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Abstract
Summary A cohort of postmenopausal osteoporotic
females and controls with normal bone mineral density,
the interleukin 6 (IL6) −634G>C (rs1800796) C allele of
the promoter region showed association with osteoporosis.

The lipoprotein receptor-related protein 5 (LRP5) gene
showed association between C135242T C/T alleles and
osteoporosis only in smokers, suggesting a role for
environmental interaction.
Introduction A nested case–control study within a
population-based cohort was undertaken to assess the
relative impact of cigarette smoking, statin use, genetic
polymorphisms, and one-way interaction of these factors on
development of osteoporosis in postmenopausal women.
Methods Genotyping of 14 single-nucleotide polymorphisms
(SNPs) corresponding to vitamin D receptor gene, estrogen
receptor 1, collagen type 1 alpha 1, IL6, transcription
growth factor beta, apolipoprotein E, and LRP5 genes was
performed in cases (n=309) with osteoporosis and controls
(n=293) with normal bone mineral density drawn from a
homogeneous Caucasian population. SNPs were chosen
based on known functional consequences or prior evidence
for association and genotyped using matrix-assisted laser
desorption ionization time-of-flight technology.
Results Cases differed from controls relative to body mass
index, age, and smoking but not statin use. After adjusting for
age, the IL6 −634G>C (rs1800796) allele showed associa-
tion with osteoporosis (odds ratio (OR) for CC+CG=2.51,
p=0.0047)), independent of statin use or smoking status. On
stratification for smoking, association with LRP5 C135242T
(rs545382) and osteoporosis emerged (OR 2.8 in smokers for
CT alleles, p=0.03)), suggestive of potential environmental
interaction.
Conclusion Evidence suggested a role for genetic vari-
ation in IL6 and LRP5 in conferring risk for osteoporosis
in Caucasian women, with the latter manifest only in
smokers.
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Introduction

Osteoporosis is defined as a skeletal disorder associated
with compromised bone strength and increased risk of
fracture (2000 NIH Consensus Development Conference).
Osteoporotic bone is characterized by decreased bone mass
and deterioration of its microarchitecture [1]. The clinical
significance of osteoporosis is the occurrence of low-energy
fractures, most notably of the hip, spine, and distal forearm.
Since there is no practical in vivo measurement of bone
strength, bone mineral density (BMD) is used as a surrogate
measure for fracture risk. The most common means of
assessment of BMD is dual-energy X-ray absorptiometry
(DXA). This measurement is estimated to account for 70%
of bone strength [2]. The remainder of bone strength is
attributable to the quality of bone and includes factors such
as microarchitecture, quality of organic matrix, degree of
mineralization, accumulation of microdamage, state of bone
turnover, bone size, and geometry [3].

The public health significance of osteoporosis is
significant since approximately 20% of all postmeno-
pausal women in Western countries meet densitometric
criteria for osteoporosis and 1.5 million fractures are
attributable to osteoporosis annually in the US. Given
increasing longevity, annual hip fracture rates are
expected to increase globally from 1.66 million in 1990
to 6.26 million by 2050 [4]. Restraining the increasing
prevalence of osteoporosis will require changes in lifestyle
and improvements in treatment modalities.

Osteoporosis is a multifactorial disease, which is
determined by complex interactions between the genetic
and environmental factors which govern peak bone mass,
rate of bone loss, bone strength, and bone turnover. Genetic
factors are estimated to account for 50–80% of the
interindividual variation in BMD [5, 6]. Most genetic
studies have focused on BMD as a phenotypic marker for
osteoporosis. Association with BMD and/or osteoporosis
has been reported for over 60 genes, including those related
to calciotropic hormones and receptors, cytokines, growth
factors and receptors, bone matrix proteins, and various
other proteins [7]. These genes account for less than 5% of
the variance in BMD attributable to genetic factors within
the general population [8]. Multiple demographic and
environmental factors have been evaluated for contribution
to the development of osteoporosis and/or low BMD with
inconsistent results. These include cigarette smoking [9],
alcohol excess, low dietary intake of calcium, vitamin D
insufficiency, low body mass index (BMI) [10], elevated
parathyroid hormone, homocysteine [11], Caucasian race,
female sex, and prior history of fracture [12].

