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Abstract. Although previous studies have established
the importance of genetic, hormonal and lifestyle fac-
tors separately, the integral role of these factors on
bone mass in postmenopausal women is still contro-
versial. We examined the association of the collagen 1-
alpha-1 gene (COLIA1) and vitamin D receptor gene
(VDR) polymorphisms, s-IGF-I, s-25OHD and life-
style factors with bone mineral density (BMD) in
postmenopausal women. We determined anthropo-
metric parameters, lifestyle factors, serum levels of
IGF-I and 25OHD, the COLIA1 Sp1 (Mscl) and VDR
(Bsml, Taql) polymorphisms by PCR and BMD by
dual X-ray absorptiometry in 141 ambulatory post-
menopausal Spanish women. There were significant
linear correlations between S-25OHD and BMD and
between s-IGF-I and BMD. BMD was statistically
higher in active subjects. Of the three different poly-
morphisms, only the COLIA1 Sp1 polymorphism was
significantly associated with BMD. In the logistic
regression model, the COLIA1 Sp1 polymorphism, S-
25OHD, s-IGF-I and physical activity variables were
independently associated with osteoporosis. Our study
shows that COLIA1 Sp1 polymorphism, S-25OHD
and s-IGF-I serum levels and physical activity are
independently associated with BMD in postmeno-
pausal Spanish women.
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Osteoporosis is defined as a skeletal disorder charac-
terized by compromised bone strength predisposing to
an increased risk of fracture [1]. Bone strength reflects

the integration of bone mineral density (BMD) and
bone quality and it is determined by the interaction of
genetic, hormonal, nutritional, lifestyle and environ-
mental factors. Twin and family studies have suggested
that BMD has a strong genetic component and is
under polygenic control [2–5]. Several candidate genes,
interleukin (IL)-6 [6], IL-1 receptor antagonist [7],
collagen 1a1 [8, 9], transforming growth factor b [10],
osteoprotegerin [11], vitamin D receptor [12], calcito-
nin receptor [13] and estrogen receptor [14, 15] have
generated considerable attention, although conflicting
results have been published. Also, bone loss in the
postmenopausal period might also be related to hor-
monal aberrations. Thus, low serum 25 hydroxyvita-
min D (s-25OHD) concentration has been implied in
the induction of secondary hyperparathyroidism-med-
iated bone loss and increased fracture risk in post-
menopausal women [16, 17]. Moreover, a decline in
serum insulin like growth factor type I (s-IGF-I) has
been reported in postmenopausal osteoporotic women
[18–20] and low serum s-IGF-I concentrations have
been related to an increased risk of osteoporotic
fractures, independently of bone mass, in postmeno-
pausal women [21].
Interactions among genetic, hormonal and lifestyle

factors are complex and in general poorly determined.
Although previous studies have established their
importance separately, the integral role of these factors
on bone mass in postmenopausal women is still con-
troversial.
The aim of the present study was to investigate the

relationships among hormonal, genetic and lifestyle
factors on bone mineral density in healthy (except for
osteoporosis) community-dwelling, ambulatory post-
menopausal women referred to a bone metabolic unit
for osteoporosis screening.
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Subjects and Methods

Study Subjects

The study included 141 postmenopausal women who were
referred by general practitioners to our unit for osteoporosis
screening. At the clinic, detailed medical history and bio-
chemical studies were performed in order to identify any
causes for low BMD. All women were Caucasian, ambulatory,
in good health except for osteoporosis, and did not present
renal, hepatic, gastrointestinal or thyroid diseases nor other
secondary causes for low BMD. All were tested for screening
of renal, hepatic or thyroid diseases by measuring serum cre-
atinine, ALAT, alkaline phosphatase, FT4 and TSH. If any of
these parameters were altered, the patients were excluded.
None of them had been treated with calcium supplements,
vitamin D preparations, hormone therapy, antiresorptive
therapy, thiazides, steroids, or other medications that might
affect BMD or vitamin D metabolism. The study was ap-
proved by the Investigation Comittee of the University Hos-
pital ‘‘San Cecilio’’ and conducted according to the Helsinki
Declaration.

