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Abs tract
Objectives: To investigate the association between bone mineral density (BMD) and collagen type Iα1 (COLIA1) gene polymorphisms in a case-
control study.
Materials and Methods: 400 unrelated postmenopausal Bulgarian women participated - 180 with normal BMD and 220 with low BMD. BMD was
measured at the forearm, lumbar spine and femoral neck by X-ray absorptiometry. A PCR product of 261 bp was digested and electrophoresed.
The prevalence of S and s alleles as well as the different genotypes was determined. All analyses were tested for statistical significance (χ2-test). 
Results:  408 s and 392 S alleles were found. Of the 220 women with low BMD, 20 had the SS genotype, 94 – the Ss genotype, and 106 – the ss
genotype. Among the 180 controls with normal BMD, 93 had the SS genotype, 76 - the Ss, and 11 – the ss genotype. The SS genotype was associated
with higher BMD and the ss – with lower BMD at all sites. The odds ratio for low BMD in the presence of the ss genotype was 10.69. 
Conclusion: In our study sample, the COLIA1 polymorphism was associated with low BMD. This particular genetic polymorphism may become a
useful genetic screening tool for osteoporosis. Türk Jem 2011; 15: 66-70
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Özet
Amaç: Bir hasta kontrol çalışması olarak kemik mineral yoğunluğu ve kollajen tip Iα1 (COLIA1)  gen polimorfizmleri arasındaki ilişkinin araştırılması.
Gereç ve Yöntemler: Postmenopozal akrabalık ilişkisi olmayan 400 Bulgar kadın çalışmaya alındı. 180 kadının kemik mineral yoğunluğu (BMD)
normaldi. 220 kadının düşük BMD ölçümleri mevcuttu. BMD, ön kol, lomber vertebra ve femur boyununda X ışını absorpsiyometri yöntemi ile ölçüldü.
Polimeraz zincir reaksiyonu (PCR) ürünü olan 261 baz çiftlik (bp) ürün, enzimle muamele edildikten sonra elektrolorezle ayrıştırıldı. S ve s alellerinir
sıklığı ve farklı genotipler tetkik edildi. Tüm analizler χ2 testi ile istatiksel anlamlılık için değerlendirildi. 
Bulgular: 408 s ve 392 s aleli belirlendi. Düşük BMD’si olan 220 kadından 20’sinin Ss genotipi; 94’nün Ss genotipi; 106’sının Ss genotipi mevcuttu.
Normal BMD’si olan, 180 kontrolden, 93’nün Ss genotipi, 76’sının Ss genotipi, 11’inin Ss genotipi mevcuttu. Ss genotipi, tüm bölgelerde yüksek BMD;
Ss genotipi ise düşük BMD ölçümleriyle ilişkiliydi. Ss genotipi varlığında, düşük BMD bulunma oranı, 10.69 kat fazlaydı.
Sonuç: Bizim çalışma grubumuzda, COLIA1 polimorfizmi düşük BMD ile ilişkili bulundu. Bu belirlenmiş polimorfizm osteoporoz tanısında faydalı bir
genetik tarama aracı olabilir. Turk Jem 2011; 15: 66-70
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Introduction 