Since the contribution of any individual gene to the
development of osteoporosis is expected to be relatively small
on a population level, we undertook a study to analyze genetic

and environmental factors in women with postmenopausal
osteoporosis in the Marshfield Clinic Personalized Medicine
Research Project (PMRP) Cohort. Our working hypothesis
states that gene–gene and gene–environmental interaction is
associated with postmenopausal osteoporosis. The clinical
application of this analysis would facilitate identification of
individuals with underlying genetic susceptibilities with
potential to interact with defined environmental exposures in
order to target avoidance of those risk factors in order to
minimize risk.

Methods

A nested case–control study design was undertaken
utilizing banked data and DNA from the PMRP Cohort
[13]. Logistic regression analysis was undertaken to define
genetic and environmental interactions with osteoporosis
defined as the outcome parameter. Risk factors analyzed
included cigarette smoking and statins as the environmental
exposures of interest and 14 polymorphic alleles occurring
within the, vitamin D receptor gene (VDR), estrogen
receptor 1, collagen type 1 alpha 1 (COL1A1), interleukin
6 (IL6), transcription growth factor beta (TGF-β), apolipo-
protein E, and lipoprotein receptor-related protein 5 (LRP5)
genes.

Personalized medicine research project cohort

PMRP has established a population-based DNA and
phenotypic biobank which serves as a resource for
studies related to the genetic basis of health and disease
[13]. Approximately 20,000 subjects age 18 years and
over have been enrolled in PMRP to date. Participating
subjects reside in the Marshfield Clinic Epidemiologic
Study Area (MESA) in a 14-zip-code area surrounding the
clinic and receive care almost exclusively from the clinic
so that very complete, comprehensive, electronic medical
records are available for these individuals. In addition,
information relative to environmental exposures was
collected and stored on individuals at the time of
enrollment. Participants consented to DNA banking and
access to their electronic medical record for the purpose of
obtaining study-related phenotypic data.

Potential cases were initially identified electronically
applying “rule of 2” in which documentation of at least two
occurrences of an International Classification of Diseases 9
code is required to validate the clinical diagnoses of
osteoporosis. FreePharma software was used to identify
documentation of utilization of pharmaceuticals prescribed
for management of osteoporosis including collection of at
least two occurrences of documentation of dose and
frequency of use. Established practice guidelines were
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utilized to define BMD cutoff values that identified
presence of osteoporosis [14]. Postmenopausal subjects
aged 50 years and greater were classified as having
osteoporosis if they met either of the following two criteria:

1. BMD T-score≤−2.5 at lumbar spine (or assessable
subregion), proximal femur or nondominant forearm

2. One or more low-energy fractures of the spine, hip,
radius, or pelvis

All DXA scans were performed at Marshfield Clinic or
satellite centers. Scans performed at satellite centers were
reviewed by one of two rheumatologists who were study
coinvestigators. The practice guidelines of International
Society for Clinical Densitometry (ISCD) for interpretation
of BMD results were followed [14].

Potential controls were excluded if they were taking
estrogen or had an existing diagnosis of osteoporosis,
osteopenia, or a low-energy fracture. Controls must have
had a DXA scan within 24 months of the date of the
electronic interrogation of the medical record.

Cigarette-smoking history in cases and controls was
abstracted from the environmental exposure questionnaires
completed by subjects on enrollment into PMRP. Two
smoking variables were constructed to facilitate logistic
modeling: (1) ever/never binary variable and (2) current/
past/never ordinal variable.

Statin use was ascertained by electronic phenotyping using
FreePharma software to minimize potential errors associated
with reliance on patient recall of exposure [15, 16].
Interrogation of the medical record was undertaken for the
following statins: lovastatin, fluvastatin, cerivastatin, pravas-
tatin, simvastatin, atorvastatin, and rosuvastatin. This ap-
proach for detecting exposure to statins has been piloted

previously at Marshfield Clinic and exhibited a sensitivity of
100% and specificity of 96%. Actual statin dosage was
manually abstracted. Two statin variables were created for
inclusion in the multivariate models: (1) ever/never user as a
binary variable and (2) “statin-years” of exposure, similar to
pack-years of smoking that incorporated both dose and
duration of statin use.

Quality assurance (QA) was performed in two phases.
Phenotypic data from a subset of 150 cases and controls (25%
of the total study population) from a prior phenotyping engine
pilot study were compared with the phenotypic data obtained
from the current study for validation. In addition, a second QA
of 19/602 (3%) cases and controls was performed using
double-blind data extraction. The concordance rate for both
QAs was 100%. ISCD-certified study coinvestigators (DW,
FM) reviewed individual DXA scans when appropriate.