Clinical, Lifestyle and Anthropometric Variables

From the clinical history of the patients we got the following
clinical variables: age, years since menopause (YSM), smoking
habits, alcohol and coffee consumption. Smoking habits were
graded as nonsmokers and smokers. Ex-smokers were included
in the smokers category. Coffee intake was graded as regular
coffee intake and sporadic or no coffee consumption. Alcohol
intake was graded as nonregular consumption and regular
consumption (<14 drinks per week). Physical activity was
graded as grade 1 mainly sedentary and grade 2 as active. The
grading was based on physiological analysis of exercise de-
mands [22, 23].

Biochemical Measurements and DNA Analysis

Morning fasting samples of venous blood were taken. Serum
was promptly separated and stored at )20�C until assay.
Serum levels of 25-hydroxyvitamin D3 (25-hydroxyvitamin D
125I RIA, Incstar Corp., Stillwater, MN; reference value (RV):
27.8 ± 9.45 ng/mL) and s-IGF-I (Nichols Institute Diagnos-
tics, San Juan Capistrano, CA, USA VR: for subjects between
40 and 54 years and older than 55 years were 90–360 and 71–
290 lg/L, respectively) [24] were measured. The intraassay and
interassay coefficients of variation (CVs) were 8.6–12.5% for S-
25OHD and less than 6% for s-IGF-I.
DNA was isolated from frozen whole blood with a modi-

fication of ‘‘salting out’’ method [25]. VDR (BsmI, TaqI) and
COLIA1 Sp1 gene (Mscl) were genotyped as previously de-
scribed [8, 12]. All the samples were analyzed at least twice. No
partial digestions were observed in any case.

Bone Density Measurements

BMD was measured by dual energy X-ray absorptiometry
(Hologic QDR1000, Waltham, MA) at lumbar spine (LS) and
femoral neck (FN). The in vivo precision (coefficient of varia-
tion) was better than 2% at both sites of measurement. Two
thousand five hundred and fifty-two healthy normal subjects
(1331 females and 1221 males) served to establish the mean
BMD in the healthy Spanish population and to calculate the t-
score (number of standard deviations of the patient’s value
from the mean of young control population) and z-score for
each BMD measurement (number of SDs of the patient’s value
from the mean control population in a 5-yr age band). The
characteristics of this reference population have been described
previously [26]. According to the WHO criteria [27], we con-

sidered osteoporosis when lumbar spine and/or femoral neck
T-Score was equal to or below –2.5 SD; 42 women (29.8%)
were diagnosed as having vertebral fracture. Vertebral frac-
tures, calcifications or other significant degenerative changes
were assessed by X-ray study and corrected according to the
method of Orwoll et al. [28].

Statistical Analysis

Group means were compared using the two-tailed nonpaired
Student’s t test and one-factor analysis of variance (ANOVA)
and categorical variables using theChi square test. According to
the number of alleles present the genotype codes for VDR BsmI
were 1 for BB, 2 for Bb, or 3 for bb genotypes; for VDR TaqI
genotypes, 1 for TT, 2 forTt, or 3 for tt genotypes; and finally the
COLIA1 Sp1 genotypes were coded as 1 for GG, 2 for GT, or 3
for TT. Logistic regression was also used to estimate crude and
adjusted odds ratio (OR) for the dichotomous outcomes of
osteoporosis (T-Score £ –2.5). InTable2, age,YSM,bodymass
index (BMI), s-IGF-IandS-25OHDwere entered in themodel as
continuous variables. Smoking habits, coffee consumption and
physical activity were entered in the model in two categories
using the non-smoking habits, non-coffee consumption and
sedentarism as reference categories, respectively.
Using the results from the logistic regression model ob-