Osteoporosis is characterized by reduced bone mineral density
(BMD), deterioration of bone microarchitecture and increased risk of
fractures (1). Genetic factors play an important role in the 
pathogenesis of low bone mass and compromised bone quality.
One of the most important candidate genes predisposing to 
osteoporosis is the collagen type Iα1 (COLIA1) gene. It encodes the
α1I protein chain of type I collagen – the major protein of bone.
Mutations that affect the coding region of COLIA1 gene cause 
osteogenesis imperfecta (2). A single G→T nucleotide 
polymorphism might affect the binding site for the transcription 
factor Sp1 in the COLIA1 gene (3). The polymorphic Sp1 site lies 
within the first intron of the COLIA1 gene in the region regulating the
collagen transcription (4). This particular polymorphism was 
associated in several studies with low BMD and an increased risk of
osteoporotic fractures (4-9). There is evidence of allele-specific 
differences in the binding of the Sp1 protein to the polymorphic
recognition site, in the allele-specific transcription, in the collagen
production, and in the bone strength in patients with different 
genotypes (10). Oligonucleotides corresponding to the s allele bind
the Sp1 protein with higher affinity than those corresponding to the
S allele (10) and Ss heterozygotes have three times more transcripts
from the s allele than from the S allele. Carriage of the s allele (Ss
and ss genotypes) could be related to disturbances in the quantity
of the COLIA1 mRNAs as in osteogenesis imperfecta (11). A change
in the ratio of the produced collagen α1(I)/α2(I) chains was shown in
osteoblasts from Ss heterozygotes (12). There is evidence that in
osteogenesis imperfecta, an inactivating mutation in the COLIA1
gene results in production solely of α1(І)3 type I collagen (13). These
data support the hypothesis that the s allele carriers have reduced
bone strength. 
In this study, we examined the relation of the COLIA1 gene 
polymorphism with BMD in a random population-based sample of
400 Bulgarians. This is a pilot study examining the prevalence of this
polymorphism and its association with forearm, lumbar spine and
femoral neck BMD in a Bulgarian sample. We wanted to verify that
this relation is the same as in other population groups. 

Materials and Methods

Subjects
The study included 400 women aged from 36 to 77 years old.
Informed consent was obtained from each subject. All studied 
individuals were from Bulgarian ethnical origin (white Caucasians)
and had no blood ties between them. About one third of the 
subjects were referrals to our Osteoporosis Centre by GPs or other
practicing medical specialists. The second third were self-referrals
and were measured because of their concern about possible
osteoporosis based mainly on maternal history of low-trauma 
fractures and known risk factors. The remaining one third came
from a population-based screening program of apparently healthy
women living in an urban area. From all studied women, 220 who
had low BMD (BMD T-score below -1.0) were labeled as cases and
180 were controls with normal BMD (T-score above -1.0). The rather

high T-score threshold was chosen to separate the women with
normal from those with abnormal BMD and, additionally, it
increased the sensitivity of the genetic markers in identifying women
with osteoporosis and fractures at the expense of specificity. All
studied women were menopausal. They had no diseases causing
secondary osteoporosis (endocrine, gastro-intestinal, liver diseases,
kidney diseases, genetic or other etiologies). None of them received
inhibitors of bone resorption, medications causing osteoporosis
(glucocorticoids, immune suppressors, heparin, anticonvulsants,
thyroid hormones and others), calcium or vitamin D. Physical 
activity was minimal in all participants. All fracture cases were 
confirmed by radiological reports at the Endocrinology Clinic and
were part of patients’ disease characteristic. 
The study design was approved by the Ethics Committee at the
Medical University Sofia as part of a research project. All patients
gave their informed consent prior to inclusion in the study.
Bone Densitometry
BMD was measured at the distal forearm by single-energy X-ray
absorptiometry (SXA) on a DTX-100 Unit (Osteometer Meditech, USA)
and at the lumbar spine (L1-L4) and femoral neck by dual-energy 
X-ray absorptiometry (DXA) on a Hologic QDR 4500 A device
(Hologic Inc., Bedford, MA, USA). 
On the DTX-100, the distal region of interest begins at the 8-mm
separation point between radius and ulna and then continues
proximally for a distance of 24 mm (14). The ultra-distal site extends
from the radial endplate proximally to the 8-mm point. BMD was
measured according to the manufacturer’s instructions in g/cm2