Genotyping

Genes and single-nucleotide polymorphisms (SNPs) and
their corresponding minor allele frequencies listed in
Table 1 were chosen for evaluation in this study because
of prior demonstration of association with osteoporosis.
The genotyping analysis of the SNP alleles in Table 1 was
performed using the Sequenom MassARRAY SNP geno-
typing system (San Diego, CA, USA). The system utilizes
the iPLEX assay, a primer extension reaction chemistry
designed to detect sequence differences at the single-
nucleotide level. Each sample was amplified in a multi-
plexed reaction utilizing specific primers prepared using
sequence templates defined in Table 2. Matrix-assisted laser
desorption ionization time-of-flight (MALDI-TOF) mass
spectrometry was used to detect mass difference that allows
discrimination among the encoded SNP alleles.

Gene SNP Minor allele frequency Ref

VDR rs1544410 (BsmI) 0.29 [40]

VDR rs7975232 (ApaI) 0.47 [41]

VDR rs731236 (TaqI) 0.30 [41]

VDR rs10735810 (FokI) 0.31 [42]

ESR1 rs9340799 (Xba1) 0.29 [43]

ESR1 rs2234693 (PvuII) 0.46 [44]

COL1A1 rs1800012 0.19 [45]

IL6 rs1800796 0.24 [39]

TGFBeta rs8179182 (713-8delC) 0.02 [46]

ApoE rs429358 0.07 [47]

ApoE rs7412 0.03 [47]

LRP5 rs545382 (C135242T) 0.15 [20]

LRP5 rs2306862 (C141759T) 0.16 [20]

LRP5 rs4988320 (G121513A) 0.20 [20]

LRP5 rs4988321 (G138351A) 0.13 [20]

Table 1 Osteoporosis candidate
genes and SNPs analyzed
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PCR reaction

Genomic DNA (30–45 ng) was amplified in a 5-µL
reaction containing 0.5 U of HotStar Taq enzyme
(Qiagen, Valencia, CA, USA), 1.25× buffer, 1.6 mM
MgCl2, 0.5 mM each dNTP (Invitrogen, Carlsbad, CA,
USA) and 100 nM of each gene-specific forward and
reverse primer (Integrated DNATechnologies, Inc., Coral-
ville, IA, USA). The reactions were run in a 384-microtiter
plate format and amplified in a 9700 thermocycler
(Applied Biosystems, Foster City, CA, USA). Cycling
conditions were 15 min at 94°C, 45 cycles of 20 s at 94°C,
30 s at 56°C, 60 s at 72°C, and final extension time of
3 min at 72°C. After the polymerase chain reaction (PCR)
amplification, Arctic shrimp alkaline phosphatase is added
to the samples, which are then incubated for 40 min at
37°C to dephosphorylate any residual amplification
nucleotides.

iPLEX reaction

The extension primers, iPLEX enzyme, iPLEX buffer, and
the iPLEX termination mixture of mass-modified dideox-
ynucleotide triphosphates are added to initiate the iPLEX
primer extension reaction. This reaction generates allele-
specific primer extension products that are one base longer
than the original MassEXTEND primer. The extend
mixture (2 µL) is added to the PCR/SAP mixture (7 µL)
for a total volume of 9 µL containing 0.222×iPLEX buffer,
1×iPLEX Termination Mix, 0.625 to 1.25 µM of each
extension primer, and 1×iPLEX enzyme. The extension
reaction consists of a two-step 200 short cycles program
consisting of one loop of five cycles inside a loop of 40
cycles. The sample is denatured at 94°C for 30 s. Strands
are then annealed at 52°C for 5 s and extended at 80°C for
5 s. The annealing and extension cycle is repeated four
more times for a total of five cycles and then looped back to
a 94°C denaturing step for 5 s and then enters the five-cycle
annealing and extension loop again. The five annealing and
extension steps with the single denaturing step are repeated
an additional 39 times for a total of 40, which equate to a
total number of 200 cycles. Following the extension
reaction, MassEXTEND clean resin is added to the reaction
to remove extraneous salts that interfere with MALDI-TOF
analysis.

MALDI-TOF analysis

The sample is then transferred in15-nL quantities from the
384-well plate and spotted onto the pad of the 384
SpectroCHIP array chip. The chip is placed into the
MALDI-TOF, which detects the mass difference that
differentiates between SNP alleles.T
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Statistical analysis

All factors (genetic and environmental) were modeled in
univariate logistic models using the package SAS (Cary, NC,
USA). This modeling evaluated independent associations
between each independent genetic and environmental factor
and osteoporosis. Models were also tested for all one-way
interactions (gene–gene and gene–environment). This analy-
sis evaluated multiple gene–gene and gene–environmental
interactions and their potential contribution to the develop-
ment of osteoporosis. BMI was included as a potential
confounder in all models. Low BMI increases risk of
osteoporosis while high BMI increases risk of elevated lipids
and use of statins. A p value of 0.05 was considered
statistically significant.

