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Abstract

Purpose To investigate the association between C421T

polymorphism within exon 4, C575T polymorphism within

exon 6 of the RANK gene and bone mineral density

(BMD) variations in postmenopausal Turkish women.

Methods One hundred seventy-eight postmenopausal

women (patients = 100 and controls = 78) who applied to

Ege University Faculty of Medicine, Department of Phys-

ical Medicine and Rehabilitation, for osteoporosis exami-

nation were analyzed. BMDs of the lumbar spine and

femoral sites were measured. Patient and control groups

were established based on their T-score values being above

and/or below -1. After venous blood sampling, C421T and

C575T polymorphisms of the RANK gene were assessed

through PCR process following DNA extraction.

Results Genotype frequencies for the C421T and C575T

polymorphisms were compared between the control group

and the patient group. No significant difference was

detected between the two groups for both polymorphisms.

There was also no significant difference between the con-

trol and patient groups in terms of the combined genotype

(p = 0.752) and the combined haplotype analysis of the

C421T and C575T polymorphisms (p = 0.723). In the

control and patient groups separately, no significant dif-

ferences in BMD values either at the femoral sites or at the

lumbar spine were detected between the combined geno-

types of the two polymorphisms.

Conclusions The genotypes, combined genotypes and

allele frequencies of C421T and C575T polymorphisms of

the RANK gene have not been found to be associated with

BMD in Turkish women. Further studies including both

sexes and more cases are required.

Keywords Osteoporosis � Polymorphism � RANK � Bone

mineral density

Introduction

Osteoporosis is a chronic, progressive and multifactorial

disease of the bone metabolism, characterized by increase

in bone fragility and risk of fracture resulting from a

decrease in bone strength [1].

Osteoporosis, under the influence of multiple genetic,

physical, hormonal and nutrition-related pathogenetic fac-

tors, either alone or combined, leads to a loss in bone mass

and disruption in bone micro-architecture [2, 3]. It has been

estimated that genetic factors account for up to 70 % of

individual variance in bone mineral density [4].

Due to the fact that osteoporosis is a polygenic disease,

studies comparing normal and osteoporotic individuals

must be carried out in order to identify the possible roles of

specific genes in the pathogenesis of osteoporosis. This has

recently been demonstrated through estrogen receptor

polymorphisms [5].

Many studies tried to find the candidate gene for oste-

oporosis with the conflicting data in various populations

and the results are usually controversial. Til date, only a
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Department of Medical Genetics,

Ege University Faculty of Medicine, Izmir, Turkey

V. Turan � K. Öztekin
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few genes that are strongly relevant to BMD and risk of

fracture have been identified. Five epidemiologic cohort

studies were examined for 150 candidate genes which might

be relevant to BMD and risk of fracture in 19,195 adult

Europeans 14,277 of whom were females in a meta-analysis

by Richard et al. [6]. It was reported that single nucleotide

polymorphisms (SNPs) in several genes have not showed a

significant relationship with BMD and risk of fracture. In the

same meta-analysis, 241 SNPs, which have been found in nine

genes [lipoprotein receptor-related protein-4 (LRP4), LRP5,

tumor necrosis factor superfamily-11 (TNFSF11) or receptor

activator of nuclear factor kappa B ligand (RANKL), tumor

necrosis factor receptor superfamily-11A (TNFRSF11A =

RANK), TNFRSF11B (OPG = osteoprotegerin), secreted

phosphoprotein-1(SPP1) (OPN = osteopontin), integrin

alpha-1 (ITGA1), SOST gene (gene product sclerostin) and

estrogen receptor-1 (ESR1)] have been reported to be asso-

ciated with BMD at the femoral neck and/or lumbar regions.