separately for the distal (including radius and ulna) and the ultra-
distal site (including only the radius). Z-scores were calculated
automatically based on the manufacturer’s Danish database
(issued 1994). 
BMD of the lumbar spine in the posterior-anterior (PA) projection
was with a software version 8.26:3 (Hologic, Inc., Bedford, MA, USA).
BMD L1-L4 was expressed in g/cm2 and, additionally, in terms of 
T- and Z-scores (15). The manufacturer’s American reference data-
base was used (issued 1991). Standardization was performed daily
by scanning a Hologic anthropomorphic phantom (for DXA) and a
manufacturer-supplied forearm phantom (for SXA).
Genotyping
The polymorphic region is located on the long arm of chromosome
17 (17q22). DNA was isolated from whole blood. 100 ng of the DNA
were used as template in the PCR reactions. dATP, dCTP, dTTP, dGTP
- 1,25 mM each - were used to amplify intron 1 with Taq DNA 
polymerase. The PCR was performed in a DNA thermo cycler with 
a cycling protocol of 94ºC for 1 minute, 67ºC for 1.5 minute, 72ºC for
1 minute, for 35 cycles. The PCR product was then digested with
MscI. Digestion of the product generated two fragments – 244 bp
and 17 bp. Individuals homozygous for the SS genotype had a 
single uncut fragment of 261 bp, while homozygous for the ss 
genotype had two fragments (244 bp and 17 bp). The heterozygotes
Ss had all three bands. PCR products were digested overnight with
MscI and divided by electrophoresis on an acrylamide gel.
Individuals were scored as SS, Ss, and ss according to the digestion
pattern. Uppercase letters represent the absence and lowercase
letters represent the presence of the restriction site.
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Statistical Analysis
All data were evaluated by the χ2-test and presented as means±SD.
The body mass index (BMI) was calculated as: BMI=weight
(kg)/[height (cm)/100]2.
The odds ratio (OR) for low BMD in the presence of a specific allele
was calculated as:
OR = (axd)/(bxc); where:  a is the number of carriers among the
cases, 
b is the number of non-carriers among the cases, 
c is the number of carriers among the controls, 
d is the number of non-carriers among the controls. 
The etiological factor (EF) showing what part of the condition (low
BMD) might be attributable to the associated factor (Sp1 
polymorphisms) on a population level was calculated as: 
EF = (OR-1)/OR=a/(a+b);    
The polymorphism informative content (PIC) is an index of 
informative value of a genetic marker which takes into account the
number of alleles and their frequencies. It is calculated according to
the following formula:  

where pi is the frequency of the ith allele, and n is the number of
alleles.
The statistical significance of the differences was evaluated by χ2-
tests under the assumption of a normal distribution. The small study
sample number did not allow either analysis for the adjusted effects
of different factors on the COLIA1 genotype or multivariate analyses.

Results

Genotype and Allele Frequencies
Among the studied 400 women (800 alleles), we found 408s 
alleles (51%). Among the 220 women with low BMD, 20 had the SS
genotype, 94 – the Ss genotype, and 106 – the ss genotype. The
alleles were as follows: 134 S and 306 s. Among the 180 controls
with normal BMD, 93 had the SS genotype, 76 - the Ss, and 11 – the
ss genotype. The alleles included 262 S and 98 s (Table 1). 
The observed allele frequencies in the controls (n=180) were: 73%
for the S allele and 27% for the s allele. In low BMD subjects, the 
corresponding allele frequencies were 30% (for the S allele) and
70% (for the s allele). The differences were statistically significant

