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Abstract

Summary This is the first study analyzing concomitantly
osteoprotegerin (OPG)/receptor activator of nuclear fac-
tor kappa B ligand (RANKL) polymorphisms and OPG/
RANKL serum levels and their association with bone
mineral density (BMD), vertebral fractures, and vascular
aortic calcification in a cohort of 800 subjects in
community-dwelling older individuals.

Introduction Osteoprotegerin (OPG) and RANKL play an
important role in osteoclast activation and differentiation
as well as in vascular calcification. At present, there are
no studies of OPG or RANKL gene polymorphisms in
Brazilian older populations. The aim of this study was
to evaluate OPG/RANKL polymorphism and their asso-
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ciation with vertebral fractures (VFs) and aortic
calcification.

Methods Eight hundred subjects (497 women/303 men) were
genotyped for the OPG 1181G>C (152073618), 163C>T
(rs3102735), 245T>G (rs3134069), and 209G>A (rs3134070)
and RANKL A>G (rs2277438) single-nucleotide polymor-
phisms (SNPs). VFs were evaluated by spine radiography
(Genant’s method). Aortic calcification was quantified using
Kauppila’s method.

Results The isolated genotype analyses and single-allele fre-
quency data showed association of OPG 163C, 245G, and
209A alleles with presence of VFs (P < 0.05). Multiple logis-
tic regression of subjects with absence of VFs vs. those with
VFs (grades IVIII) revealed only OPG 209A homozygosity
as a risk factor for higher-grade VFs (odds ratio (OR)=4.17,
95 % CI 1.03-16.93, P=0.046). Regarding aortic calcifica-
tion, the isolated genotype analysis frequency data revealed a
significant association of OPG 1181G, 163C, 245G, and
209A alleles with absent aortic calcification (P < 0.05).
Multiple logistic regression data confirmed that the OPG
209A allele was protective for aortic calcification
(OR=0.63, 95 % CI 0.45-0.88, P=0.007) and the OPG
1181C allele was a risk factor for aortic calcification
(OR=1.26, 95 % CI 1.00-1.58, P=0.046).

Conclusion This study showed that the OPG 209AA ge-
notype was a risk factor for higher-grade VFs, the OPG
209A allele was protective for aortic calcification, and
the OPG 1181C was a risk factor for aortic calcification,
supporting the involvement of OPG polymorphisms in
the analyzed phenotypes and the concept that the related
pathogenesis is multifactorial.

Keywords Aortic calcification - Osteoprotegerin -
Polymorphism - RANKL - Vertebral fractures
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Introduction Methods
Osteoprotegerin (OPG) is a glycoprotein produced by osteo-  Subjects

blasts and a member of the tumor necrosis factor receptor
superfamily. With a key role in bone remodeling, OPG acts
as a soluble decoy receptor for the receptor activator of nuclear
factor kappa B ligand (RANKL), a protein expressed on the
osteoblast surface. OPG binding to RANKL blocks the inter-
action of the latter with the receptor activator of nuclear factor
kappa B (RANK) on the osteoclast membrane. This OPG-
RANKL interaction plays an antiresorptive role in bone [1];
it induces osteoclast apoptosis and inhibits osteoclast recruit-
ment and activation.

OPG has a key role in the pathogenesis of osteoporosis
[2—4], which is a complex bone disease with a strong genetic
component [5]. Several genes and their polymorphisms have
been associated with bone mineral density and osteoporosis,
including transforming growth factor bl (TGFB1) [6], vitamin
D receptor (VDR) [7], estrogen receptor (ESR) [8], collagen
type 1 alpha-1 (COLIAI) [9], and OPG [10-12]. OPG over-
expression in transgenic mice results in osteopetrosis, while
OPG knockout mice develop severe osteoporosis and arterial
calcification [13].

Vascular calcification of normal tissue was previously
recognized as a common component of atherosclerotic
lesions. Previous evidence suggests that calcification of
atherosclerotic arteries is an organized, regulated process
rather than just a passive phenomenon of aging [14].
Several factors related to bone and mineral formation
have been demonstrated within atherosclerotic plaques,
including osteocalcin, osteopontin, osteonectin, bone
morphogenetic proteins, and OPG [15, 16]. In addition,
epidemiological studies have linked bone metabolism to
aortic calcification [17, 18], including an analysis of a
Brazilian population [19].