Recently, it has been discovered that NF-jB (RANK)

and RANK ligand (RANKL) system play an important role

in the bone remodeling. It has been reported that the acti-

vating mutation of exon 1 of the RANK gene results in

an increase of RANK-mediated nuclear factor kappa B

(NF-jB) signaling, osteoclast formation and osteoclastic

activity [7]. The association of the RANK gene polymor-

phisms and BMD has been examined in various studies,

and varying results depending on sex, ethnic origin and

differences in the bone regions have been reported [8]. If

we consider the genes responsible for the bone remodeling,

RANK comes forward among all and the two polymor-

phisms (C421T and C575T) in RANK gene were the two

strong candidates for which the results obtained have been

inconsistent and depend on the ethnicity of study partici-

pants [10–12]. Therefore, we decided to investigate the

possible association between the suggested polymorphisms

of the RANK gene and bone mineral density in postmen-

opausal Turkish women. Besides, there has been no study

reported in the Turkish population with these polymor-

phisms up to date. Therefore, we aimed to investigate the

association between C421T (rs35211496) and C575T

(rs1805034) RANK gene polymorphisms and BMD varia-

tions at the femoral and lumbar regions (which has not

been reported in Turkish population) in postmenopausal

Turkish women aged between 45 and 65 years.

Materials and methods

Study population

Postmenopausal women (n = 178) aged between 45 and

65 years who applied to Ege University Faculty of Medi-

cine, Department of Physical Medicine and Rehabilitation

and Department of Gynaecology and Obstetrics outpatient

clinics for osteoporosis between January 2008 and April

2010 were enrolled to the study. Cases having normal

BMD values were included in the control group (n = 78)

and cases having low BMD values in the patient group

(n = 100). BMD was considered as ‘‘low’’ if T-score at the

lumbar spine and/or femoral sites (femur neck and total)

was below -1; and ‘‘normal’’ if T-scores at the femoral

and lumbar regions were -1 and/or higher. The study was

approved by the Research Ethics Committee of Ege Uni-

versity Faculty of Medicine. Written informed consent was

obtained from all the participants before enrollment into

the study. To determine the homogeneity of the patient and

the control groups, all of the participants were subjected to

the same questionnaire including the factors which have

been possibly considered to be affecting BMD. All the

volunteers were questioned in terms of weight, height,

body-mass index (BMI), menarche and menopause age,

duration of reproductive time period, cumulative preg-

nancy period in reproductive period, breast-feeding dura-

tion, physical activity score and alcohol and nicotine

consumption (pack-year). The daily amount of alcohol

intake was calculated as gram/day using the DIARI, an

individual records type and volume (in liter) of drinks in

the categories of beer, wine, Turkish raki and others. BMD

values and T-score values at the femoral and lumbar

regions of the cases were also recorded. Menopause was

identified as the amenorrhea for at least 12 consecutive

months and with FSL levels [40 IU/L and confirmed by

detailed history and exam [9].

Cases having a history of any bone disease or autoim-

mune disease, endocrine or metabolic disease which can

affect bone metabolism and history of treatment relevant to

these diseases (thyroid or parathyroid dysfunction, Cush-

ing’s disease, Addison’s disease, acromegaly, Paget’s dis-

ease, osteomalacia, type 1 or type 2 diabetes mellitus),

history of inflammatory rheumatologic pathology, neuro-

logic disease which can lead to low BMD or history of

immobilization for more than 3 months, history of treat-

ment which can affect BMD (bisphosphonate, strontium

ranelate, calcium and vitamin D, teriparatide, etc.), expo-

sure to oral/inhaler/intravenous glucocorticoid, malab-

sorption, cardiac or liver failure, renal disease, history of

anticoagulant treatment, malignancy, history of anticon-

vulsant drug use, hormone replacement therapy, past/cur-

rent chronic alcoholism, surgical menopause, menopause

before the age of 40 were excluded from the study.

Body-mass index (BMI) was calculated for all the cases

included in the study by the formula of dividing body

weight (kg) by the square of height (m2). BMD values at

the lumbar spine (L1–L4 vertebra), and femoral sites

(femur total and femoral neck) were measured in g/cm2

using Hologic QDR 4500 dual energy X-ray
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absorptiometry machine (Hologic QDR Delphi-A, Bed-

ford, MA 01730, USA). T-scores for the same regions were

also recorded. The coefficient variation of this technique

using the Hologic QDR 4500 densitometer is 1.0 % for the

lumbar spine and 1.0 % for the total femur in our clinic.

