al28. When comparing the frequency 
representation of the G1181C polymorphism allele 
(rs2073618) according to the SNP polymorphism 
database (www.ncbi.nlm.nih.gov), we found a 
higher incidence of the C allele in the osteopo-
rotic group of postmenopausal non-Roma women 
and in both monitored Roma groups (non-Roma 
control: 56.67%, Roma control: 61.03%, Roma 
OP+OG: 57.14%).

Differences in allelic frequencies were report-
ed by Moffett et al29, Richards et al30, Styrkarsdot-
tir et al31, Styrkarsdottir et al32, Paternoster et al33, 

Kim et al23 and Piedra et al34 pointing to a higher 
BMD value in the lumbar spine region of women 
with the CC genotype than women with the GC or 
GG genotypes. Also, Choi et al22 found that wom-
en with the CC genotype had a 7% higher BMD 
value in the distal radius and a 10% higher bone 
area in the hepatic area (os calacaneus) compared 
to a group of women with GG genotype in post-
menopausal Korean women. In our study, there 
was no confirmed association of CC genotype 
with higher BMD in any group.

We found a statistically significant association 
(p<0.01) between BMD and BMI, and between 
age and BMD (p<0.05) in OG of postmenopausal 
non-Roma women. The results of our study show 
that differences in genotype and allele frequency be-
tween populations (Roma vs. non-Roma) and groups 
(control group vs. osteoporotic group) are not sig-
nificant in the investigated polymorphisms C290T 
(rs9525641) and G1181C (rs2073618). However, we 
decided to perform a haplotype analysis. The T-test 
results calculated by software MEDCALC® (https://
www.medcalc.org/calc/comparison_of_means.
php) showed statistically significant difference 
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(p<0.0001) in the parameters BMD, T-score, and 
IL-6 analysed in all haplotypes (CG, TG, CC, TC) 
comparing the control group of postmenopausal 
Roma and non-Roma women. When comparing 
the osteoporotic group of the non-Roma population 
with the OP+OG of Roma population, we found a 
statistically significant difference (p<0.0001) in 
parameters BMI, WHR, BMD, T-score, and OC 
in all observed haplotypes (Table IV). The results 
of our study are very difficult to compare with 
the results of other scientific studies dealing with 
the same issue as the authors investigating other 
haplotypes did not address the issue of the Roma 
population in Slovakia. However, they point to 
differences between Roma and non-Roma popu-
lations and the association G1181C polymorphism 
with osteoporosis manifestation. 

Conclusions

The results of our study provide preliminary 
information and point to significant differences in 
the representation of genotypes and alleles of the 
polymorphisms C290T (rs9525641) and G1181C 
(rs2073618) among the populations (Roma vs. 
non-Roma) and the monitored groups (control 
group vs. osteoporotic group) of postmenopaus-
al Slovak women. There were significant differ-
ences between some anthropometric parameters 
in Roma and non-Roma control and osteoporotic 
groups in BMD, T-score and OC. Within Roma 
groups, CTx-I and P levels also differed. Accord-
ing to the odds ratio, there is an association be-
tween G1181C polymorphism and osteoporosis. 
We found a  closer relationship between BMD, 
T-score and IL-6 levels in control groups and 
BMI, WHR, T-score, OC, and haplotypes in oste-
oporotic groups of Roma and non-Roma women. 
As allele frequencies showed no significant differ-
ence in either Roma or non-Roma control groups, 
it will be more appropriate to extend the study by 
a significantly larger number of analysed samples 
to confirm if there are population differences. 

Acknowledgements
We would like to thank the Excellence Centre of Animal 
and Human Ecology, University of Prešov for the opportu-
nity to conduct our research.

Conflict of Interest
The Authors declare that they have no conflict of interests.

Funding
This work was supported by the Agency of the Ministry 
of Education, Science, Research and Sport of the Slovak 
Republic, the project VEGA no. 1/0461/19, and the Grant 
Agency for PhD students and young scientists of Universi-
ty of Presov in Presov no. GaPU 25/2017.

