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Identification of risk factors for osteoporosis has been essential for understanding the development of osteoporo-
sis. The collagen type I alpha1 (COL1A1) gene is suggested to be implicated in reduced bone mineral density
(BMD) in osteoporosis. In the present study, the investigation of the effects of Sp1 polymorphic variants of
COL1A1 gene on BMD values, and the determination of the association between COL1A1 Sp1 gene variants and
osteoporosis risk factors in the context of gene–environment interaction in Turkish postmenopausal women
were aimed. For the detection of COL1A1 Sp1 polymorphism, PCR-RFLP techniques have been used. BMD for lum-
bar spine (L1–L4) and hip (femoral neck and total hip) was measured by DXA. This studywas carried out using a
sample of 254 postmenopausal women. We observed a trend decrease in BMD values in the subjects with “ss”
genotype having lower BMD of lumbar spine, femoral neck and total hip than thosewith “SS” and “Ss” genotype,
however the differences did not reach statistical significance (P N 0.05).We also found that the frequencies of the
BMD undermean values at the femoral neck (57.5%) and total hip (76.2%) increased considerably in the subjects
carrying “Ss/ss” genotypes in combination of having family history of osteoporosis (61.5% for femoral neck) and
smoking history (90.0% for total hip). This population-based study indicates that COL1A1 Sp1 polymorphismmay
contribute to the development of osteoporosis in combination of osteoporosis risk factors in Turkish postmeno-
pausal women.

© 2014 Elsevier B.V. All rights reserved.
1. Introduction

Osteoporosis is a skeletal disorder characterized by compromised
bone strength predisposing a person to an increased risk of fracture
(NIH Consensus Development Panel on Osteoporosis Prevention,
Diagnosis and Therapy, 2001). Bone mineral density (BMD), an impor-
tant risk factor for osteoporosis, is under strong genetic control with
heritability estimates ranging from 0.5 to 0.9 (Arden et al., 1996;
Pocock et al., 1987; Slemenda et al., 1991), althoughmany environmen-
tal factors, such as dietary intakes and physical activities play a crucial
role in BMD (Wang et al., 2007). Several genes have been identified
that may be involved in determining bone mineral density, of which
mass index; COL1A1, collagen
WE, Hardy–Weinberg equilibri-
ment lenght polymorphism.
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).
one the most important candidate genes for predisposition to osteopo-
rosis is the collagen type I alpha1 (COL1A1).

Human bones constitute of bonemineral and bone matrix; the ratio
is about 2:1. Themain component of bonemineral is Ca; themain com-
ponent of bonematrix is collagen. Osteoporosis ismainly due to the loss
of Ca and collagen degradation (Li et al., 2010). COL1A1 gene encodes
the α1(I) protein chain of type I collagen, the major protein of bone
(Mann et al., 2001). It is a heterotrimer protein consisting of two α1
chains one α2 chain. These are encoded by two different genes located
on chromosomes 17 and 7 in humans (Rodrigues et al., 2008). Grant
et al. (1996) identified a single nucleotide polymorphism (G → T) af-
fecting a binding site for the transcription factor Sp1 in the COL1A1
gene. Extensive studies have been performed on the molecular mecha-
nism by which the Sp1 polymorphism might predispose to osteoporo-
sis. The T allele has a higher affinity for Sp1 protein binding than the
wild-typeG allele, and transcription from the T allele is three fold higher
than the G allele (Ralston, 2010). The T allele of the COL1A1 Sp1 poly-
morphism increases COL1A1 gene transcription, which leads to in-
creased collagen α1 protein production, an abnormal ratio of α1 to α2
collagen chains which raises the possibility that some of the collagen
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may be present in the form of homotrimers composed of three col-
lagen α1(I) chains ([α1(I)3]), instead of the normal heterotrimers
([α1(I)2α2(I)]) (Mann et al., 2001). Overall effects this polymorphism
can be observed as a subtle defect in bone mineralization and reduced
bone strength, leading to an increased risk of fracture on bone.