DNA extraction

Venous blood was drawn into 2 ml collection tubes with

EDTA from patients (n = 78) and controls (n = 100).

DNA extraction was performed with Magna Pure LC

(Roche Molecular Biochemicals, Mannheim, Germany) kit

according to the established protocol. Success of DNA

extraction was confirmed by 2 % agarose gel.

Detection of RANK gene C421T polymorphism

In order to detect the RANK gene C421T polymorphism

within exon 4; PCR was performed using Forward:

50tctgggctggatgttggatagc30 and Reverse: 50 tagcaccctgga

gctttcttgc30 primers. PCR reaction mixture consisted

12.2 ll distilled water, 2.5 ll 109 PCR buffer, 2 ll MgCl2
(25 mM), 1 ll dNTP (deoxynucleotide triphosphate)

(4 9 25 lmol), primers (1 ll each) and 0.3 ll Taq poly-

merase (Fermentas, Thermo Scientific, Waltham, MA,

USA). PCR conditions were set as: 95 �C–3 min, 33 cycles

of 95 �C–40 s/56 �C–40 s/72 �C–45 s, 72 �C–10 min.

After amplification, purification was carried out in order to

eliminate excess PCR components (Fermentas Genejet

PCR Purification Kit, Thermo Scientific, Waltham, MA,

USA). Subsequent to purification, chain termination

method was performed using Big Dye Terminator kit

(Applied Biosystems, Foster City, CA, USA) according to

the cycle sequencing protocol with standard techniques.

Another purification process was carried out in order to

remove the excess fluorescent-marked dideoxy nucleoside

triphosphates (ddNTPs) PCR components emerging after

the sequence process (Zymo Research DNA Sequencing

Clean Up Kit, Zymo Research Inc, Orange, CA, USA).

After the purification, samples were conducted on the ABI

310 (Applied Biosystems, Foster City, CA, USA) sequen-

cer in line with the sequence protocol. Each sample was

analyzed using Gene-Mapper software (Applied Biosys-

tems, Foster City, CA, USA). Genotyping for RANK gene

in exon 4 was performed using Chromas available at

http://www.ncbi.nlm.nih.gov.

Detection of RANK gene C575T polymorphism

In order to detect the RANK gene C575T polymor-

phism within exon 6; PCR was performed using Forward:

50ggggattcaaatgtccaagaagg30 and Reverse: 50catgcacgggat

gaaataaaggg30 primers. PCR reaction mixture was the same

as the one mentioned above for C421T. PCR conditions

were set as; 95 �C–3 min, 33 cycles of 95 �C–40 s/56 �C–

40 s/72 �C–45 s, 72 �C–10 min. After amplification,

PCR–RFLP method was used for genotyping. Briefly, a

mixture of 10 ll of PCR product, 2 ll of buffer, and 1 ll of

SsiI enzyme was incubated for 2 h at 37 �C.

Digested PCR products were visualized by 3.5 % aga-

rose gel. Uncut PCR product was identified as 353 bp. In

case of CC genotype, 188- 130- 36-bp bands would be

obtained. In CT genotype, 316- 188- 130- 36-bp products

and in TT genotype 316- 37-bp products were expected.

Statistical analysis

The prevalence of osteoporosis in women between the ages

of 50 and 60 was assumed to be in the range of 40–55 %.

Sample size estimations with the computer software PASS

(version 6.0) indicated that 256 patients were needed to

attain 80 % statistical power, assuming an alpha of 0.05.

Lack of funding and a short time period gave rise to a

power under 80 % in the present study.

Variables that conform to normal distribution (e.g., age,

height, BMD values) were given as mean and standard

deviation (mean ± SD); continuous variables that do not

conform to normal distribution (e.g., breast-feeding dura-

tion, physical activity score) were given as median and

interquartile range (median ± IR). Conformity to normal

distribution in numeric variables was tested with Shapiro–

Wilk statistical analysis. For comparing two groups, Stu-

dent t test or Mann–Whitney U test was selected.