References

  1)	 Sözen T, Özişik L, Başaran NÇ. An overview and 
management of osteoporosis. Eur J Rheumatol 
2017; 4: 46-56.

  2)	 Gennari L, Becherini L, Falchetti A, Masi L., Mas-
sart F, Brandi ML. Genetics of osteoporosis: role 
of steroid hormone receptor gene polymorphisms. 
J Steroid Biochem 2002; 81: 1-24.

  3)	 Ralston SH, de Crombrugghe B. Genetic regula-
tion of bone mass and susceptibility to osteoporo-
sis. Gene Dev 2006; 20: 2492-2506.

  4)	 Kanis JA, Melton LJ 3rd, Christiansen C, John-
ston CC, Khaltaev N. The diagnosis of osteoporo-
sis. J Bone Miner Res 1994; 9: 1137-1141.

  5)	 Rachner TD, Khosla S, Hofbauer LC. Osteoporosis: 
now and the future. Lancet 2011; 377: 1276-1287. 

  6)	 Cvijetic S, Grazio S, Kosovic P, Uremovic M, 
Nemcic T, Bobic J. Osteoporosis and polymor-
phisms of osteoprotegerin gene in postmeno-
pausal women – a pilot study. Reumatologia 
2016; 54: 10-13.

  7)	 Wolski H, Drews K, Bogacz K, Kamiński A, Barlik 
M, Bartkowiak-Wieczorek J, Klejewski A, Oza-
rowski M, Majchrzycki M, Semerak-Mrozikiewicz 
A. The RANKL/RANK/OPG signal trail: Signifi-
cance of genetic polymorphisms in the etiology of 
postmenopausal osteoporosis. Ginekol Pol 2016; 
87: 347-352.

  8)	 Zajíčková K, Zemanová A, Hill M. Is A163G poly-
morphism in the osteoprotegerin gene associated 
with heel velocity of sound in postmenopausal 
women? Physiol Res 2008; 57: 153-157.

  9)	 Ueland T, Bollerslev J, Wilson SG, Dick IM, Iskam 
BH, Devine A, Prince RL. No associations be-
tween OPG gene polymorphisms or serum levels 
and measures of osteoporosis in elderly Austra-
lian women. Bone 2007; 40: 175-181.

10)	 Langdahl BL, Carstens M, Stenkjaer L, Eriksen 
EF. Polymorphism in osteoprotegerin gene are 
associated with osteoporotic fractures. J Bone 
Miner Res 2002; 17: 1245-1255. 

11)	 Mydlárová Blaščáková M, Blaščáková Ľ, Poráčová 
J, Mydlár J, Vašková J, Bernasovská J, Boroňová 
I, Petrejčíková E, Bernasovský I. Relationship be-
tween A163G osteoprotegerin gene polymorphism 
and other osteoporosis parameters in Roma and 
non‐Roma postmenopausal women in eastern 
Slovakia. J Clin Lab Anal 2017; 31: e220093.

12)	 Jørgensen HL, Kusk P, Madsen B, Fenger M, 
Lauritzen JB. Serum osteoprotegerin (OPG) and 
the A163G polymorphism in the OPG promoter 
region are related to peripheral measures of bone 
mass and fracture odds ratios. J Bone Min Metab 
2004; 22: 132-138.



M. Mydlárová Blaščáková, J. Mydlár, E. Petrejčíková, J. Vašková, J. Poráčová

2192

13)	 Mamolini E, Cervellati C, Greco P, Carrieri A, 
Massari L, Crivellari I, Scapoli C, Bonaccorsi G. 
VDR, RANKL and OPG polymorphisms as pos-
sible predisposing cofactors of postmenopausal 
osteoporosis: explorative study in Italian popula-
tion. Gynecol Endocrinol 2017; 33: 937-941.