Previous studies that evaluated the association between
OPG single-nucleotide polymorphisms (SNPs) and bone min-
eral density (BMD) displayed heterogeneous results that can
likely be explained by ethnic diversity [3, 4, 10, 12, 20-24].
Several studies have analyzed the potential association of the
1181G>C, 245T>G, 163C>T, and 209G>A SNPs with BMD,
osteoporosis, and fragility fractures [3, 12, 21, 24-30].
However, no published study has concurrently evaluated the
potential association of such SNPs with the risk of vertebral
fractures and aortic calcification, particularly in a
miscegenated population.

The aims of this study were to evaluate OPG/RANKL
gene polymorphisms (OPG SNPs 1181G>C, 245T>G,
163C>T, 209G>A; RANKL A>G) and OPG/RANKL se-
rum levels in a Brazilian community-dwelling older rep-
resentative population and to analyze their potential as-
sociation with the prevalence of vertebral fractures and
vascular aortic calcification.
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This study was based on data from the Sdo Paulo Ageing &
Health Study (SPAH). The survey was conducted on 65-year-
old and over individuals living in a community in the Butanta
district, located on the western zone of the city of Sao Paulo.
Full details regarding the study population, assessments, and
procedures have been previously reported [31]. Of the original
1020 participants, 205 (20 %) were excluded for the following
reasons: 50 were using treatment drugs or supplements that
affected bone metabolism (including bisphosphonates, vita-
min D, and calcium), 104 were using lipid-lowering drugs or
supplements, 18 had a past history of cancer (<5 years), 15
had primary hyperparathyroidism (serum calcium >10.5 mg/
dL and PTH >65 pg/mL), 12 were in stage 5 of chronic kidney
disease (estimated glomerular filtration rate (¢eGFR) <15 mL/
min), and 6 had rheumatoid arthritis. None of the individuals
included in our study presented with thyrotoxicosis based on
the TSH and T4L serum levels. Hormone replacement therapy
(HRT) and glucocorticoid (GC) used were not excluded.

Of the remaining 815 participants, 800 had DNA samples
collected (497 women and 303 men) and were included in the
genotype-based analyses.

This study was approved by the local ethics committee (no.
426/06), and all the participants provided written informed
consent.

Data collection and assessments

Each subject was interviewed by a physician and responded to
a standard questionnaire designed to gather information on
putative risk factors for osteoporosis or fractures, including
previous fragility fractures, family history of hip fractures,
current smoking habits, current alcohol use, current use of
glucocorticoids, daily calcium intake, history of falls during
the past year, level of physical activity, lifestyle [31], and
personal or family history of cardiovascular disease [19].

BMD measurement

Dual-energy X-ray absorptiometry (DXA) performed using a
Hologic 4500 Discovery densitometry device (Hologic Inc.
Bedford, MA, USA) was used to measure bone mineral den-
sity (BMD) at the following regions: lumbar spine, femoral
neck, and total hip. All BMD measurements were performed
by the same experienced technologist. Anatomically abnormal
vertebrac were excluded from analysis of lumbar spine if they
were clearly abnormal and not assessable within the resolution
of'the system or if there was more than a 1.0-T score difference
between the analyzed vertebrae and the adjacent one, as rec-
ommended by the International Society for Clinical
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Densitometry (ISCD) [32]. We calculated the least significant
change with 95 % confidence to be 0.033 g/cm? for AP spine,
0.047 g/cm2 for femoral neck, and 0.039 g/cm2 for total femur.

BMD characterization was performed in the older subjects
according to the WHO classification: normal, T-score >—1;
osteopenia, T-score <—1 and >—2.5; and osteoporosis, T-
score <—2.5 in the spine, femoral neck, or total hip sites [32].

Assessment of vertebral fracture

Standard lateral thoracic and lumbar spine radiographs were
taken using a 40-in tube-to-film distance centered at T7 and
L2. All images provided good visibility of all vertebrae from
T4 to L4, and vertebrae could be reliably identified. Two ex-
perienced readers concomitantly performed the identification
of vertebral fractures. Each of the T4-L4 vertebral images was
evaluated. The agreement rate between the readers, which was
established on a random subsample of 60 radiographs, was
96 % with a kappa coefficient of 0.82.

Vertebral fractures were classified using the Genant SQ
approach. Each identified fractured vertebra was graded based
on the Genant SQ scale, where mild (grade I) refers to a 20—
25 9% reduction of the anterior, middle, and/or posterior height;
moderate (grade II) refers to a 2640 % reduction in any
height; and severe (grade III) refers to a >40 % reduction in
any height [33].