For the classified variables (genotype and allele fre-

quencies), cross-tabulations in the patient–control groups

were created and Chi-square (v2) statistical analysis was

conducted.

In the patient–control group, logistic regression analyses

were conducted and odds ratios (OR) were calculated in

order to determine the risk ratios of the combined

genotypes.

Generalized linear model (GLM) was used to check the

significance between polymorphisms variance after elimi-

nating the influence of the variables of age, weight, height

and menopause age which were considered to have an

influence on variations in BMD values in the comparison

of arithmetical means of BMD for the regions examined in

the patient and control groups for C421T and C575T

polymorphisms.

Threshold level for statistical significance was estab-

lished as 0.05 (p \ 0.05). SPSS 18.0 software was

employed for all the analyses.

HelixTree Version 5.0.0 genetic analysis software was

employed for the analysis of the Hardy–Weinberg equi-

librium, combined haplotype frequencies and significance

of the control group.
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Results

Statistics of the demographic data and descriptive data

Basic descriptive statistics of the patient and control groups

are given in Table 1. Weight, BMI and alcohol consump-

tion were significantly higher in the control group.

Comparison of genotype distributions and allele

frequencies between the control and patient groups

The genotype distribution of both polymorphisms in the

control group was in Hardy–Weinberg equilibrium

(p [ 0.05).

When the control and patient groups were examined

together, it was detected that the two polymorphisms were

inherited together (p = 0.023).

For RANK C421T polymorphism within the patient

group (n = 100), CC genotype was detected in 67 (67 %),

CT genotype in 30 (30 %) and TT genotype in 3 cases

(3 %). Within the control group (n = 78), CC genotype

was detected in 56 (71.8 %), CT genotype in 20 (25.6 %)

and TT genotype in 2 cases (2.6 %).

When genotypes for the C421T polymorphism were

compared between the control and patient groups, no signifi-

cant difference was detected between the two groups

(v2 = 0.472, p = 0.790). When the C and T allele frequencies

for the C421T polymorphism in the control and patient groups

were calculated, the T allele was found to be 1.2 times higher

in patient group with respect to the control, which was not

found to be significant (v2 = 0.428, p = 0.512).

For RANK C575T polymorphism within the patient

group (n = 100), CC genotype was detected in 32 (32 %),

CT genotype in 35 (35 %) and TT genotype in 33 cases

(33 %). Within the control group (n = 78), CC genotype

was detected in 29 (37.2 %), CT genotype in 30 (37.5 %)

and TT genotype in 19 cases (24.4 %).

In the comparison of genotypes for C575T polymorphism

between the control and patient groups, no difference was

detected between the two groups (v2 = 1.607, p = 0.448).

A difference in terms of the C and T allele frequencies for

the C575T polymorphism was not detected between the

control and patient groups (v2 = 1.678; p = 0.195)

Comparison of combined genotype distributions

between the control and patient groups

It was detected that there were no significant differences in

the combined genotype distribution of the C421T and

C575T polymorphisms between the control and patient

groups (v2 = 4.235, p = 0.752). When the combined

genotypes were calculated separately, no significant dif-

ference between the control and patient groups was

observed either. With respect to the CCRANK4/CCRANK6

combined genotype, it was detected that the risk of pres-

ence of the CTRANK4/TTRANK6 combined genotype was 2.3

times higher in the patient group, which was not considered

to be significant (p = 0.195). A statistically significant

combined genotype pattern was not revealed in the com-

bined genotype analyses of the C421T and C575T poly-

morphisms for the control and patient groups.