tained, we created a new variable, osteoporosis risk score
(ORS), taking into account the effect of s-25OHD, s-IGF-I,
COLIA1 Sp1 polymorphism and physical activity. It was co-
ded for 0–4 by adding one point if S-25OHD and s-IGF-I
serum levels were under the median value of the sample, if
COLIA1 Sp1 polymorphisms were GT or TT and if physical
activity was grade 1 (sedentarism). The index changed from 0
to 4, reflecting an increasing risk of presenting osteoporosis. A
logistic regression analysis was performed on each grade of
this new variable (ORS) in order to determine the risk of
suffering osteoporosis and controlling for the rest of the vari-
ables: age, YSM, BMI, lifestyle, hormonal and genetic vari-
ables. The Hosmer and Lemeshow Goodness-of-Fit test used
in the models proved to be nonsignificant (P> 0.3). Statistical
significance was defined as a P value less than 0.05 and no
penalization for multiple comparisons was made in order to
retain all potentially signficant factors in multivariate models.
All analyses were performed in SPSS (version 10.0.1) using the
logistic regression program when calculating 95% confidence
intervals (CI) and P values.

Results

The characteristics of the patients are shown in Table 1.
None of the women were regular alcohol consumers. Six
women had –s25OHD levels below 8 ng/ml. According
to the WHO criteria [27], 73 patients (51.8%) were
considered nonosteoporotic (T-Score > –2.5) and 68
(48.2%) were osteoporotic (T-Score#–2.5). The distri-
bution of genotypes for each of the three polymor-
phisms studied (COLIA1 Sp1 MscI: SS 64 [45.4%], Ss 68
[48.2%], ss 9 [6.4%]; VDR BsmI: BB 24 [17%], Bb 70
[49.6%], bb 47 [33.3%]; VDR TaqI: TT 49 [34.8%], Tt 69
[48.9%], tt 23 [16.3%]) was consistent with Hardy-
Weinberg equilibrium (P> 0.05 for all). The correlation
between the TaqI and BsmI genotypes was the only one
that reached statistical significance (correlation coeffi-
cient –0.85; P < 0.001).
There were significant linear correlations between

s-25OHD and age and YSM (age vs s-25OHD:
r = –0.193; P = 0.022, YSM vs s–25OHD: r =
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–0.270; P = 0.001) and between s-IGF-I and age and
YSM (age vs s-IGF-I: r = –0.185; P = 0.032, YSM vs
s-IGF-I: r = –0.307; P < 0.001). After controlling for
age and YSM, there were significant linear correlations
between s-25OHD and BMD (s-25OHD vs BMD LS:
r = 0.3; P< 0.001, s-25OHD vs BMD FN: r = 0.259;
P = 0.003) and between s-IGF-I and BMD (IGF-I vs
BMD LS: r = 0.279; P = 0.001, s-IGF-I vs BMD FN:
r = 0.201; P = 0.02), but not between s-IGF-I and s-
25OHD (r = 0.131; P = 0.132).
We did not find significant relationships among

smoking habits, coffee consumption and BMD. LS
BMD and s-25OHD were statistically higher in active
subjects (LS BMD: 0.84 ± 0.16 vs 0.778 ± 0.118;
P = 0.012, s-25OHD: 20.5 ± 8.3 vs 16.5 ± 7;
P = 0,002) whereas YSM was statistically higher in
sedentary subjects (YSM: 12.1 ± 8.3 vs 15.2 ± 8.4;
P = 0.026). The association between physical activity
and osteoporosis remains statistically significant after
adjusting for s-25OHD levels (Sedentarism vs osteopo-
rosis: OR crude 3.3 [1.7–6.6], OR s-25OHD adjusted 2.6
[1.2–5.3]). The COLIA1 Sp1 polymorphism was signifi-
cantly associated with BMD, but no other trends for
genetic associations with BMD were seen (Fig. 1). No
statistical relationships were found among s-25OHD,
s-IGF-I and genotypes.
Taking into account the total effect of age, YSM,

body mass index, lifestyle, hormonal and genetic vari-
ables, the COLIA1 Sp1 polymorphism, s-25OHD,
s-IGF-I and physical activity variables were indepen-
dently associated with the densitometric osteoporosis
criteria (Table 2). None of the remaining polymor-
phisms entered the regression model. The odds ratios for
osteoporosis were nonsignificant when assessed using
lifestyle factors. The probability of meeting the ostero-
porosis densitometric criteria was independently higher
in subjects with s-25OHD or s-IGF-I below the median
or GT/TT COLIA1 Sp1 genotypes or sedentarism (Ta-

ble 3). ORS index was created by adding one point
whenever the subject at risk appeared in any of these
variables. The probability of meeting the osteroporosis
densitometric criteria rises in parallel with ORS even
when it is adjusted for potentially confounding variables
(Table 4). None of the subjects with a ORS value of 0
had osteoporosis. The results of the logistic regression
models were unaltered after excluding women with
25OHD deficiency (values below 8 ng/ml)