Assessment of abdominal aortic calcification

The lateral lumbar spine radiographs were also used to quan-
tify aortic calcification. Briefly, the index of abdominal aortic
calcium deposit grades the severity of aortic calcification at
the level of the first to the fourth lumbar vertebrae. Calcific
deposits were considered present if the densities were visible
in an area that was parallel to the lumbar spine and anterior to
the lower part of the spine. These calcific densities were
graded on a 0 to 3 scale at each lumbar vertebral segment: 0
denoted no aortic calcific deposits; 1 indicated small, scattered
calcific deposits that occupied less than one third of the lon-
gitudinal wall of the aorta; 2 denoted that one to two thirds of
the longitudinal aortic wall was calcified; and 3 indicated that
two thirds or more of the aortic longitudinal wall was calci-
fied. Separate scores were determined for the anterior and
posterior walls of the aorta, and the values were summed
across the four vertebrae. This resulted in an abdominal aortic
calcium score (AACS) ranging from 0 to 24 [34]. The repro-
ducibility of AACS blind assessment was analyzed using the
Wilcoxon test for sum score as continuous and categorized
data. In both cases, the P values were >0.10 (P=0.129 for
the continuous data analysis and P =0.99 for the categorized
data analysis), confirming appropriate level of reproducibility.

Measurement of OPG and RANKL serum concentration

Blood samples were collected under fasting conditions
(between 8 and 10 a.m.) on the same day that the DXA and
abdominal X-rays were obtained, and the samples were stored
at =70 °C for later analysis.

The serum samples were analyzed using standard proce-
dures, as outlined by the manufacturers. Serum OPG and free
soluble RANKL (sRANKL) were measured using enzyme
immunoassays (human OPG ELISA and sRANKL ELISA,
Biomedica, Vienna, Austria) [35]. The detection limit
established by the manufacturer was 0.02 pmol/L for
SRANKL and 0.14 pmol/L for OPG. Thirty-seven percent
(288/767) of the samples analyzed for sSRANKL presented
SRANKL values zero. The inter-assay and intra-assay CVs
were 3.9 and 1.3 % for sSRANKL and 6.2 and 1.1 % for
OPG, respectively.

Genotyping

Genomic DNA was isolated from peripheral blood leukocytes
using the salting-out methodology [35], and it was stored at
=70 °C prior to analysis. The TagqMan allelic discrimination
method was employed for genotyping, using specific probes
labeled with VIC and FAM (Applied Biosystems, Foster City,
CA, USA).

The analyzed SNPs were chosen in relation to previous
data in the literature that suggested possible associations with
bone mass, fracture risk, and functional significance [3-6, 10,
12]. The chosen SNPs comprised 1181G>C (rs2073618), lo-
cated in exon 1 of OPG; 245T>G (rs3134069), 163C>T
(rs3102735) and 209G>A (1s3134070), located in the promot-
er of OPG (chromosomal location 8q24) [25, 36]; and
rs2277438, located in a 5’ untranslated region (UTR) of
RANKL (13q14) [36].

All SNPs were genotyped using commercial TagMan as-
says (OPG assay IDs: 1s2073618: C_1971047 _1; rs3134069:
C 27464534 10; rs3102735: C_ 1971046 10; rs3134070:
C 27466052 10 and RANKL assay ID. rs2277438:
C_ 25473654 10) with TagMan Genotyping Master Mix and
were measured using a StepOne plus detection system
(Applied Biosystems). Cycling conditions consisted of a de-
naturation step at 95 °C for 10 min followed by 40 cycles of
denaturation at 92 °C for 15 s and annealing for 1 min at
60 °C.

To assess the genotyping quality, the SNPs were analyzed
twice in 5 % of the all samples, yielding a 98 % concordance.

Statistical analysis
Allele frequencies were estimated using the gene counting

method, and departures from the Hardy—Weinberg equilibri-
um were tested using a y* test. The Kolmogorov—Smirnov
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normality test was applied for continuous and semi-
continuous variables. Data with normal distributions are
expressed as the mean + standard deviation and were com-
pared using the independent Student’s 7 test, with Welch’s
adjustment when required. Non-parametric variables were an-
alyzed by the Mann-Whitney’s test and are expressed as the
median and the 25 and 75 percentiles. Categorical variables
are expressed as absolute (n) and relative (%) frequencies
and were analyzed using the Pearson’s chi-squared test
and a calculated crude odds ratio.

For the development of the logistic regression model, con-
tinuous variables were categorized according to the inflection
point on the receiver operating characteristic (ROC) curve and
categorical variables underwent a chi-squared test. The
variables with likelihood ratios associated with P <0.20
were chosen and introduced as candidates for the logistic
model and were adjusted through confusion co-variables.
The compartmental model was applied for major perfor-
mance of the logistic regression, with the variables
grouped by similarity.