The relationships between COL1A1 Sp1 polymorphism and BMD
were investigated among various populations. Previous studies have
shown associations between COL1A1 Sp1 polymorphism, low BMD, os-
teoporosis (Falcón-Ramírez et al., 2011; Gerdhem et al., 2004; Grant
et al., 1996; Haris et al., 2000; MacDonald et al., 2001; Uitterlinden
et al., 1998; Yazdanpanah et al., 2007) and increased fracture risk
(Keen et al., 1999a; Mann and Ralston, 2003; McGuigan et al., 2001;
Mezquita-Raya et al., 2002; Uitterlinden et al., 2001), while some have
not reached statistical significance (Ashford et al., 2001; Hubacek
et al., 2006; Lidén et al., 1998; Wynne et al., 2002). Studies regarding
the association of collagen gene variations with BMD values in Turkish
postmenopausal women are scarce (Efesoy et al., 2011; Erdogan et al.,
2011; Simsek et al., 2008; Tural et al., 2013).

Many potential risk factors for osteoporosis such as low body mass
index (BMI) and age at menopause, smoking and family history of
osteoporosis have also been identified in several studies. Smoking
(Bjarnason and Christiansen, 2000; Rapuri et al., 2000), low BMI and
age at menopause (Buttros Dde et al., 2011) and family history of oste-
oporosis (Keen et al., 1999b; Peris et al., 2002) were associated with de-
creased BMDvalues and osteoporosis. However, the combined effects of
those and COL1A1 Sp1 genotypes on BMD were not investigated so far.
Therefore, in the present study, we aimed to investigate the association
between the Sp1 polymorphismof the COL1A1 gene and BMD in combi-
nation of osteoporosis risk factors in Turkish postmenopausal women.

2. Materials and methods

2.1. Subjects

The cohort of this study comprised 254 Turkish women (58.64 ±
7.72 mean aged), attending the Uskudar State Hospital in Istanbul,
Turkey. All of the subjects were postmenopausal, which is defined as
an absence of menstruation of at least a year. The participants received
a detailed, standardized questionnaire including questions regarding
the osteoporosis risk factors, such as menopausal status and age,
smoking history, alcohol intaken, family history of osteoporosis, medi-
cation use and other medical conditions. Demographic and morpho-
metric characteristics were also recorded. In attempt to successfully
control the subjects characteristics and eliminate the confounding fac-
tors, we excluded those having conditions, diseases, and/or treatments
known to interfere with bone metabolism, such as malignancies, endo-
crinologic disorders (hypo/hyperparathyroidism, hyperthyroidism,
Cushing's syndrome), severe liver or gastroenteral diseases, skeletal
diseases (Paget's disease, osteogenesis imperfecta, osteomalacia and
rheumatoid arthritis) and current pharmacological treatment with cor-
ticosteroids, anabolic androgenic steroids, estrogens or estrogen-related
molecules, anticonvulsants before enrollment. The study protocol was
approved by the Local Ethical Commitee of Istanbul University, Istanbul
Medical Faculty (Protocol No: 2006/2145) and written, informed con-
sent was obtained from each participant prior to giving their blood
sample.

2.2. BMD measurement

BMD for lumbar spine (L1–L4) and hip (femoral neck and total hip)
wasmeasured by GE-Lunar DPX Pro (GE Healthcare, Madison,WI, USA)
Pencil Beam DXA densitometer. All DEXA scans were performed by
the same technician and analyzed according to software (encore version
2005, 9.30.044) provided by the manufacturer. Briefly, subjects were
positioned in the scanner according to standard procedures and
remained motionless for approximately 10 minutes during scanning.
The instrumentwas calibrated daily according to themanufacturer's in-
structions. BMDwas expressed as grams per centimeter square (g/cm2)
and T scores which indicate the standard deviations of individiaul BMD
determinations compared to those of young.