Combined haplotype analysis in the control and patient

groups

No significant difference between the control and patient

groups was detected in the combined haplotype analysis

Table 1 Clinical features, BMD and T-score values of the patient

and control groups

Normal

(n = 78)

Osteopenia

and

osteoporosis

(n = 100)

p value

Age (years) 54.5 ± 4.9 54.8 ± 4.7 0.630

Weight (kg) 75.2 ± 10.2 69.4 ± 9.4 \0.001

Height (cm) 158 ± 6 158 ± 6 0.346

Body-mass index

(kg/m2)

29.9 ± 4.1 27.9 ± 3.7 0.001

Menarche age (years) 13.3 ± 1.5 13.3 ± 1.4 0.752

Menopause age (years) 48.7 ± 3.3 48 ± 3.9 0.238

Years since menopause

(years)

5.8 ± 7 6.8 ± 7 0.062

Duration of reproductive

period (years)

35.4 ± 3.6 34.8 ± 4.3 0.342

Time spent pregnant

totally (months)

99.6 ± 46 102.2 ± 40 0.432

Physical activity score

(MET)

1,187.3 ± 995 955.2 ± 1,089 0.241

Duration of breast-

feeding (months)

21.7 ± 24 26.2 ± 28 0.519

Alcohol consumption

(g/day)

2.01 ± 9.03 2.13 ± 6.09 0.742

Smoking (pack/year) 5.5 ± 9.2 6.0 ± 13.9 0.065

Alcohol consumption

None (n, %) 67 (85.9) 94 (94.0) 0.035

Less than 1 day/week

(n, %)

10 (12.8) 3 (3.0)

1–2 days/week (n, %) 1 (1.3) 3 (3.0)

Smoking

Never smoked (n, %) 49 (62.8) 67 (67.0) 0.642

Former smoker (n, %) 8 (10.3) 12 (12.0)

Active smoker (n, %) 21 (26.9) 21 (21.0)

The data was expressed as mean ± standard deviation (SD) or

median ± interquartile range (IR) for continuous variables and

number (%) are displayed for categorized variables. p \ 0.05 was

accepted as significant
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(v2 = 1.324, p = 0.723). A statistically significant com-

bined haplotype pattern was not revealed in the combined

haplotype analyses of the C421T and C575T

polymorphisms.

Adjusted BMD values of the control and patient groups

with respect to genotypes

The arithmetical means of BMD values with respect to the

genotypes for each of the C421T and C575T polymorphisms

in the control and patient groups were recalculated by cor-

recting the age, height, weight and years since menopause.

BMD values of the patient and control groups corrected

by genotypes for the C421T polymorphism were calculated

after combining the homozygote mutant and heterozygote

groups, polymorphism which would create a significant

difference in the BMD values for all the three zones were

not encountered within the control and patient groups

(Table 2).

No significant difference was observed in the BMD

values of all the three regions for the C575T polymorphism

between the CC, CT, TT genotypes in the control and

patient groups (Table 2).

Adjusted BMD values of the control and patient groups

with respect to combined genotypes

As there were only two cases having the TT/TT combined

genotype in each one of the control and patient groups, a

new analysis was conducted for the control and patient

groups by forming a group of all the combined genotypes

except the (CC/CC) combined genotype. No significant

difference in any of the adjusted BMD values between the

CC/CC combined genotype group and the other combined-

genotypes group was detected within the control (p FN

BMD = 0.526, p FT BMD = 0.757, p L1–4 BMD =

0.778) and the patient group (p FN BMD = 0.363, p FT

BMD = 0.307, p L1–4 BMD = 0.399) (Table 3).

Both RANK C575T polymorphism and RANK C421T

polymorphism were not found as risk factors associated

with low BMD for single genotype (OR, 0.85; 95 % CI

0.41–1.73 and OR, 0.86; 95 % CI 0.41–1.80, respectively).