after χ2-test (p<0.05). The genotype frequencies in the healthy 
controls were: 52% - SS genotype, 42% - Ss genotype, and 6% - ss
genotype. The corresponding genotype frequencies in cases with
low BMD (n=220) were 9% (SS), 43% (Ss), and 48% (ss). 
If comparing genotype frequencies according to BMD, a higher
prevalence of ss homozygotes (48%) was observed in cases with
low BMD than among healthy controls (6%) together with a lower
prevalence of SS homozygotes (9% in low BMD cases versus 52% in
healthy controls). A higher prevalence of Ss heterozygotes was
observed in low BMD cases (43%) compared with controls (42%).
Therefore, the studied genetic marker is characterized by a high
polymorphism information content (PIC=0.32) and by a high level of
heterozygotes (Table 1). 
Characteristics of the Study Subjects
The carriers of the three studied genotypes (SS, Ss, ss) did not differ
in their age, years since menopause, current smoking and alcohol
consumption (Table 2). A gene-dose effect on body weight was
found. Body weight was lowest in the ss carriers and was medium
in the Ss carriers (compared with the SS genotype). The mean BMI in
the carriers of the SS genotype was higher than in the carriers of Ss
(difference = 1.4 kg/m2, p=0.048). The mean BMI of the SS carriers
was by 2.7 kg/m2 higher than BMI in ss carriers (p<0.01). 
The Association Between Genotype and Previous Fractures
Table 2 shows the distribution of the reported osteoporotic fractures
by the COLIA1 genotype. Fractures were twice more frequent among
women with Ss genotype compared with SS genotype. Fractures
were most frequent in women with ss genotype. 
The Association Between Genotype and BMD
The three genotype groups differed in their BMD as measured at the
forearm, lumbar spine and femoral neck (Table 2). At the three sites,
BMD was highest in the SS carriers and was lowest in the ss group. 
Distal forearm BMD in ss carriers was 0.074 g/cm2 lower than in Ss
carriers and 0.080 g/cm2 lower than in SS carriers (p<0.001).
Ultradistal forearm BMD in the ss carriers was 0.084 g/cm2 lower
than in Ss carriers and 0.101 g/cm2 lower than in SS carriers
(p<0.01). The correlation between forearm BMD and genotype is
shown in Figure 1. 
Lumbar spine BMD T-scores in ss carriers were by 0.5 standard
deviations (corresponding to a BMD difference of 0.053 g/cm2)

PIC = 1 - -Σ Σ
n

pi 2pi pj
i=1

n

i=1
Σ

n

j=i+1

2 2 2

Ultradistal site: p=n.s. SS vs. Ss,  **p=0.002 SS vs. ss
Distal site: p=n.s. SS vs. Ss, ***p<0.001 SS vs. ss

Table 1. The distribution of the different genotypes and alleles by COLIA1

COLIA1 Genotype H0* χ2 p PIC** Allele χ2 p
frequency % (n) frequency %

SS Ss ss S s

Cases 9 (20) 43 (95) 48 (105) 0.40 123.44 df=2 0.32 30 70 141.88 df=1
p<0.05 p<0.05

Controls 9 (20) 43 (95) 48 (105) 73 27

* Heterozygoticy (H0) is calculated from the registered allelic values for a given marker as follows: Н0 = 1 – ∑pi2, where pi is the frequency of the ith allele.
** The polymorphism information content (PIC) = the probability that one could identify which homologue of a given parent was transmitted to a given offspring, the other parent

being genotyped as well. 

Figure 1. The distal and ultradistal forearm T-scores of women with low BMD
and osteoporosis are shown for the different COLIA1genotypes (mean ± SD). 
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lower than those in Ss carriers and were by 1.0 standard 
deviation (BMD difference of 0.104 g/cm2) lower than those in SS
carriers (p<0.001). The ss carriers had lower BMD and T-scores
than Ss carriers (by 0.7 SD and 0.075 g/cm2, respectively) and
than SS carriers (by 1.2 SD and 0.127 g/cm2) (p=0.01). The lumbar
spine and femoral neck T-scores according to the three 
genotypes are shown in Figure 2. 
Age-related Changes in the Association Between BMD and the
Present Genotype
When dividing the study subjects into 10-year age groups, the 
differences in BMD between genotypes became small among
younger women (from 40 to 50 y), but they grew bigger with
increasing age among the three genotypes. E.g. in women 
40-50 y of age, lumbar spine BMD in ss carriers was 3.4% (0.034
g/cm2) lower than in Ss carriers and 5% (0.050 g/cm2) lower
than in SS (p=0.01). In women 51-60 y of age, these differences
grew to 4% (0.039 g/cm2) and 8% (0.078 g/cm2), respectively
(p=0.01). In women 61-70 y and older, the differences in lumbar
spine BMD in the ss genotype compared to the Ss and SS 
genotypes reached 9% (0.091 g/cm2) and 16% (0.160 g/cm2),
respectively (p<0.001). Therefore, our data show an increase in
the gene-dose effect with age (Figure 3).