Discussion

Circulating hormones and growth factors may act either
directly or indirectly on skeletal cells, modulating bone
metabolism, especially s-IGF-I and s-25OHD. However,
although there is some evidence of a role for these
hormones as osteotropic agents, attempts to correlate
them to BMD in postmenopausal women have pro-
duced conflicting results. In our study, s-IGF-I was
positively associated with BMD, an association that is in
accordance with some previous studies [19, 29, 30], but
not all [31, 32]. There is a tremendous heterogeneity in
serum s-IGF-I concentrations among healthy adults and
the precise reasons for this variability in postmeno-
pausal women are not clear. It has been demonstrated
that s-IGF-I levels can be reduced in undernutrition,
catabolic states, older women, and deficiencies in overall
health status [33–35]; and s-25OHD can be reduced in
housebound people, medical inpatients and nursing
home residents [36–38]. However, in our study all the
women were healthy and ambulatory; none were in a
poor nutritional state as judged by clinical assessment.
Morever, s-IGF-I and s-25OHD were significant inde-
pendent predictors of BMD even if age, years since
menopause, physical activity and BMI were taken into
account. The pathogenic role of low levels of vitamin D
has been clearly demostrated. Secondary hyperpara-

Table 1. Clinical characteristics and genotype frequency of study population

Total group n = 141 Non-osteoporotic n = 73 Osteoporotic n = 68

Age (yrs)+ 61 ± 7 60 ± 7.6 62 ± 7
YSM (yrs)+ 13.6 ± 8.5 11.1 ± 8.2 16.3 ± 7.9
BMI (Kg/m2)+ 29.7 ± 4.3 30.6 ± 4.4 28.9 ± 4.1
s-25OHD (ng/mL)+ 18.6 ± 7.9 21.4 ± 9.1 15.7 ± 5.1
s-IGF-I (lg/L)+ 107 ± 46 121 ± 44 92 ± 38
LS BMD (gr/cm2)+ 0.811 ± 0.147 0.917 ± 0.123 0.698 ± 0.058
LS Z-Score+ –0.49 ± 1.13 –0.28 ± 0.98 –1.32 ± 0.57
FN BMD (gr/cm2)+ 0.674 ± 0.108 0.727 ± 0.104 0.618 ± 0.081
FN Z-Score+ –0.3 ± 1.1 –0.17 ± 1 –0.81 ± 0.88
Smoking 7.8% 6.8% 8.8%
Coffee consumption 29.1% 30.1% 27.9%
Sedentarism* 46.8% 32.9% 61.8%

YSM: years since menopause, BMI: body mass index, IGF-I: insulin-like growth factor type 1 (lg/L), s-25OHD: 25-hydroxivi-
tamin D (ng/ml), LS: lumbar spine, BMD: bone mineral density, FN: femoral neck. Data are mean ± SD and frequency (%)Non-
osteoporotic vs osteoporotic: +P < 0.02; Student’s t test, *P = 0.001; Chi square test
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thyroidism is a well-known consequence of low s-
25OHD levels [17, 36, 38–40] and it also has been de-
scribed as acting directly on bone tissue [17, 41, 42]. The
potential causes for the decrease of s-IGF-I in osteo-
porotic women are not known at this time. In this
regard, the lack of association between s-IGF-I and
s-25OHD suggests that the down-regulation of the
s-IGF-I in osteoporotic women is independent of vita-
min D. However, as it has been suggested previously,

estrogen deficiency potentiates the effect of PTH excess
due to vitamin D deficiency [43] and the decline in GH-
IGF axis, with age correlated with changes in gonadal
steroid levels [44, 45].
Our study addressed the relative importance of three