2.3. Genotyping

Blood specimens were collected in tubes containing EDTA, and DNA
samples were extracted from whole blood with salting out procedure
(Miller et al., 1988). Sp1 polymorphism of the COL1A1 gene was
determined in duplicate by polymerase chain reaction and restriction
fragment lenght polymorphism (PCR-RFLP) using the primers and
methods described by Grant et al. (1996) and Lei et al. (2003). The
primers (MBI Fermentas, Lithuania) used for PCR to amplify COL1A1
gene fragments were as follows; forward primer 5′-TAACTTCTGGACTA
TTTGCGGACTTTTTGG-3′ and reverse primer 5′-GTCCAGCCCTCATCCT
GGCC-3′ for the Sp1 restriction site. PCR reactions were carried out in
a final volume at 25 μL containing 10X reaction buffer (KCl), 1 mM of
each nucleotide (dATP, dCTP, dGTP and dTTP) (MBI Fermentas,
Lithuania), 1.5 mM MgCl2, 25 picomolar of each primer, 0.3 U of Taq
DNApolymerase (MBI Fermentas, Lithuania) and 50ngof DNA. Thermal
profiles for amplification of COL1A1 gene fragments consisted of an ini-
tial denaturating step of 5 min at 94 °C followed by 30 cycles of dena-
turation at 94 °C for 1 min, annealing at 62.5 °C for 1 min and
extension at 72 °C for 1 min with a final extension step for 5 min at
72 °C. COL1A1 Sp1 genotypes were amplified specific PCR product in a
DNA thermal cycler (GeneAmp 9700 PCR System; Applied Biosystems,
CA, USA). PCR products were then digested with restriction endonucle-
ase Msp20I (MscI; MBI Fermentas, Lithuania). Digestion products were
seperated by agarose gel electrophoresis and stained with ethidium
bromide to visualize the fragmented DNA. Genotypes for COL1A1 Sp1
polymorphismwere classified as SS, Ss and ss (Uppercase letters repre-
sent absence and lowercase letters represent the presence of restriction
sites). Automated Sequencingwas used to confirm the results of COL1A1
Sp1 polymorphism for a subset of 20 representative samples. Results
between PCR and DNA sequencing analysis were 100 % concordant.

2.4. Statistical analysis

The analyseswere performedusing SPSS software forWindows, ver-
sion 13.0. Clinical laboratory data were expressed as mean ± SD. Mean
values were compared between different genotype groups by unpaired
Student's t-test and one-wayANOVA. Chi-square testwas used for com-
paring genotype distributions in relation to categorical variables and for
Hardy–Weinberg Equilibrium (HWE). A p-value of less than 0.05 was
considered to be statistically significant. Multivariate analysis was per-
formed with binary logistic regression (Forward: LR). The odds ratios
(OR) and the confidence intervals (CI) were calculated to estimate the
relative risk. This analysis was used to identify association of COL1A1
Sp1 polymorphism among several independent osteoporosis risk fac-
tors. In the logistic regression model, L1–L4 BMD ≤ 0.98, femoral neck
≤ 0.84 and total hip ≤ 0.90 were used as the dependent variables.
Model included COL1A1 Sp1 polymorphism, BMI, age at menopause,
smoking history and family history of osteoporosis as independent
variables.

3. Results

3.1. The demographic characteristics, BMD status and COL1A1 genotypes
and allele distribution

The demographic characteristics, BMD status and the genotype and
allele frequencies of COL1A1 Sp1 polymorphism of the study population
were presented in Table 1. The genotype frequencies were 53.94 % for
“SS”, 41.73 % for “Ss” and 4.33 % for “ss” genotypes and were consistent
with the Hardy–Weinberg Equilibrium (P N 0.05).



Table 1
Characteristics, BMD status and COL1A1 genotype and allele frequencies of the study
population.

Study population

Number 254
Age 58.64 ± 7.72
Age at menopause (years) 46.71 ± 5.04
BMI (kg/m2) 30.14 ± 5.06
Family history of osteoporosis (%) 41.8
Smoking history (%) 9.0
Lumbar spine (L1–L4) BMD (g/cm2) 0.98 ± 0.15
Femoral neck BMD (g/cm2) 0.84 ± 0.11
Total hip BMD (g/cm2) 0.90 ± 0.12
COL1A1 Sp1
Genotypes

SS 137 (53.94 %)
Ss 106 (41.73 %)
ss 11 (4.33 %)

Alleles
S 380 (74.8 %)
s 128 (25.2 %)

BMI: Body mass index, BMD: Bone mineral density.
The results were shown as mean ± SD except where noted.

Table 3
Effects of theCOL1A1genotypes onBMDvalues in combination of osteoporosis risk factors.