Discussion

The association between the RANK gene polymorphisms

and osteoporosis has been discussed in the literature [10–

15]. 15 out of the 18 SNPs studied in two of these trials

Table 2 The comparison of adjusted BMD according to genotypes for C421T and C575T polymorphisms

RANKC421T RANKC575T

CC CT/TT p value CC CT TT p value

Femur neck BMD

Normal 0.833 (0.11) 0.830 (0.18) 0.901 0.820 (0.015) 0.835 (0.015) 0.844 (0.019) 0.580

Low BMD 0.720 (0.09) 0.710 (0.12) 0.511 0.710 (0.013) 0.720 (0.012) 0.718 (0.012) 0.829

Femur total BMD

Normal 0.970 (0.012) 0.954 (0.020) 0.517 0.954 (0.017) 0.959 (0.017) 0.993 (0.021) 0.317

Low BMD 0.849 (0.011) 0.830 (0.016) 0.308 0.830 (0.016) 0.846 (0.015) 0.852 (0.016) 0.614

L1–L4 BMD

Normal 1.054 (0.015) 1.061 (0.023) 0.808 1.055 (0.021) 1.064 (0.020) 1.045 (0.025) 0.849

Low BMD 0.855 (0.011) 0.841 (0.016) 0.478 0.835 (0.016) 0.852 (0.015) 0.862 (0.016) 0.487

BMD values were adjusted according to age, height, weight, years since menopause and given as arithmetical average (standard deviation, SD)

BMD bone mineral density

p \ 0.05 was accepted as significant

Table 3 The comparison of adjusted BMD values between CC/CC

combined genotype group and other combined-genotypes group in the

control and patient groups

Combined genotype RANKC421T/RANKC575T

CC/CC Others p value

Femur neck BMD

Normal 0.822 (0.018) 0.836 (0.011) 0.526

Low BMD 0.705 (0.014) 0.720 (0.008) 0.363

Femur total

Normal 0.960 (0.020) 0.967 (0.012) 0.757

Low BMD 0.827 (0.017) 0.848 (0.010) 0.307

L1–L4 BMD

Normal 1.050 (0.024) 1.058 (0.015) 0.778

Low BMD 0.837 (0.018) 0.855 (0.011) 0.399

BMD values were adjusted according to age, height, weight, years

since menopause and given as arithmetical average (SD)

BMD bone mineral density

p \ 0.05 was accepted as significant
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were in the protein non-coding intronic part, the remaining

3 were SNPs located in the 30-UTR (untranslated region)

zone [14, 15]. Both polymorphisms that we have studied in

our trial have been located in the protein coding (exon)

part. In the RANK protein, depending on the RANK gene

C421T polymorphism within exon 4, tyrosine amino acid

was replaced by histidine (Hys141Tyr) at the 141st posi-

tion; and depending on the C575T polymorphism within

exon 6, alanine was replaced by valine at the 192nd posi-

tion (Val192Ala). Therefore, it can also attract attention

with its potential to lead to functional variations in the

protein which will be synthesized depending on the amino

acid variations in the presence of polymorphism [11].

It has been reported that allele frequencies may vary

depending on the ethnic groups [16]. The C allele fre-

quency of the C421T polymorphism was found to be

84.6 % in our control group and 82 % in our patient group.

Wuyts et al. [17] reported that the RANK 421C allele fre-

quency in healthy Caucasians was found to be 40 %.

Unlike our results, in the study carried out by Choi et al.

[10] C421T transition was not detected to be polymorphic

in terms of the allele frequency in the Korean population.

These differences in the results can be attributed to racial

background and the differences in study designs.

In the study carried out by Choi et al. [10] out of 559

Korean postmenopausal women studied for RANK C575T

polymorphism, the distribution of genotypes was 65

(11.6 %), 234 (41.9 %), 260 (46.5 %) for CC, CT and TT

genotypes, respectively. In the Korean population, a higher

rate of TT genotype and a lower rate of CC genotype were

detected when compared to our study. Controversially,

Kim et al. [12] found no RANK C575T polymorphism in

their study in 385 Korean postmenopausal women. Incon-

sistency in results was attributed to ethnic background, size

of the study group and statistical analysis [12]. In a study

conducted by Chinese researchers, within 290 healthy male

cases, the genotype distribution of the CC, CT, TT geno-

types for the C575T polymorphism were 8.8, 46.1 and

45.1 %, respectively. In this population, the TT polymor-

phism was higher and the CC polymorphism was lower

with respect to the control group in our study [13].