Discussion

Genetic factors have an important role in determining BMD. Our
study showed that the studied Bulgarian population differs 
significantly in the prevalence of the s allele from other European 
populations and is among the populations with the highest s allele
frequencies. Since the s allele is associated with lower BMD, the 
populations where the allele frequency is lower are more “healthy”
from an osteoporosis perspective.
We compared the found allele frequencies with data for the 
general European population - 82% for the S allele and 18% for s
allele, respectively (7). The s allele is found more often in Bulgarians
than in other European populations. The genotype frequencies also
differ from the published European data. In the study by 
Montanaro & Arciola (16), the SS, Ss and ss genotype frequencies
were 67%, 30% and 3%, respectively. The observed differences are
most significant when the ss group is concerned. 
We also showed an association of SS genotype with higher body
weight (higher BMI). Uitterlinden et al. (7) reported that women with
Ss genotype had lower body weight than those with SS genotype. In
their study, the women in the ss group had the lowest body weight.
These findings suggest that the association between COLIA1 
genotype and BMD might be partly mediated by the genetic effect
of COLIA1 on body weight. BMI in this case would have interfered as
a confounding factor. The differences in the patients’ BMD values
were however much greater than could be attributed solely to 
differences in BMI. We did not look for genotypes and BMD in the
subgroups with equal BMI because of the relatively small 
study sample. 
The third relevant finding in our study is that the higher prevalence
of osteoporotic fractures is associated with the s allele and the 
corresponding fracture risks were 52%, 22% and 10% in the ss, Ss
and SS genotypes, respectively. A recent meta-analysis has 
confirmed the association of COLIA1-Sp1 polymorphisms with 

Table 2. Characteristics of the women according to their COLIA1 genotype (means±SD)

Genotype Cases (low BMD) Controls (normal BMD)

SS Ss ss SS Ss ss

Number 20 94 106 93 76 11

Age (y) 51.2±2.0 51.3±3.6 52.0±3.0 51.1±6.0 51.6±3.3 52.3±2.0

Years since menopause 4.6±1.0 4.8±1.8 5.0±2.5 2.1±1.9 1.7±1.4 2.5±1.2

BMI (kg/m2) 24.3±1.4 22.9±1.2 21.6±2.1 23.2±1.0 21.3±1.4 20.6±1.2

Current smoker (%) 50 40 75 55 45 50

Alcohol consumption (%) 50 30 66 25 10 50

Previous osteoporotic fractures (%) 10 22 52 0 0 0

Forearm                   Distal site 0.414±0.036 0.408±0.044 0.334±0.049 0.537±0.077 0.542±0.057 0.530±0.039

BMD (g/cm2)            Ultradistal site 0.326±0.043 0.309±0.063 0.225±0.067* 0.425±0.045 0.428±0.057 0.419±0.039

L1-L4 BMD (g/cm2)   BMD (g/cm2) 0.782±0.029 0.731±0.054 0.678±0.027** 1.113±0.023 1.111±0.016 1.007±0.026

Femoral neck           BMD (g/cm2) 0.707±0.010 0.655±0.017*** 0.580±0.076**** 0.827 0.816 0.805

* p<0.001 for the ultradistal BMD difference ss versus Ss carriers
** p<0.001 for the lumbar spine BMD difference ss versus Ss carriers
*** p=0.003 for the femoral neck BMD difference Ss versus SS carriers
**** p=0.01 for the femoral neck BMD difference ss versus Ss carriers