The logistic regression models included calculations of cor-
responding crude and adjusted odds ratios (ORs) and 95 %
confidence intervals (CI).

Age was shown to affect the evaluated outcomes and
was included in the multiple regression analyses. On the
other hand, body mass index (BMI) and gender were
not associated with such outcomes (P>0.2), being not
included in those analyses. Moreover, gender- and age-
adjusted and non-adjusted analyses performed for the
SNPs found to be associated with vertebral fractures
and aortic calcification (OPG 209G>A and 1181G>C)
led to regression models that yielded similar odds ratio
values. In this scenario, we decided to use the non-
adjusted analysis based on a higher P value in the
Hosmer—Lemeshow test (0.975 vs. 0.304).

Two-tailed P values <0.05 were considered significant.
Statistical analyses were carried out using SPSS for
Windows version 19.0 (Chicago, IL, USA).

Results

Allelic frequencies did not deviate from the Hardy—Weinberg
equilibrium. Linkage disequilibrium among OPG SNPs was
evaluated using Lewontin’s standardized coefficient, and no
significant disequilibrium was detected. The demographic,
anthropometric, and clinical data of the 800 subjects (497
women and 303 men) are shown in Table 1.

Only 1.38 % of the subjects included in the analyzed
population were using GC, and 21 women (2.62 % of
the sample) were taking HRT, not affecting the per-
formed analyses. Our study included 12.4 % of the in-
dividuals with vitamin D deficiency (<10 ng/mL) and
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55.6 % with <20 ng/mL. In both cases, vitamin D se-
rum levels were not significantly associated with verte-
bral fracture grade and aortic calcification.

Vertebral fractures and OPG and RANKL SNPs

The vertebral fractures were classified as grades I, II, and III
and analyzed according to SNP-based genotypes and alleles.
The groups (absence of vertebral fracture (VF), grade I VF,
and grades II/IIl VF) were gender balanced. Analysis of the
isolated genotypes and single-allele frequencies revealed as-
sociation between the 163C, 245G, and 209A alleles of OPG
and presence of vertebral fractures (P < 0.05) (Table 2). The
individual genotype analysis yielded no significant results for
the RANKL A>G SNP, but the allele evaluation showed a
significantly higher frequency of the G allele in patients with
no vertebral fractures (P=0.024) (Table 2).

Multiple logistic regression of subjects with absence of
VFs vs. those with VFs (grade II/III) revealed OPG 209A
homozygosity as a risk factor for VF grades II/III
(OR=4.17, 95 % CI 1.03—16.93, P=0.046) (Table 3). A
similar trend, though not significant, was also observed for
the 209GA genotype (P = 0.053), strengthening the risk factor
effect of the 209A allele. No difference was observed with
adjustment for age, gender, BMI, GC use, and HRT use
regarding vertebral fractures. Moreover, no significant dif-
ferences were observed with respect to eGFR and vertebral
fractures (absence of fracture plus eGFR >60 mL/min
78.2 % vs. absent of fracture plus eGFR <60 mL/min
80.9 %, P=0.433)

BMD WHO classification and OPG and RANKL SNPs

Among the evaluated SNP genotypes and alleles, only the
OPG 163T allele was associated with a lower frequency of
osteoporosis (P = 0.033) (data not shown). No significant dif-
ference in WHO classification was observed in composed
genotype analyses including the OPG SNPs 1181G>C,
163C>T, 245T>G, and 209G>A or the RANKL SNP A>G
(data not shown).

Abdominal aortic calcification and OPG and RANKL
SNPs

Abdominal aortic calcification was classified by absence
(AACS =0) or presence (AACS>0) of aortic calcification,
and the frequency of calcification was determined for each
of'the evaluated OPG and RANKL SNP genotypes and alleles.