BMD (g/cm2)

Lumbar spine
(L1–L4)

Femoral neck Total hip

BMI
BMI ≤ 27 0.90 ± 0.12* 0.77 ± 0.08* 0.81 ± 0.09*
BMI N 27 1.00 ± 0.15 0.87 ± 0.11 0.93 ± 0.11
Ss + ss/BMI ≤ 27 0.90 ± 0.10* 0.78 ± 0.09* 0.82 ± 0.09*
Ss + ss/BMI N 27 1.02 ± 0.15 0.86 ± 0.12 0.94 ± 0.12
SS + Ss/BMI ≤ 27 0.90 ± 0.12* 0.77 ± 0.09* 0.81 ± 0.09*
SS + Ss/BMI N 27 1.00 ± 0.15 0.87 ± 0.11 0.94 ± 0.11

Age at menopause
Age at menopause ≤ 50 0.97 ± 0.15 0.84 ± 0.11 0.89 ± 0.12
Age at menopause N 50 1.00 ± 0.15 0.85 ± 0.09 0.93 ± 0.11
Ss + ss/Age at
menopause ≤ 50

0.99 ± 0.16 0.85 ± 0.12 0.91 ± 0.13

Ss + ss/Age at
menopause N 50

0.99 ± 0.20 0.86 ± 0.09 0.94 ± 0.12

SS + Ss/Age at
menopause ≤ 50

0.97 ± 0.15 0.83 ± 0.11 0.89 ± 0.12

SS + Ss/Age at
menopause N 50

1.02 ± 0.15 0.85 ± 0.09 0.94 ± 0.10

Smoking history
Smoking history (+) 0.97 ± 0.13 0.81 ± 0.10 0.86 ± 0.11
Smoking history (−) 0.98 ± 0.15 0.84 ± 0.11 0.91 ± 0.12
Ss + ss/Smoking history (+) 0.95 ± 0.12 0.80 ± 0.07 0.84 ± 0.08
Ss + ss/Smoking history (−) 0.99 ± 0.16 0.85 ± 0.12 0.92 ± 0.13
SS + Ss/Smoking history (+) 0.97 ± 0.13 0.81 ± 0.10 0.86 ± 0.12
SS + Ss/Smoking history (−) 0.98 ± 0.15 0.85 ± 0.11 0.91 ± 0.12

Family history of osteoporosis
Family history (+) 0.98 ± 0.13 0.84 ± 0.11 0.90 ± 0.11
Family history (−) 0.98 ± 0.16 0.85 ± 0.12 0.91 ± 0.13
Ss + ss/Family history (+) 0.97 ± 0.13 0.84 ± 0.10 0.90 ± 0.11
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3.2. Association of COL1A1 polymorphism with the BMD values

The association of COL1A1 genotypeswith BMDvalueswas shown in
Table 2. We observed a trend decrease in BMD values in the subjects
with “ss” genotype having lower BMD of lumbar spine, femoral neck
and total hip compared to those with “SS” and “Ss” genotypes, however,
the differences did not reach statistical significance (P N 0.05).
Ss + ss/Family history (−) 1.01 ± 0.19 0.86 ± 0.13 0.93 ± 0.14
SS + Ss/Family history (+) 0.99 ± 0.14 0.84 ± 0.11 0.90 ± 0.11
SS + Ss/Family history (−) 0.98 ± 0.17 0.85 ± 0.12 0.91 ± 0.13

BMI: Bodymass index, BMD: Bonemineral density. The resultswere shown asmean± SD.
Statistical analysis was performed using unpaired Student's t test. *, P b 0.001.
The specifications of the groupswere done according to the osteoporotic risk factors (BMI,
age at menopause, smoking history and family history of osteoporosis) and all variables
were subdivided and analyzed according to the carriage of “Ss + ss” and “SS + Ss”
genotypes.
3.3. Effects of the COL1A1 genotypes on BMD values in combination of
osteoporosis risk factors

To assess whether COL1A1 Sp1 polymorphism had any effect on
BMD values in combination of osteoporosis risk factors, we divided
the subjects into groups according to their BMI, menopause ages,
smoking history, family history of osteoporosis and the carriage of dif-
ferent COL1A1 genotypes (Table 3). Statistical analysis was performed
using unpaired Student's t-test.