different polymorphisms involving two different genes
that have been implicated in the regulation of BMD in
postmenopausal women. The complexity of potential
genetic influences in the regulation of bone mass
necessitates a multivariate approach for the analysis of
genetic effects. Also, changes in bone metabolism in-
duced by a hormonal postmenopausal state could dis-
sipate subtle differences in bone mass due to genetic
influences. Several candidate genes have been studied
regarding their contribution to postmenopausal osteo-
porosis. Previous studies have shown that the poly-
morphism of the VDR and COLIA1 Sp1 genes were
associated with low bone mass [8, 9, 12, 46–48], al-
though others did not observe similar associations [49–
52]. We found that the COLIA1 Sp1 risk genotypes (Ss
and ss) were associated with postmenopausal osteopo-
rosis. Moreover, this relation was independent of an-
thropometrical parameters, clinical variables, lifestyle
factors, hormonal influences and the effect of the VDR
gene. It remains unkown how COLIA1 Sp1 genotypes
affect bone strength but there is preliminary evidence
that COLIA1 Sp1 genotype may influence gene tran-
scription and collagen production [47]. In our popula-
tion, no significant associations were found between

Fig. 1. Bone mineral density
according to different
genotypes for gene
polymorphisms. LS: lumbar
spine, FN: femoral neck, BMD:
bone mineral density, VDR:
vitamin D receptor gene,
COLIA1: collagen 1-alpha-1
gene. Data are mean ± SEM.

Table 2. Associations with osteoporosis: bivariate and mul-
tivariate regression analyses

Bivariate Multivariate

OR CI 95% OR CI 95%

Age 1.05 0.99–1.1 0.95 0.85–1.06
YSM 1.08 1.04–1.13 1.09 0.99–1.21
BMI 0.91 0.84–0.98 0.9 0.81–1.01
s-IGF-I 0.98 0.97–0.99 0.97 0.96–0.99
s-25OHD 0.89 0.85–0.94 0.89 0.82–0.95
BsmI-VDR 1.12 0.69–1.81 0.37 0.1–1.35
TaqI-VDR 0.76 0.47–1.24 0.49 0.13–1.8
COLIA1-MscI 2.35 1.31–4.22 2.42 1.03–5.68
Smoking habits 1.32 0.38–4.53 3.69 0.56–24.63
Coffee consumption 0.89 0.43–1.86 0.56 0.2–1.58
Sedentarism 3.29 1.65–6.58 2.59 1.07–6.31

YSM: years since menopause, BMI: body mass index (Kg/m2),
s-IGF-I: insulin-like growth factor type 1 (lg/L), s-25OHD:
25-hydroxivitamin D (ng/ml), VDR: vitamin D receptor gene,
COLIA1: collagen 1-alpha-1 gene
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VDR polymorphisms and any of the examined param-
eters, as ocurred in previous studies [49]. Moreover, no
correlations could be demonstrated between VDR gene
polymorphisms and polymorphisms in the COLIA1
gene, hormonal variables or BMD. We therefore con-
clude that our results do not support the hypothesis that
VDR polymorphisms could be associated with BMD in
Spanish postmenopausal women.
The risk of osteoporosis in postmenopausal women

could be reduced by exercise [53, 54]. Some studies
suggest that walking, stair climbing and gardening are
appropriate recommendations for maintaining bone
mass [53, 55]. In our study, physical activity is inde-
pendently associated with postmenopausal osteoporosis,
in agreement with previous studies that found similar
associations between bone mass and physical activity
[56, 57]. Other lifestyle-related factors such as high caf-
feine intake and smoking have been associated with an
increased risk of osteoporosis [58], however, our results
failed to observe a significant association between
smoking or coffee consumption and BMD. Larger
studies are necessary before the effect of these lifestyle-
related factors on BMD can be established with any
certainty.
The present study has several limitations. First, wo-

men enrolled may not represent the general population.
However, in our study all the women were ambulatory,