14)	 Bernasovsky I, Bernasovska J. Anthropology of 
Romanies (Gypsies). Brno: Brno Nauma and Uni-
versitas Masarykiana, 1999.

15)	 Mencej S, Prezelj J, Kocijancic A, Ostanek B, 
Marc J. Association of TNFSF11 gene promoter 
polymorphisms with bone mineral density in post-
menopausal women. Maturitas 2006; 55: 219-226.

16)	 Mencej-Bedrac S, Kocjan T, Prezelj J, Kocjan 
T, Teskac K, Ostanek B, Smelcer M, Marc J. 
Gene–gene interactions between VDR, OPG and 
TNFSF11 genes and bone mineral density. Bone 
2009; 44: 349.

17)	 Takács I, Lazáry Á, Kósa JP, Kiss J, Balla B, Nagy 
Z, Bácsi K, Speer G, Lakatos P. Allelic variations 
of RANKL/OPG signaling system are related to 
bone mineral density and in vivo gene expres-
sion. Eur J Endocrinol 2010; 162: 423-431.

18)	 Zhao HY, Liu JM, Ning G, Zhao YJ, Zhang LZ, Sun 
LH, Xu MY, Uitterlinden AG, Chen JL. The influ-
ence of Lys3Asn polymorphism in the osteopro-
tegerin gene on bone mineral density in Chinese 
postmenopausal women. Osteoporos Int 2005; 
16: 1519-1524.

19)	 Mencej-Bedrač S, Preželj J, Marc J. TNFRSF11B 
gene polymorphisms 1181G > C and 245T > G as 
well as haplotype CT influence bone mineral den-
sity in postmenopausal women. Maturitas 2011; 
69: 263-267.

20)	 Wynne F, Drummond F, O’Sullivan K, Daly M, 
Shanahan F, Molloy MG, Quane KA. Investigation 
of the genetic influence of the OPG, VDR (Fok1), 
and COLIA1 Sp1 polymorphisms on BMD in the 
Irish population. Calcif Tissue Int 2002; 71: 26-35.

21)	 Arko B, Prezelj J, Kocijancic A, Komel R, Marc J. 
Association of the osteoprotegerin gene polymor-
phisms with bone mineral density in postmeno-
pausal women. Maturitas 2005; 51: 270-279.

22)	 Choi JY, Shin A, Park SK, Chung HW, Cho SI, 
Shin CS, Kim H, Lee KM, Lee KH, Kang C, Cho 
DY, Kang D. Genetic polymorphisms of OPG, 
RANK, and ESR1 and bone mineral density in 
Korean postmenopausal women. Calcif Tissue 
Int 2005; 77: 152-159.

23)	 Kim JG, Kim JH, Kim JY, Seung Y, Jee BC, Suh 
CS, Kim SH, Choi YM. Association between os-
teoprotegerin (OPG), receptor activator of nu-
clear factor-kappaB (RANK), and RANK ligand 
(RANKL) gene polymorphisms and circulating 
OPG, soluble RANKL levels, and bone miner-
al density in Korean postmenopausal women. 
Menopause 2007; 14: 913-918.

24)	 García-Unzueta MT, Riancho JA, Zarrabeitia MT, 
Sañudo C, Berja A, Valero C, Pesquera C, Paule 
B, González-Macías J, Amado JA. Association of 
the 163A/G and 1181G/C osteoprotegerin poly-
morphism with bone mineral density. Horm Metab 
Res 2008; 40: 219-224.

25)	 Vidal C, Brincat M, Xuereb AA. TNFRSF11B gene 
variants and bone mineral density in postmeno-

pausal women in Malta. Maturitas 2006; 53: 386-
395.

26)	 Dong, SS, Liu XG, Chen Y, Guo Y, Wang L, Zhao 
J, Xiong DH, Xu XH, Recker RR, Deng HW. As-
sociation analyses of RANKL/ RANK/OPG gene 
polymorphisms with femoral neck compression 
strength index variation in Caucasians. Calcified 
Tissue Int 2009; 85: 104-112. 