Isolated genotype analysis frequency showed a significant
association of OPG 163C, 245G, and 209A alleles with absent
vascular aortic calcification, while the 1181C allele was found
to be associated with presence of aortic calcification (P < 0.05)
(Table 4). Multiple logistic regression data confirmed that the
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Table 1 Demographic,
anthropometric, and clinical data Total (n =800) Women (n=497) Men (n=303)
of all subjects
Age (years) 72.8 (4.9) 72 (7.0) 71 (6.0)
Race (%)
White 64.8 63.4 67.0
Non-White 324 33.6 304
Asian 2.9 3.0 2.6
Height (cm) 155.1 (9.0) 150.0 (9.0) 162.0 (10.5)
Weight (kg) 67.0 (13.0) 64 (19) 70 (18)
Body mass index (kg/mz) 27.9 (4.9) 28 (7) 27 (4)
Daily calcium intake (mg) 434 (307) 366 (349) 349 (266)
Low physical activity (%) 8.75 72 11.2
Current smoking (%) 12.0 10.3 14.2
Glucocorticoid current use (%) 1.38 14 1.3
Alcohol intake (>3U/day) (%) 337 0.2 8.6
Hormone replacement therapy (%) 2.62 42 0
Previous fragility fracture (%) 16.62 21.5 8.6
Family fragility fracture (%) 9.37 11.1 6.6
History of Falls (%) 33.25 36.6 27.7
Diabetes mellitus (%) 19.4 21.3 16.2
Arterial hypertension (%) 66.9 714 59.4
Cardiovascular (CV) event (%) 16.12 143 19.1
Family CV event (%) 24.25 41.2 33.0
Carotid artery disease (%) 03 0.7 0.0
Osteoporosis (%) 26 57.3 31.3
Osteopenia (%) 23.1 332 51.5
Vertebral fracture (X-ray) (%)
Absent 66.6 68.5 63.5
Grade [ 15.0 14.4 16.1
Grade II 14.8 13.6 16.7
Grade 111 3.6 35 3.7
Aortic calcification score, 7 48 (5.9) 5.3 (6.1) 4.0 (5.4)
OPG (pmol/L) 8.0 (4.3) 8.1 (4.5) 7.9 (4.1)
sRANKL (pmol/L) 0.4 (0.6) 0.4 (0.6) 0.3 (0.5)

The values are expressed as the mean (SD), percentage (%), or median (interquartile range (IQR))

OPG 209A allele was protective for aortic calcification
(OR=0.63, 95 % C1 0.45-0.88, P=0.007) and OPG 1181C
allele was a risk factor for aortic calcification (OR =1.26,
95 % CI 1.00-1.58, P=0.046) (Table 5(A)). The observation
that the 209GA genotype is protective for aortic calcification
(OR=0.18, 95 % CI 0.05-0.70, P=0.013; Table 5(B))
strengthens the 209A allele effect. Since the protective effect
is also expected for the 209 AA genotype and a non-significant
trend for protection was indeed detected (OR =0.29, 95 % CI
0.07-1.14, P=0.076; Table 5(B)), this lack of significance
likely occurred due to the low number of individuals present
in this genotype group. Pearson’s chi-squared analyses sup-
ported this interpretation and corroborated the mentioned find-
ings, revealing that the 209AA and 1181GG genotypes were
associated with absence of aortic calcification (Table 4).

No difference was observed with adjustment for age, gen-
der, BMI, GC use, and HRT use regarding vascular aortic
calcification. Moreover, no significant differences were ob-
served with respect to eGFR and aortic calcification (no aortic
calcification plus eGFR >60 mL/min 37.4 % vs. no aortic
calcification plus eGFR <60 mL/min 31.2 %; P=0.097)

OPG and RANKL serum concentration vs. vertebral
fractures, aortic calcification, and OPG and RANKL SNPs