Figure 2. The lumbar spine (L1-L4) and femoral neck T-scores of women with
low BMD and osteoporosis are shown in the different COLIA1genotypes
(mean ± SD).       

p=0.08 for SS/Ss,  ***p<0.001 for SS/ss at lumbar spine
**p=0.003 for SS/Ss,   **p=0.01 for SS/ss at femoral neck

Figure 3. The lumbar spine T-scores are shown in the different age groups
according to the three COLIA1genotypes (mean ±SD). 

p=n.s. SS vs. Ss and     **p=0.01 SS vs. ss in <50 y; 
p=0.10 SS vs. Ss and    **p=0.01 SS vs. ss in 51-60 y; 

*p=0.04 SS vs. Ss and  ***p<0.001 SS vs. ss in 61-70 y.
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osteoporotic fractures in Caucasian postmenopausal women (17).
The combined results showed that there was a significant difference
in genotype distribution (SS odds ratio [OR] 0.72; Ss OR 1.18; ss OR
1.97) between patients with fractures and controls. Patients with 
vertebral fractures had a significantly higher frequency of Ss 
genotype and a lower frequency of SS genotype than controls; and
those with nonvertebral fractures had a significantly higher 
frequency of  ss genotype and a lower frequency of SS genotype
than controls (17). Another study found that using the COLIA1 
genetic marker could enhance the absolute fracture risk prognosis
by improving risk classification by 2% for any fragility fracture, 4% for
hip fracture, and by 5% for vertebral fracture, beyond age, BMD,
prior fracture and propensity to falls (18).
At last, we confirmed the relationship between COLIA1 genotype
and BMD, as demonstrated in previous investigations in other 
populations (19,20). The Sp1 polymorphism in the COLIA1 gene was
associated with osteoporosis at the lumbar spine in Mexican
women (19). Uitterlinden et al. (7) reported BMD losses at the lumbar
spine, femoral neck and the forearm (-25.6% / -25% / -18%) in 
SS carriers compared to -40% / -38% / -35% in ss carriers. 
A Danish study identified specific haplotypes associated with 
perimenopausal bone mass and loss, while other haplotypes were
not (20).
Genotype specific differences in BMD increased with age in the
studied Bulgarian population group. Since the allele frequencies do
not change with age, we may hypothesize that the studied 
polymorphism is most probably a marker of increased bone loss in
elderly women and not a marker for lower peak bone mass. 
The odds ratio for low BMD and osteoporosis in the presence of
COLIA1 risk marker (s allele carriers) is 10.69. The etiological factor of
the marker is 0.82 showing that a big proportion of the disease on
a population level is associated with the Sp1 polymorphism.
Therefore, this polymorphism could be used as a marker for 
differences in bone quality and quantity. 
When considering our data, several study limitations should be kept
in mind. First, our study population was of moderate size and quite
heterogeneous which might be a source of bias. It was composed
of patients referred by other physicians, self-referrals and women
screened in a population-based program. The small sample 
number did not allow analysis for confounding variables such as
BMI, years since menopause or multivariate analyses. Our study
had insufficient power to analyze these populations separately. This
heterogeneous population is, however, representative of the typical
population receiving DXA scans at our hospital-based Osteoporosis
Center. In addition, forearm BMD was measured at the distal and
ultradistal sites, which are clearly different from the recommended
by the International Society for Clinical Densitometry 33% radius site. 

Conclusions

We found differences in forearm, lumbar spine and femoral neck
BMD between homozygotes for the SS and ss COLIA1-Sp1 
genotypes. The COLIA1 alleles were also associated with body
weight. Studying the genotype by the COLIA1 polymorphism could
provide additional information for the risk of osteoporotic fractures

beyond the information obtained from bone densitometry. Further
studies of larger cohorts and in ethnically diverse subgroups are
still necessary.
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