community dwelling women, none of whom were in a
poor nutritional state, as judged by clinical assessment.
Moreover, the genotype frequencies in our sample were
similar to those reported previously, and bivariate
analyses showed similar results to previous studies about
the relationship among COLIA1 Sp1 polymorphism, s-
IGF-I and s-25OHD on postmenopausal bone mass.
Also, the index that we have derived (ORS) seems to be
simple and easy to use, but undoubtedly the ORs that
appear in Table 4 are overestimated because this index
is derived and proven from the same sample. For that
reason it must be used with caution until other samples
are available to test it.
The study has a limited power to demonstrate sig-

nificant effects of different polymorphisms on BMD
because of its sample size (n = 141; 68 osteoporotic and
73 non-osteoporotic). In this way, for our sample size,
the COLIA1 Sp1 polymorphism power was 90.73% and
the test was statistically significant. However, for VDR-
BsmI the power was very low (below 50%), due not only
to the sample size but also the difference between per-
centages of the genotypes in women with or without
osteoporosis (4%). In fact, to detect this difference we
would need a sample size of 1,383. We found similar
results for VDR-TaqI (power 54.5%), although the dif-
ference between percentages was 12%. Thus the power
was not very high, except for COLIA1. We consider this

Table 3. s-25OHD, s-IGF-I, COLIA1 and physical activity associations with osteoporosis: bivariate and multivariate regression
analyses

Number
OR crude OR adjusted*

of subjects OR CI 95% OR CI 95%

s-25OHD < 18.6 ng/ml 84/141 (59.6%) 4.8 2.29–10.01 3.2 1.42–7.39
s-IGF-I < 107 lg/l 74/141 (52.5%) 3.6 1.75–7.29 4.3 1.91–9.82
COLIA1 Ss/ss vs SS 77/141 (54.6%) 2.22 1.13–4.38 2.7 1.21–6.17
Sedentarism 66/141 (46.8%) 3.3 1.65–6.58 2.8 1.24–6.08

S-25OHD: 25-hydroxivitamin D (ng/ml), s-IGF-I: insulin-like growth factor type 1 (lg/L), COLIA1: collagen 1-alpha-1 gene*OR
adjusted for the effect of the three other factors

Table 4. Osteoporosis risk score: bivariate and multivariate analysis

Osteoporosis
Number of
subjects with

OR crude

OR age, YSM, BMI,
lifestyle, hormonal and
genetic variables adjusted

risk score osteoporosis OR CI 95% OR CI 95%

0 0/11 (0%)
1 3/32 (9.4%) 1 – 1 –
2 24/40 (60%) 15 3.8–55.7 17 3.9–71.6
3 29/43 (67.4%) 20 5.2–77.2 22 4.8–100.4
4 12/15 (80%) 39 6.8–219.4 40 6.2–256.4

Osteoporosis risk score: was coded for 0 to 4 by adding one point if 25OHD and IGF-I serum levels were under the median value
of the sample, if COLIA1 polymorphisms were Ss or ss and if physical activity was sedentarism
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is not only due to the sample size but also to the fact that
differences between some markers proportions are very
small.
To our knowledge no previous studies have investi-

gated the links among genetic, hormonal and lifestyle
factors in bone mass in a population of postmenopausal
women. Our most interesting finding shows that s-IGF-
I, s-25OHD, COLIA1 Sp1 polymorphism and physical
activity are independently associated with postmeno-
pausal osteoporosis. More interestingly, none of the
subjects with appropiate levels of s-25OHD and s-IGF-
I, SS COLIA1 Sp1 genotype and non-sedentary physical
activity were osteoporotic, and 80% of women with low
levels of s-25OHD and s-IGF-I, Ss/ss COLIA1 Sp1
genotype and sedentary physical activity were osteopo-
rotic. However, stratification of subjects according to
VDR or COLIA1 Sp1 genotypes did not reveal any
difference in s-IGF-I or s-25OHD serum levels. In con-
clusion, these results support the hypothesis that s-IGF-
I, vitamin D, COLIA1 Sp1 gene and physical activity
are related to individual susceptibility to osteoporosis in
postmenopausal women. If our observations can be
confirmed by other studies, COLIA1 genotyping and the
measurements of serum levels of s-IGF-l and s-25OHD
might improve our current methods of assessing the risk
of osteoporosis in postmenopausal women.
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