The OPG and RANKL serum concentrations were determined
in all of the evaluated subjects. Using a ROC curve approach,
the OPG serum level was compared between patient groups
with the presence (grades I, II, or III) or absence of vertebral
fractures. Bivariated analyses using three different age ranges
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Table2 The frequency of gender, age distribution, and isolated genotypes with the OPG SNPs 1181G>C, 163C>T, 245T>G, and 209G>A and with
the RANKL SNP A>G in the patient groups with absence of vertebral fractures, grade I vertebral fractures, and grade II or III vertebral fractures
Absence of vertebral fractures Grade I vertebral fractures Grade I/ vertebral fractures P value
Gender
Female 345 (64.1 %) 69 (58.5 %) 83 (57.6 %) 0.245
Male 193 (35.9 %) 49 (41.5 %) 61 (42.4 %)
Age distribution
60-69 177 (32.9 %) 49 (41.5 %) 29 (20.1 %) <0.001
70-79 310 (57.6 %) 56 (47.5 %) 88 (61.1 %)
80-80 51(9.5 %) 13 (11.0 %) 27 (18.8 %)
1181G>C (152073618)
GG 207 (38.9 %) 42 (35.6 %) 61 (42.7 %) 0.661
GC 247 (46.4 %) 57 (48.3 %) 62 (43.4 %)
CcC 78 (14.7 %) 19 (16.1 %) 20 (14.0 %)
G allele 661 (62.1 %) 141 (59.7 %) 184 (64.3 %) 0.658
C allele 403 (37.9 %) 95 (40.3 %) 102 (35.7 %)
163C>T (1s3102735)
TT 382 (71.3 %) 77 (65.3 %) 92 (63.9 %) 0.029
CT 138 (25.7 %) 34 (28.8 %) 44 (30.6 %)
cC 16 (3 %) 7 (5.9 %) 8 (5.6 %)
T allele 902 (84.1 %) 188 (79.7 %) 228 (79.2 %) 0.025
C allele 170 (15.9 %) 48 (20.3 %) 60 (20.8 %)
245T>G (rs3134069)
TT 442 (82.5 %) 99 (83.9 %) 105 (73.9 %) 0.023
TG 89 (16.6 %) 17 (14.4 %) 33 (23.2 %)
GG 5(0.9 %) 2 (1.7 %) 4 (2.8 %)
T allele 973 (90.8 %) 215 (91.1 %) 243 (85.6 %) 0.021
G allele 99 (9.2 %) 21 (8.9 %) 41 (14.4 %)
209G>A (1s3134069)
GG 446 (82.9 %) 94 (79.7 %) 107 (74.3 %) 0.008
GA 88 (16.4 %) 21 (17.8 %) 33 (22.9 %)
AA 4 (0.7 %) 3(2.5%) 4 (2.8 %)
G allele 980 (91.1 %) 209 (88.6 %) 247 (85.8 %) 0.007
A allele 96 (8.9 %) 27 (11.4 %) 41 (14.2 %)
RANKL (rs2277438)
AA 325 (60.7 %) 78 (66.1 %) 94 (65.3 %) 0.371
AG 179 (33.5 %) 35(29.7 %) 44 (30.6 %)
GG 31 (5.8 %) 5(4.2 %) 6 (4.2 %)
A allele 681 (63.6 %) 161 (68.2 %) 194 (67.4 %) 0.024
G allele 389 (36.4 %) 75 (31.8 %) 94 (32.6 %)

The values are expressed as the number of subjects and the percentage (%)

(60—69, 70-79, 80—89 years old) revealed no significant dif-
ferences in OPG levels among the absence of VF, grade I VF,
and grade II/IIT VF groups; consequently, no adjustment for
age was made.

The analysis revealed that OPG concentration values
>9.7 ng/mL displayed greater accuracy to discriminate the
two groups. The frequency of subjects with OPG >9.7 was
significantly lower in subjects with absence of vertebral frac-
tures compared to those with grade I and grade II/III fractures
(15.1 vs. 25.2 % and 24.6 %, respectively, P =0.003).

@ Springer

A positive association was also found between OPG
>9.7 ng/mL and the OPG 163 CC/CT composed genotypes
(OR=1.24,95 % CI11.003-1.535, P=0.047). No association
was detected for the other evaluated SNPs, including
1181G>C SNP alleles and genotypes and OPG serum levels.

However, no significant difference in OPG serum con-
centration was observed between individuals with absence
or presence of aortic calcification (OPG >9.7 ng/mL, 15.5
vs. 19.1 %, P=0.231). Although a significant P value
(P<0.001) was observed between aortic calcification
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Table 3 Multiple logistic
regression genotype analysis of
subjects with absence of vertebral
fractures (VFs) vs. those with VFs

Pvalue OR 95 % CI for OR

Lower  Upper

of grade I and vs. those with VFs
of grade II or III applied for the
OPG 209G>A SNP

Vertebral fractures grade I vs. absence of vertebral fractures GG

GA  0.643 1.13  0.67 1.91
AA  0.100 356  0.78 16.16

Vertebral fracture grades II/III vs. absence of vertebral fractures GG

GA  0.053 1.56 099 2.46
AA  0.046 417 1.03 16.93

P <0.05. OPG 209GG was the reference genotype

CI confidence interval

score (AACS) and OPG serum levels, no significant corre-
lation was detected because lower linearity was below 0.2
(r=0.16). In addition, no association between RANKL
serum levels and vertebral fractures or aortic calcification
was detected (data not shown).

Discussion

The relationship between OPG gene polymorphisms and
BMD has been addressed in previous studies [4, 24-26, 28,
30, 37-39]. However, this study is the first to analyze potential
associations of such SNPs with BMD, osteoporosis, fractures,
and abdominal calcification.