Subjects in BMI ≤ 27 group had lower BMD values of lumbar spine,
femoral neck and total hip than the values of those in BMI N 27 group
(P b 0.001). The differences remained significant when we divided the
two groups as having “Ss/ss” genotypes (“s” allele) and “SS/Ss” geno-
types (“S” allele), respectively (P b 0.001) (Table 3).

Subjects in age at menopause ≤ 50 group had lower BMD values of
total hip compared to the values of those in age at menopause N 50
group, the difference was closely tied to statistical significance (P =
0.057). However, we didn't observe combined effects of COL1A1 geno-
type groups with low age of menopause on BMD values (P N 0.05)
(Table 3).

Subjects with smoking history had lower BMD values of total hip
compared to the values of those with no smoking history, however,
the differencewas not statistically significant (P= 0.115).We observed
Table 2
Association of COL1A1 Sp1 polymorphism with the BMD values.

Genotypes BMD (g/cm2)

Lumbar spine
(L1–L4)

Femoral neck Total hip

SS 0.97 ± 0.13 0.84 ± 0.11 0.90 ± 0.11
Ss 0.99 ± 0.16 0.84 ± 0.12 0.91 ± 0.13
ss 0.96 ± 0.12 0.83 ± 0.09 0.88 ± 0.10

The results were shown as mean ± SD. Statistical analyses were performed by using
one-way ANOVA analysis for comparing all three genotype groups.
an increase in the significance of the difference in the “Ss/ss” genotype
group (P = 0.078), whereas there was a decrease in the significance
of the difference in the subjects with “SS/Ss” genotypes (P = 0.129)
(Table 3).

The difference between the BMD values of the subjects with
and without family history of osteoporosis did not change considerably
(P N 0.05), whereas there was a trend increase in the significance in the
subjects with “Ss/ss” genotypes, however, the difference was not statis-
tically significant, either (P N 0.05) (Table 3).

We also evaluated the combined effects of COL1A1 genotypes and
osteoporosis risk factors on BMD values by using chi-square (χ2) test
(Table 4). Therefore, we grouped the subjects according to the mean
BMD values of lumbar spine (≤0.98 and N0.98), femoral neck (≤0.84
and N0.84) and total hip (≤0.90 and N0.90) of the study group.

In BMI ≤ 27 group, the frequencies of having BMD values of lumbar
spine, femoral neck and total hip under the mean scores were higher
than those in BMI N 27 group as expected (P b 0.001). The differences
remained significant in “Ss/ss” and “SS/Ss” genotype groups (P b 0.001).
However, there was a trend decrease in the significance of the
difference in the frequency of femoral neck BMD values in “Ss/ss”
genotype group (P = 0.017) (Table 4).

In age at menopause ≤ 50 group, the frequencies of having BMD
values of lumbar spine, femoral neck and total hip under the mean
scores were higher than those in age at menopause N 50 group, howev-
er, the differences weren't statistical significant (P N 0.05). We also
didn't observe a significant difference among the “Ss/ss” and “SS/Ss”
genotype groups (P N 0.05) (Table 4).



Table 4
Effects of the COL1A1 genotypes on mean BMD values in combination of osteoporosis risk factors.

BMD (g/cm2)

L1–L4
(n, %)

Femoral neck
(n, %)

Total hip
(n, %)

≤0.98 N0.98 ≤0.84 N0.84 ≤0.90 N0.90

BMI
BMI ≤27 52 (82.5)*** 11 (17.5) 48 (75.0)*** 16 (25.0) 52 (81.3)*** 12 (18.8)
BMI N27 81 (45.5) 97 (54.5) 82 (4.6) 102 (55.4) 71 (38.6) 113 (61.4)
Ss + ss/BMI ≤27 24 (80.0)*** 6 (20.0) 21 (70.0)* 9 (30.0) 23 (76.7)*** 7 (23.3)
Ss + ss/BMI N27 33 (39.8) 50 (60.2) 38 (44.7) 47 (55.3) 33 (38.8) 52 (61.2)
SS + Ss/BMI ≤27 50 (83.3)*** 10 (16.7) 45 (73.8)*** 16 (26.2) 50 (82.0)*** 11 (18.0)
SS + Ss/BMI N27 77 (45.6) 92 (54.4) 75 (43.1) 99 (56.9) 66 (37.9) 108 (62.1)