27)	 Boroňová I, Bernasovská J, Mačeková S, Pe-
trejčíková E, Tomková Z, Kľoc J, Poráčová J, 
Mydlárová Blaščáková M, Litavcová E. TNFRS-
F11B gene polymorphisms, bone mineral density, 
and fractures in Slovak postmenopausal women. 
J Appl Genetics 2015; 56: 57-63.

28)	 Seremak-Mrozikiewicz A, Barlik M, Drews K, Bo-
gacz A, Tatuśko J, Piotrowska A, Mrozikiewicz M. 
The genetic variants of RANKL/RANK/OPG signal 
trial in postmenopausal women with osteopenia and 
osteoporosis. Arch Perinat Med 2011; 17: 72-80.

29)	 Moffett SP, Oakley JI, Cauley JA, Lui LY, Ensrud 
KE, Taylor BC, Hillier TA, Hochberg MC, Cayaby-
ab S, Lee JM, Peltz G, Cummings SR, Zmuda JM, 
Study of Osteoporotic Fractures Research Group. 
Osteoprotegerin Lys3Asn polymorphism and the 
risk of fracture in older women. J Clin Endocrinol 
Metab 2008; 93: 2002-2008.

30)	 Richards JB., Rivadeneira F, Inouye M, Pastinen TM, 
Soranzo N, Wilson SG, Andrew T, Falchi M, Gwilliam 
R, Ahmadi KR, Valdes AM, Arp P, Whittaker P, Ver-
laan DJ, Jhamai M, Kumanduri V, Moorhouse M, van 
Meurs JB, Hofman A, Pols HAP, Hart D, Zhai G, Kato 
BS, Mullin BH, Zhang F, Deloukas P, Uitterlinden AG, 
Spector TD. Bone mineral density, osteoporosis, and 
osteoporotic fractures: a genome-wide association 
study. Lancet 2008; 371: 1505-1512.

31)	 Styrkarsdottir U, Halldorsson BV, Gretarsdottir S, 
Gudbjartsson DF, Walters GB, Ingvarsson T, Jons-
dottir T, Saemundsdottir J, Center JR, Nguyen TV, 
Bagger Y, Gulcher JR, Eisman JA, Christiansen C, 
Sigurdsson G, Kong A, Thorsteinsdottir U, Stefans-
son K. Multiple genetic loci for bone mineral density 
and fractures. N Engl J Med 2008; 358: 2355-2365.

32)	 Styrkarsdottir U, Halldorsson BV, Gudbjartsson 
DF, Tang NLS, Koh JM, Xiao SM, Kwok TCY, Kim 
GS, Chan JCN, Cherny S, Lee SH, Kwok A, Ho 
S, Gretarsdottir S, Pop Kostic J, Palsson ST, Sig-
urdsson G, Sham PC, Kim BJ, Kung AWC, Kim 
SY, Woo J, Leung PC, Kong A, Thorsteinsdottir 
U, Stefansson K. European bone mineral density 
loci are also associated with BMD in East-Asian 
populations. PLoS One 2010; 5: e13217.

33)	 Paternoster L, Ohlsson C, Sayers A, Vanden-
put L, Lorentzon M, Evans DM, Tobias JH. OPG 
and RANK polymorphisms are both associated 
with cortical bone mineral density: findings from 
a metaanalysis of the Avon longitudinal study of 
parents and children and gothenburg osteoporo-
sis and obesity determinants cohorts. J Clin En-
docrinol Metab 2010; 95: 3940-3948.

34)	 Piedra M, García-Unzueta MT, Berja A, Paule 
B, Lavín BA, Valero C, Riancho JA, Amado JA. 
Single nucleotide polymorphisms of the OPG/
RANKL system genes in primary hyperparathy-
roidism and their relationship with bone mineral 
density. BMC Med Genet 2011; 12: 168.