Our isolated allele and genotype analyses showed associa-
tion between the 163C, 245G, and 209A alleles of OPG and
presence of vertebral fractures. Further logistic multivariate
analysis showed that 209A homozygosity is a risk factor for
vertebral fracture grades II and III in community-dwelling
older subjects. This SNP is positioned in the OPG promoter
region, which rules out its interference on the amino acid
sequence but opens the possibility of significant transcription
modulation.

Only few studies evaluated vertebral fractures and
209G>A OPG polymorphism [3, 40, 41]. Previous findings
in a Danish population showed that the OPG 163C and 245G
alleles were significantly more common in patients with ver-
tebral fractures [3]. Although this Danish study was a case—
control that compared patients from a reference hospital with a
history of fractures with healthy subjects with many con-
founding factors, such as bone-affecting medications, these
data were comparable to our results obtained with older
Brazilian subjects. Some studies found that the 209G>A
OPG polymorphism is in linkage disequilibrium with
245T>C OPG, an observation that may explain our findings.

In contrast, in a study of a Spanish population from
Barcelona, the risk of fractures was not associated with the
1181G>C and 245T>G OPG SNPs [42]. Surprisingly, in

community-dwelling White women from the USA, the OPG
1181CC genotype was associated with not only a higher BMD
but also an increased risk of hip fractures. The authors sug-
gested that different genetic factors contribute to trabecular
and cortical bone mass and risk for fractures, an interpretation
that could potentially explain the opposite findings for spine
and hip fractures [27].

The presence of a 163T OPG allele is a protective factor for
osteoporosis (BMD WHO classification). Similarly, in a
Danish population, Langdall et al. observed that the OPG
163C>T SNP significantly influenced BMD [3].
Additionally, in Asian populations, the OPG 163C>T SNP
was associated with BMD [24, 28, 43]. A recently published
meta-analysis of 14 studies investigated associations between
the seven most common OPG polymorphisms and osteoporo-
sis risk and showed that the 163C>T and 1181G>C OPG
SNPs were significantly associated with the risk of osteopo-
rosis [44]. This meta-analysis also suggested that the 163C
allele is associated with an increased risk of osteoporosis,
corroborating our findings.

Other relevant findings in our analysis were the asso-
ciation of OPG serum levels above 9.7 ng/mL with the
risk for vertebral fractures as well as between these
higher serum levels and the OPG 163 CC/CT composed
genotypes. Consistent with our data, Jergensen et al.
found an increase in height loss following an increase
in baseline OPG levels in males and females of a
Norwegian population. However, these authors did not
analyze any of the OPG polymorphisms [30]. Our obser-
vation that the OPG 163C allele was associated with
osteoporosis in the analyzed population suggests an in-
appropriate regulation of the RANKL/RANK/OPG sys-
tem, leading to increased bone resorption likely second-
ary to higher osteoclast activation. In this scenario, a
compensatory response is necessary to protect BMD in
patients at higher risk for osteoporosis, including eleva-
tion of OPG levels. It must be noted that the OPG
163C>T SNP is also located in the gene promoter region.
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Table 4 The frequency of
isolated and composed genotypes
with the OPG SNPs 1181G>C,
163C>T, 245T>G, and 209G>A

and with the RANKL SNP A>G in

the patient groups with absence
(AACS =0) or presence
(AACS >0) of abdominal
aortic calcification

Our data showed that two OPG polymorphisms are rele-
vant for the vascular phenotype: the 1181C allele constitutes a
risk factor for abdominal aortic calcification, whereas 209A

Table 5 Multiple logistic
regression analysis of subjects
with vascular aortic calcification
(AACS>0) vs. those with no
vascular calcification (AACS =0)
applied for the OPG 209G>A
and OPG 1181G>C alleles (A)
and for the OPG 209G>A
genotypes (B)