When it was considered in terms of the allele frequency,

our findings were similar to the RANK 575C allele frequency

given as 51 % in the Caucasians [17]. In the study carried

out by Chinese researchers, the RANK 575C allele frequency

was detected to be 33 % in healthy male controls [13].

Choi et al. [10] studied the association between OPG

(163 A[G, 1181 G[C), RANK (421 C[T, 575 T[C) and

ESR (1335 C[G, 2142 G[A) polymorphisms with adjusted

BMDs values (for age and BMI) at the distal radius and

calcaneus in 650 Korean postmenopausal women aged

between 44 and 79 years. They reported that BMD at the

calcaneus in individuals with the TT genotype for the

C575T polymorphism was detected to be higher than the

cases with the CC and CT genotypes (p: 0.017). In their

study, gene–gene interactions were also analyzed, whereas

no significant difference in BMD values between the

RANK T575C and OPG G1181C combined genotypes was

detected (p = 0.104), the BMD values at the distal radius

and calcaneus in cases having TTRANK T575C/CCOPG G1181C

combined genotype were detected to be higher than the

cases with TTRANK T575C/GGOPG G1181C combined geno-

type in paired comparison (p: 0.002) [10]. These results,

detected for the RANK C575T polymorphism, support the

idea that genes can have an effect on BMD values for

different body regions in various ethnic groups [18].

Koh et al. [11] examined the relationship between 25

different RANK gene polymorphisms and the BMD values

at the femoral neck and lumbar region in 560 Korean

postmenopausal women aged between 46 and 83 years. It

was found that two intronic SNPs were related to low BMD

values at the lumbar region [11]. Similar to our study, they

reported that the C575T polymorphism was not found to

have an influence on the BMD values at the femoral and

lumbar regions in postmenopausal Korean women. In

addition, no association was found between the RANK gene

polymorphisms and fracture which was detected by using

conventional radiographics and patient history. This result

was explained by the fact that a clear relationship could not

be established due to the reason that estimated contribution

rate of heredity to fracture risk was between 25 and 35 %

[19] and several environmental factors other than BMD

have had important roles [20] in the risk of falling.

In a Chinese study (a patient group of 555 and a control

group of 565), cases divided by their BMD values were

examined in terms of RANK/RANKL/OPG gene polymor-

phisms and their association to BMD variations of the

femur total region and the entire body [13]. Unlike our

study, males and females who were in the premenopausal

period were also included in this study. In control and

patient groups, no significant difference was found in terms

of demographic characteristics and risk factors. Significant

relationships were detected between the RANK C575T

polymorphism and the BMD values at the femoral total

region and whole body only in males and it was reported

that the cases having CTRANKC575T genotype had higher

BMD values. In the same study, it was detected that the

RANK C575T polymorphism was in a significant gene–

gene interaction with the other examined polymorphisms

of RANKL and OPG, again only in males.

The major restriction of our study is the limited number

of cases for establishing the association between the BMD

values and genetic polymorphism. Due to the restricted

time period for the project, we could not extend the period

of collecting participants. Due to the fact that we examined

only women who were in the postmenopausal period, it
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was not possible to evaluate the intersexual difference.

Besides, quantitative trait loci (QTL) can only match to a

restricted extent between the female and male sex; it is

known that in different sexes, different genes can be

influential on BMD [21]. Studies in a larger population

including both sexes are required in order to examine the

effect of gene polymorphisms which may have influence

on cases with different traits.

In conclusion, no significant difference was detected

between groups with normal or low bone mineral density in

terms of genotype, combined genotype or allele frequencies

of the C421T polymorphism within exon 4 and C575T

polymorphism within exon 6 in the RANK gene in 178

postmenopausal Turkish women. No significant difference

between the C421T and C575T polymorphisms and the

BMD values at the lumbar spine, femoral neck and femoral

total regions in groups with normal and low bone mineral

density within 178 postmenopausal Turkish women was

detected. Further studies including both sexes and several

more cases are required in order to examine the relationship

between BMD values and the RANK gene polymorphisms.
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