Age at menopause
Age at menopause ≤50 102 (57.3) 76 (42.7) 99 (55.0) 81 (45.0) 96 (53.3) 84 (46.7)
Age at menopause N50 21 (50.0) 21 (50.0) 22 (52.4) 20 (47.6) 17 (40.5) 25 (59.5)
Ss + ss/Age at menopause ≤50 41 (48.8) 43 (51.2) 43 (51.2) 41 (48.8) 41 (48.8) 43 (51.2)
Ss + ss/Age at menopause N50 12 (57.1) 9 (42.9) 10 (47.6) 11 (52.4) 8 (38.1) 13 (61.9)
SS + Ss/Age at menopause ≤ 50 100 (58.8) 70 (41.2) 93 (54.1) 79 (45.9) 93 (54.1) 79 (45.9)
SS + Ss/Age at menopause N 50 18 (46.2) 21 (53.8) 19 (48.7) 20 (51.3) 14 (35.9) 25 (64.1)

Smoking history
Smoking history (+) 13 (65.0) 7 (35.0) 15 (71.4) 6 (28.6) 16 (76.2)* 5 (23.8)
Smoking history (−) 120 (54.3) 101 (45.7) 115 (50.7) 112 (49.3) 107 (47.1) 120 (52.9)
Ss + ss/Smoking history (+) 7 (77.8) 2 (22.2) 7 (70.0) 3 (30.0) 9 (90.0)** 1 (10.0)
Ss + ss/Smoking history (−) 50 (48.1) 54 (51.9) 52 (49.5) 53 (50.5) 47 (44.8) 58 (55.2)
SS + Ss/Smoking history (+) 12 (66.7) 6 (33.3) 13 (68.4) 6 (31.6) 14 (73.7)* 5 (26.3)
SS + Ss/Smoking history (−) 115 (54.5) 96 (45.5) 107 (49.5) 109 (50.5) 102 (47.2) 114 (52.8)

Family history of osteoporosis
Family history (+) 54 (52.4) 49 (47.6) 61 (57.5) 45 (42.5) 57 (53.8) 49 (46.2)
Family history (−) 76 (58.0) 55 (42.0) 66 (49.3) 68 (50.7) 63 (47.0) 71 (53.0)
Ss + ss/Family history (+) 28 (56.0) 22 (44.0) 32 (61.5) 20 (38.5) 28 (53.8) 24 (46.2)
Ss + ss/Family history (−) 27 (45.8) 32 (54.2) 26 (44.1) 33 (55.9) 26 (44.1) 33 (55.9)
SS + Ss/Family history (+) 49 (51.0) 47 (49.0) 55 (55.6) 44 (44.4) 52 (52.5) 47 (47.5)
SS + Ss/Family history (−) 75 (59.5) 51 (40.5) 63 (48.8) 66 (51.2) 61 (47.3) 68 (52.7)

BMI: Body mass index, BMD: Bone mineral density. The results were shown as number of individuals and frequency. Statistical analysis was performed using chi-square test.
*, P b 0.05; **, P b 0.01 (FE: Fisher exact test); ***, P b 0.001.
The specifications of the groups were done according to the osteoporotic risk factors (BMI, age at menopause, smoking history and family history of osteoporosis) and all variables were
subdivided and analyzed according to the carriage of “Ss + ss” and “SS + Ss” genotypes.
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The frequency of having BMD values of total hip under the mean
scores was higher in the subjects with smoking history than the fre-
quency of those with no smoking history (P = 0.011). We observed
an increase in the significance of the difference in the subjects with
“Ss/ss” genotypes (Fisher exact test, P = 0.007), whereas there was a
decrease in the subjects with “SS/Ss” genotypes (P = 0.027) (Table 4).