Results

Age, smoking status, BMI, T-score, and statin usage for the
study population are summarized in Table 3. Significant
differences were observed among cases and controls. Cases
were significantly older and had a greater percentage of
smoking individuals and lower T-score values than the
control individuals. Statin use was equivalent among case
and control groups.

Logistic regression analysis adjusted for IL6, age, BMI,
and smoking status is shown in Table 4. The IL6 −634G>C
(rs1800796) allele of the promoter region exhibited associ-
ation with osteoporosis (odds ratio (OR) for CC+CG=2.51
(95% confidence interval (CI)=1.33, 4.75; p=0.0047)),
independent of statin use or smoking status.

Logistic regression analysis of LRP5 adjusting for age,
BMI, and smoking was performed with all LRP5 alleles
listed in Table 1. The ORs obtained indicate a lack of
significant differences among LRP5 genotypes between
cases and controls suggesting that LRP5 genotype alone
was not associated with osteoporosis in this population
(data not shown). Gene–gene and gene–environment
modeling was significant for association between LRP5
C135242T and cigarette smoking with an OR of 2.8 in
smokers with the C/T alleles (95% CI=1.1, 7.0 p=0.03).
These data are shown in Table 5.

Discussion

Since the relative contribution of individual genes to
susceptibility for osteoporosis is expected to be small, we
undertook an analysis to determine whether gene–environ-
ment associations for osteoporosis could be identified and
to evaluate their relative contribution to risk. This study is
the first to demonstrate evidence for an interaction between
cigarette smoking and LRP5 in association with osteoporo-
sis. A significant association with an OR of 2.78 was
observed between the LRP5 C135242T SNP and BMD
when cases and controls were stratified by smoking status.
The LRP5 gene encodes a transmembrane protein involved
in Wnt signaling: LRP5. The Wnt pathway plays an
important role in bone development and metabolism [17,
18]. Recent experimental evidence in mice indicates that
LRP5 indirectly regulates bone mass by inhibiting trypto-
phan hydroxylase (Tph), a rate-limiting enzyme for
serotonin synthesis in duodenal enterochromaffin cells

Baseline characteristics Controls (N=293) Cases (N=309) p value

Age (years) 61.6±8.8 70.4±9.4 <0.001

Smoke

Never smoked 176 (60.1%) 217 (70.2%) 0.02
Past smoker 27 (9.2%) 15 (4.9%)

Current smoker 90 (30.7%) 77 (24.9%)

Body mass index 32.9±6.7 26.9±5.0 <0.001

BMD T-scores

ROI spinea 0.5 (−1.0, +4.0) −2.5 (−5.3, +1.2) <0.001

Hipa −0.1 (−1.0, +2.7) −2.6 (−5.0, −0.6) <0.001

Femoral necka −0.1 (−1.0, +2.2) −2.5 (−3.8, −0.5) <0.001

Trochantera 0.1 (−1.0, +3.1) −2.3 (−5.0, −0.4) <0.001

Total hipa 0.4 (−0.9, +3.2) −1.9 (−3.9, −0.1) <0.001

Distal radiusa 0.2 (−0.8, +2.2) −2.5 (−5.6, −0.4) <0.001

Ever use of statin

Yes 115 (39.3%) 118 (38.2%) 0.79

No 178 (60.8%) 191 (61.8%)

Table 3 Baseline characteristics
of study population

a Data represent median (range)
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[19]. This represents a significant departure from the
prevailing view that LRP5 exhibits direct effects on
osteoblast function. There was no significant association
between LRP5 C135242T and BMD in osteoporotic cases
and controls in the absence of stratification for smoking.
Prior reported associations between LRP5 and BMD are
summarized in Table 6.