@ Springer

No vascular aortic calcification Vascular aortic calcification P value
1181G>C (1s2073618)
GG 121 (44.8 %) 178 (35.6 %) 0.007
GC 118 (43.7 %) 240 (48.0 %)
cc 31 (11.5 %) 82 (16.4 %)
GG vs. 118 (43.7 %) vs. 181 (36.3 %) vs. 0.044
cG/CcC 152 (56.3 %) 318 (63.7 %)
163C>T (1s3102735)
TT 170 (62.0 %) 363 (72.5 %) 0.006
CT 91 (33.2 %) 120 (24.0 %)
cc 13 (4.8 %) 18 (3.5 %)
TT vs. 170 (62 %) vs. 363 (72.5 %) vs. 0.186
CT/CC 104 (38 %) 138 (27.5 %)
245T>G (rs3134069)
TT 210 (76.9 %) 415 (83.0 %) 0.042
TG 58 (21.2 %) 79 (15.8 %)
GG 5(1.8 %) 6 (1.2 %)
TT vs. 216 (78.5 %) vs. 411 (82.5 %) vs. 0.180
TG/GG 59 (21.5 %) 87 (17.5 %)
209G>A (rs3134069)
GG 206 (74.9 %) 420 (83.7 %) 0.001
GA 61 (22.2 %) 79 (15.7 %)
AA 8 (2.9 %) 3 (0.6 %)
AAvs. 8 (2.9 %) vs. 3 (0.6 %) vs. 0.049
GA/GG 267 (97.1 %) 499 (99.4 %)
RANKL (rs2277438)
AA 174 (63.3 %) 306 (61.2 %) 0.312
AG 83 (30.2 %) 170 (34.0 %)
GG 18 (6.5 %) 24 (4.8 %)
AAvs. 174 (63.3 %) vs. 306 (61.2 %) vs. 0.589
AG/GG 101 (36.7 %) 194 (38.8 %)

The values are expressed as the number of subjects and the percentage (%)

has a protective influence on this phenotype. Interestingly, no
significant differences regarding aortic calcification and eGFR
were observed in our population (data not shown).

A)

Vascular aortic calcification vs. no vascular
aortic calcification

Vascular aortic calcification vs. no vascular
aortic calcification

®)

Aortic calcification vs. no aortic calcification

209G
209A
1181G
1181C

GG
GA
AA

P value

0.007

0.046

0.013
0.076

OR

0.63

1.26

0.18
0.29

95 % CI for OR

Lower Upper
0.45 0.88
1.00 1.58
0.05 0.70
0.07 1.14

(B) P<0.05. OPG 209GG was the reference genotype

CI confidence interval
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Despite the well-established association between vascular
calcification and bone metabolism, our study displayed some
divergent data. While the presence of the 209A OPG homo-
zygosity was found to be a risk factor for fracture, 209GA/AA
exhibited a protective profile for aortic calcification in our
community-dwelling subjects. Some confounding variables
could potentially explain these data. In fact, some of the
pathological factors underlying vascular calcification/
atherosclerosis seem to protect against osteoporosis, such
as high BMI, female gender, high alcohol intake, etc.

Some studies have reported a positive association between
the 1181C OPG allele and cardiovascular events [45, 46], but
BMD and fracture fragility were not analyzed in their popu-
lations. In contrast to our study, which revealed a protective
role of the OPG 209A allele toward the development of aortic
calcification, other authors found no association between the
OPG 209G> A polymorphism and cardiovascular disease
[46]. Therefore, additional studies are necessary to address
the biological effects of the alleles associated with the OPG
1181G>C and 209G> A SNPs, with emphasis on bone metab-
olism and related pathology. Analyses of associations between
other possible OPG genetic variants with BMD, fractures, or
aortic calcification may clarify the clinical data in ethnically
distinct populations and help to elucidate molecular mecha-
nisms underlying bone metabolism and the pathogenesis of
cardiovascular disease. Moreover, some discordant results in
the literature could be related to the complexity of the biology
encoded within this region of the genome

In contrast to other reports that analyzed ethnically
homogeneous populations, including White American,
Spanish, Danish, Italian, Korean, and Chinese [3, 12,
20, 24, 42], our study is original since it comprised a
large, well-characterized, and miscegenated older com-
munity, without any ethnic predominance. Another
strength of this analysis was the exclusion of patients
on drugs that affect bone metabolism and lipid profiles.
Additional relevant and confounding variables, such as
primary hyperparathyroidism, kidney failure, cancer, and
rheumatoid arthritis, were also excluded from our study.
The inclusion of patients with such chronic conditions
may have prevented the drawing of more definitive con-
clusions in previous reports [3, 47]. The concurrent
analysis of two chronic health conditions, namely oste-
oporosis and vascular calcification, which are anchored
on common underlying pathogenic factors, is one more
strength of our study [13, 48]. Given the potential role
of OPG in controlling bone remodeling [49] and aortic
calcification [50], this protein is a robust candidate for
modulating bone mass and influencing bone fractures
and aortic calcification.

While our study corroborates several results reported by
other investigators, it brings some distinct findings. These data
indicate that such genetic associations must be interpreted

with caution, particularly within the current setting of limited
biological information. The results provided by our and
others’ reports suggest a significant impact of ethnic back-
ground on such analyses, and the existence of a variety of
factors capable of influencing bone metabolism and related
medical complications.
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