The frequencies of having BMD values of lumbar spine, femoral neck
and total hip undermean scores were higher in the subjects with family
history of osteoporosis than the frequencies of thosewithout family his-
tory of osteoporosis, however, the differences were not statistically sig-
nificant (P N 0.05). The frequency of having BMD values of femoral neck
under the mean scores was higher in the subjects with “Ss/ss” geno-
types and family history of osteoporosis compared to the frequency of
those without family history of osteoporosis, the difference was closely
tied to statistically significance (P = 0.066). No significant association
was found between the subjects with “SS/Ss” genotypes, family history
of osteoporosis and BMD values (P N 0.05) (Table 4).

Multivariate logistic regression analysis confirmed body mass index
as the most important predictor for having BMD values of L1–L4, femo-
ral neck and total hip above themean scores among parameters such as
COL1A1 Sp1 polymorphism, age at menopause, smoking history and
family history of osteoporosis (Table 5).

4. Discussion

To date, there had been several studies to enlighten the genetic basis
of osteoporosis. Therefore, a large number of polymorphisms inmultiple
candidate genes have been investigated in various populations. The
COL1A1 Sp1 polymorphism has previously been found to be associated
with decreased BMD and osteoporosis. Uitterlinden et al. (1998) found
that postmenopausalwomen inNetherlandswith “Ss” and “ss” genotype
had lower BMD values at the lumbar spine and femoral neck compared
to the women with ‘SS’ genotype. Haris et al. (2000) and MacDonald
et al. (2001) have found that bone loss was significantly greater in “ss”
homozygotes compared with “Ss” heterozygotes and “SS” homozygotes.
“T” (s) allele was associated with low femoral neck BMD values in
Caucasion postmenopausal women and in elderly Swedish women
(Gerdhem et al., 2004; Yazdanpanah et al., 2007) and with a significant
reduction in lumbar spine BMD and increased risk of total fracture in
healthy women from northeast London (Keen et al., 1999a). In Mexican
women, “ss” genotype was also associated with low BMD of lumbar
spine in contrast to “SS” genotype (Falcón-Ramírez et al., 2011). BMD
values at the lumbar spine and femoral neck were found to be lower in
the “Ss” and “ss” genotype groups when compared with “SS” homozy-
gotes in a meta-analysis study (Mann and Ralston, 2003). We could
not find a statistical significant relation between COL1A1 Sp1 genotypes
and BMD, however we observed a trend decrease in the subjects with
“ss” genotype having lower BMD values compared to those with “SS”
and “Ss” genotypes. In Simsek et al.´s (2008) study with Turkish post-
menopausal women, “Ss” heterozygosity was associated with lower
BMD values of lumbar spine and femoral neck compared with “SS” ho-
mozygotes whereas Erdogan et al. (2011) have concluded that there
was no association in terms of average BMD values with COL1A1 Sp1 ge-
notype and allele frequencies. In the two other studies with Turkish
postmenopausal women, no statistical significant difference was found
in COL1A1 Sp1 genotype and allele frequencies of osteoporotic patients
and controls (Efesoy et al., 2011; Tural et al., 2013), also in terms of
BMI, smoking and menopause age between the genotypes (Tural et al.,
2013). Efesoy et al. (2011) have also not found any association between
the COL1A1 Sp1 genotypes and BMD. Similarly, we also could not find a
significant effect of COL1A1 Sp1 genotypes on BMD either, we found
combined effects of COL1A1 genotypes and having osteoporosis risk



Table 5
Multivariate logistic regression analysisa.

Dependent variable Independent variables Exp(B)
(OR)

P value 95% CI for Exp(B)