Koay et al. [20] observed a strong association (p=0.007)
between LRP5 and BMD in a cohort of 152 osteoporotic
male and female probands and their families. This
polymorphism is located at +65 bases from the start of
exon 8 and represents a phe→phe same-sense mutation.
Significant differences were found in the haplotype con-
sisting of the C135242T G121513A, G138351A, and
C141759T SNPs (χ2=21.2; p=0.002), a three-marker
haplotype consisting of G121513A, C135242, and
G138351A (χ2=23.9; p=0.001), and a three-marker hap-
lotype consisting of C135242T, G138351A, and C141759T
(χ2=23.9, p=0.001). It is possible that the C135242T SNP
does not directly affect BMD but is in linkage disequli-
brium with a SNP(s) which does affect BMD. Alternatively,
this SNP may alter an mRNA splice site. Since males and
females were analyzed in Koay’s study and only females
were analyzed in our study, a gender-specific effect of the
C13524T SNP in the absence of smoking is suggested.

The mechanism(s) by which cigarette smoking contrib-
utes to osteoporosis is unclear. Inhibition of the chemotactic
response of osteoprogenitor cells and osteoblast-like cells to
platelet-derived growth factor-BB and fibronectin following
exposure to cigarette-smoking extract (CSE) has been
demonstrated [21]. These chemotactic stimuli play a role
in recruitment of mesenchymal cells during bone restructur-
ing. CSE also inhibited bone cell contraction of collagen
gels by osteogenic progenitor cells and osteoblast-like cells.

Some experimental evidence for association between
cigarette smoking, LRP5 insufficiency, and bone fragility

has been reported in murine models [22]. LRP5 knockout
mice exposed to cigarette smoke exhibited a 45% decrease
in trabecular bone structure and apparent density and
midshaft ultimate load compared to unexposed controls.

Unpublished data collected by A Schuldiner (coauthor)
were evaluated further to assess association of BMD and
LRP5 C135242T in a different population. Genotypic and
phenotypic data including BMD and tobacco exposure
limited to tobacco chewing collected from an old Order
Amish population were analyzed. Adult males in the Old
Order Amish population who chewed tobacco exhibited no
significant association (p=0.29) between tobacco chewing
and BMD. Potential explanations for this inconsistency may
be that the effect of smoking on BMD is gender specific or,
alternatively, that the metabolism and toxicity of cigarettes
components may differ with route of exposure.

IL6 is produced by a variety of lymphoid and non-
lymphoid cells including T and B cells, monocytes,
fibroblasts, keratinocytes, endothelial cells, mesangial cells,
and some tumor cells. IL6 plays an important role in
hematopoiesis by acting synergistically with IL3 and IL6 by
formation of multilineage blast cell colonies. Through its
stimulatory activities on osteoclasts, IL6 plays a role in the
pathogenesis of bone loss. Osteoclasts are activated through
binding of the nuclear factor kappa B (NF-κB) ligand
(RANKL) and macrophage colony-stimulating factor
(M-CSF) to the RANK receptor [23]. Estrogen deficiency
results in increased bone loss that may be mediated through
the expression of bone cytokines which stimulate bone
resorption including IL1, IL6, tumor necrosis factor alpha,
and M-CSF, subsequently resulting in increased osteoclast
formation and differentiation [24]. Table 7 summarizes the
association studies previously performed between BMD
and IL6.

The A1 genotype at the IL6 locus has 18 CA repeats and
is associated with a lower radial BMD in postmenopausal

Genotype Controls (N=293) Cases (N=309) Odds ratio (95% CI)

Ever smokers (N) 117 92

CC 100 (85.5%) 75 (81.5%) 1.00

CT 17 (14.5%) 17 (18.5%) 2.78 (1.10, 7.03)*

Nonsmokers (N) 176 217

CC 143 (81.3%) 176 (81.1%) 1.00

CT 33 (18.8%) 41 (18.9%) 0.99 (0.52, 1.88)

Table 5 Association of LRP5
C135242T SNP adjusting for
age and BMI stratified by
smoking status

*p=0.031

Genotype rs1800796 (IL6—634G>C) Controls (N=293) Cases (N=309) Odds ratio (95% CI)