L1–L4 ≤ 0.98 COL1A1 Sp1 Polymorphism s Allele NS
S Allele (Ref.) 1

BMI BMI ≤ 27 0.221 0.000 0.107–0.458
BMI N 27 (Ref.) 1

Age at menopause Age at menopause ≤ 50 NS
Age at menopause N 50 (Ref.) 1

Smoking history Smoking history (+) NS
Smoking history (−) (Ref.) 1

Family history Family history (+) NS
Family history (−) (Ref.) 1

Femoral neck ≤ 0.84 COL1A1 Sp1 Polymorphism s Allele NS
S Allele (Ref.) 1

BMI BMI ≤ 27 0.267 0.000 0.134–0.534
BMI N 27 (Ref.) 1

Age at menopause Age at menopause ≤ 50 NS
Age at menopause N 50 (Ref.) 1

Smoking history Smoking history (+) NS
Smoking history (−) (Ref.) 1

Family history of osteoporosis Family history (+) NS
Family history (−) (Ref.) 1

Total hip ≤ 0.90 COL1A1 Sp1 Polymorphism s Allele NS
S Allele (Ref.) 1

BMI BMI ≤ 27 0.164 0.000 0.079–0.340
BMI N 27 (Ref.) 1

Age at menopause Age at menopause ≤ 50 NS
Age at menopause N 50 (Ref.) 1

Smoking history Smoking history (+) NS
Smoking history (−) (Ref.) 1

Family history of osteoporosis Family history (+) NS
Family history (−) (Ref.) 1

BMI: Body mass index, NS: Not significant.
a , All participants are included (n = 254).
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factors (smoking history and family history of osteoporosis) on BMD
values. We did not find such a relation like Simsek et al. (2008) in our
study group and we are unable to give a precise explanation for that.
We presume that this difference may stem from different geographic
background and number of subjects between the two studies. Further-
more, our results of genotype and allele distributions of COL1A1 Sp1
polymorphism show a remarkable difference from their study. This situ-
ation can affect the results of the interactions between COL1A1 Sp1 geno-
types and BMD values.

There are previous reports showing no relationship between COL1A1
Sp1 genotypes andBMD inpostmenopausalwomen fromSweden (Lidén
et al., 1998), UK (Ashford et al., 2001), Czech population (Hubacek et al.,
2006), Ireland (Wynne et al., 2002), Belgium (Aerssens et al., 1998),
Denmark (Heegaard et al., 2000), Finland (Välimäki et al., 2001), China
(Lau et al., 2004), and Serbia (Trajkovic et al., 2010), Netherlands
(Pluijm et al., 2004). No significant association was found between
COL1A1 Sp1 genotypes and BMD in twin pairs of white adult American
women by Hustmyer et al. (1999).

Smoking history, low BMI, age at menopause and family history of
osteoporosis also exert significant influences on bone loss in osteoporo-
sis. Smokingwas associatedwith lowBMD (Bjarnason and Christiansen,
2000; Rapuri et al., 2000) and increased risk of any fracture (Kanis et al.,
2005). Time of menopause, smoking and family history of osteoporosis/
fracture were found to be clinical indicators of risk for osteoporosis,
whereas high BMI proved to be a protective factor (Buttros Dde et al.,
2011; Keen et al., 1999b; Peris et al., 2002). Although the association
between these factors and low BMD/osteoporosis have been reported
in several studies, the combined effects of those and COL1A1 genotypes
on BMD were not investigated so far.

To evaluate the interaction between COL1A1 Sp1 variants and osteo-
porosis risk factors, we subdivided our study group according to the
presence/absence of COL1A1 Sp1 variants and risk factors, and analyzed
combined effects of these parameters on BMD values. We observed that
the mean BMD values decreased considerably in the subjects carrying
“Ss/ss” genotypes in combination of having family history of osteoporo-
sis and smoking history. However, we could not find a significant com-
bined effect of the COL1A1 genotypes and BMI and age atmenopause on
BMD values.

The main limitation in this report is relatively small sample size,
consequently, statistical power to examine multiple interactions as we
have done. Furthermore, the frequencies of “ss” genotype of Sp1 poly-
morphism is rarely observed in this study.We believe that further stud-
ies with a higher number of subjects with the contributions of previous
studiesmay be necessary to concludewith greater certainty of the asso-
ciation between COL1A1 Sp1 polymorphism, risk factors and predisposi-
tion to osteoporosis.

In conclusion, we could not find a significant association between
COL1A1 Sp1 genotypes and low BMD. However, we found that there
were combined effects of COL1A1 genotypes and having family history
of osteoporosis and smoking history on low BMD values. Therefore, we
suggest that COL1A1 Sp1 polymorphism may affect BMD status and the
development of osteoporosis in combination of osteoporosis risk factors
in Turkish postmenopausal women.
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