GG 265 (90.4%) 266 (86.1%) 1.00

CG 24 (8.2%) 43 (13.9%) 3.35 (1.71, 6.60)*

CC 4 (1.4%) 0 (0%) N/A

CC+CG 2.51 (1.33, 4.75)**

Table 4 Logistic regression
analysis for IL6 adjusting for
age, BMI, and smoking

*p=0.0004; **p=0.0047
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Japanese women [25]. Further, IL6 epistasis was observed
between COL1A1 and IL6 with variation in bone density in
a cohort of Japanese individuals [26]. In our study, the
occurrence of a C allele in rs1800796 SNP of the IL6 gene
was associated with a significantly increased OR of 2.51 for
osteoporosis, providing further evidence for an association
between the IL6 locus and osteoporosis. No gene–gene
interaction was observed in our study population between
COL1A1, VDR, ESR, TGF-β, and LRP5. Our findings
replicate those of Ota et al. [17] and other investigators
[27–29] who studied Asian populations, except the “C”
allele was associated with osteoporosis in our study, while
the “G” allele was associated with osteoporosis in the Ota
study. This suggests that the causative variant may be on a
different haplotype background in these two populations.
One possible mode of action for the −634 G>C
(rs1800796) allele could be to modulate IL6 levels, which
can then regulate osteoclast production. The function of this
allele could vary across populations and especially across
races or ethnicities. Functional assays utilizing both alleles
could provide evidence to support this hypothesis.

The strength of our study lies in the phenotypic precision
for cases and controls. Careful attention was paid to
selection of controls who had no estrogen exposures for a
period of at least 2 years. The large majority of DXA scans
were performed at Marshfield Clinic by ISCD-certified
study coinvestigators or were verified when obtained from
regional clinic centers serving the MESA population. The
electronic medical record facilitated capture of all DXA
data for cases and controls.

Limitations of our study include limitations inherent in
the use of DXA as a measure of osteoporosis. Given the
difficulty of capturing fracture data and classification of
low- vs. high-energy fracture, DXA analysis represents a
quantitative but limited measure of skeletal fragility in
humans. There were also significant differences in age
between controls and cases (61.6 vs. 70.4 years) and data
were adjusted for age during statistical analysis. It is
intriguing to speculate that “CC” homozygotes in our
population have the highest susceptibility for osteoporosis
and that both our results and those of Ferrari et al. [30]
indicate a possible age effect relative to IL6 polymor-
phisms. Our study was performed using a single IL6 allele.
Haplotype analysis would likely provide more robust
information. While not within the scope this study, further
investigation will pursue validation of these postulations in
the future

The potential applicability of these data and other prior
associations proposed for different genes remains uncertain.
In a genome-wide association study involving 5,861
Icelandic subjects and 301,019 SNPs, five genomic regions
of significance were identified including receptor activator
of nuclear factor kappa B ligand gene, RANKL (13q14),

osteoprotegerin gene (8q24), ESR 1 (6q25), and a region on
1p36 and 6p21 [31]. Collective evidence in the literature
supports the hypothesis that the development of osteoporo-
sis is a common end point which can be mediated through a
variety of genetically and/or environmentally mediated
pathways. While these variants are not useful in the
prediction of fracture risk in a given individual, they may
provide insights into the biochemical pathways associated
with osteoporosis development and consequently inform
design of therapeutic strategies for affected patients.

In addition to playing a major regulatory role in immune
response and hematopoiesis, the cytokine IL6 and its
receptor stimulate osteoclast development. Loss of gonadal
function is associated with an increase in IL6 as well as
other cytokines and is postulated to result in osteoclast
stimulation and subsequent bone loss [32]. The A1
genotype at the IL6 locus has 18 CA repeats and is
associated with a lower radial BMD in postmenopausal
Japanese women [25]. Similar observations were made in a
study by Murray [33]. Multiple investigations in different
populations have demonstrated association between IL6
polymorphisms and BMD (Table 7).

Statins are used to lower low-density lipoprotein
concentrations and act mainly through the inhibition of 3-
hydroxy-3-methylglutaryl coenzyme A reductase [34].
Statins stimulated bone formation in vitro and resulted in
expression of the bone morphogenic protein-2 gene in bone
cells [35]. Conflicting results exist relative to the associa-
tion of fracture risk with statin usage. Several studies have
documented a decrease in fracture risk related to statin use
[36, 37] while another study showed a similar rate of hip
fracture among subjects taking statins compared to those on
other lipid-lowering agents [38]. Although statin use did
not differ significantly between our cases and controls, in
our study, osteoporosis was defined by the BMD score≤2.5
standard deviations below the young adult mean as opposed
to fracture occurrence.

In conclusion, these results confirm a previously reported
association between the IL6 −634G>C (rs1800796) C in the
promoter region and decline in BMD levels [39]. A
previously undefined significant interaction between LRP5
C135242T (rs4988321) and smoking was observed. Future
studies will focus on functional analysis and replication of
environmental effects in different populations in addition to
studying TPH alleles and their association with osteoporo-
sis. Recognition of gene–environment associations are
important in the implementation of preventive strategies
for osteoporosis and permit targeted education of geneti-
cally susceptible individuals in order to reduce risks
through lifestyle modification.
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