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Objective: This study aimed to determine the association of a recent identified G2014A single nucleotide polymorphism (SNP)
genotype distribution in exon 8 of the estrogen receptor in postmenopausal Thai women.

Material and Method: A prospective study was conducted at Ramathibodi Hospital between July 2005 and July 2006.
Postmenopausal Thai women, aged more than 55 years and had sustained osteoporaotic hip fracture, were included. Exclusion
criteria were renal and metabolic bone diseases. Age, body mass index (BMI), blood tests for metabolic bone disease, and
G2014A SNP genotype, bone mineral density (BMD) were collected. The relationship between the degree of osteoporosis
(normal, osteopenia, and osteoporosis) and SNP genotype was analyzed by Fisher’s exact test.

Results: Sixty-five postmenopausal women with osteoporosis were included. The average age was 76.2+10.9 years old, and
the average BMI was 21.3+3.5 kg/m?. The data expressing the genotype distribution of gene G2014A SNP were G/G 23.1%,
G/A 29.2% and A/A 47.7%. There was no statistical difference between age and BMI in each genotype. Gene G2014A was
associated with osteoporosis of lumbar spine, femoral neck, ward triangle, and femoral neck.

Conclusion: It could be concluded that a G2014A SNP genotype in exon 8 of the estrogen receptor was associated with

postmenopausal women who had osteoporotic hip fracture.
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Osteoporotic hip fracture is one of
catastrophic incidences in elder population and
accounts for significant mobility and mortality®. It has
been reported that the estimated cumulative incidence
of hip fracture in Thai population is 181 per 100,000
populations® and the burden of the disease has
become a major concern for healthcare system in
Thailand. There are severe risk factors of the
osteoporotic fracture including smoking, taking steroid,
caffeine consumption or a metabolic condition, etc®.
One of those is a genetic factor. The first evidence of
heritability of osteoporosis was from the twin and family
studies demonstrated by Bone Mineral Density
(BMD)“9, However, there was no report on the specific
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gene involvement. Over the last decade, several
candidate genes, which might associate with
osteoporosis, were identified involving collagen type
1, alphal (COL1A1l), estrogen receptor alpha (ER-
alpha), lipoprotein receptor related protein 5 (LRP5),
bone morphogenesis proteins (BMPs), RUNX2 and
sclerostin (SOST)®.

In Thailand, it was found that the G2014A
polymorphism in the estrogen receptor alpha (ER-alpha)
gene was related to the presence of osteoporosis®”
and it was also demonstrated as the tool for prediction
of osteoporosis®. However, this polymorphism has
not been studied in a specific group of osteoporotic
hip fracture, which is an adverse consequence of
osteoporosis condition. Thus, the purposes of this
study are to demonstrate the genotype of the G2014A
polymorphism in the estrogen receptor alpha (ER-alpha)
gene and to determine the association between BMD
and this polymorphism in Thai patients who had been
suffering from osteoporotic hip fracture.
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Material and Method

Sixty-six postmenopausal women who were
at least 55 years old with osteoporaotic hip fracture were
enrolled in this study. The subjects underwent hip
surgery during July 2005-July 2006 at the Department
of Orthopedics, Ramathibodi Hospital, Bangkok,
Thailand. Prior to the recruitment, the patients were
informed, and the consent was obtained. This study
was approved by the Ethics Committee of the Faculty
of Medicine, Ramathibodi Hospital, Mahidol University,
Bangkok, Thailand. The subjects who had secondary
causes of osteoporosis including glucocorticoid
excess, hyperthyroidism, hyperparathyroidism and a
metastasis bone tumor were excluded. In addition, all
were non-smokers, non-alcoholic consumers and did
not take estrogen or other antiresorptive agents. Before
conducting the study, signed informed consent was
submitted. The baseline data of the patients were
reviewed and blood tests were taken for evaluation of
possible causes of secondary osteoporosis including
CBC, electrolytes, creatinine, calcium, TSH and free
T4.10 ml peripheral blood sample, which was collected
from the patients using ethylenediaminetetraacetic
acid as an anticoagulant and processed for SNP
analysis. Genomic DNA of the patients was extracted
from peripheral leukocytes. The technique used in
this study was reported in a previous study by
Ongphiphadhanakul et al®. In brief, DNA segment
containing the G2014A SNP site was amplified by
polymerase chain reaction (PCR) with the following
primers: forward, 5’-GACGGACCAAAGCCACTTGG;
reverse, 5’-CGTG TGGGAGCCAGGGAGCT. The
final reaction contained 0.5 mg DNA, 1 unit of Taq
polymerase, 10 mM TrisHCI, pH 8.3, 50 mM KCI, 2 mM
MgCl,. The reaction was run for 30 cycles with
denaturation at 95°C for 30s, annealing at 67°C for 60s
and extension at 72°C for 60s. The 124 base-pair (bp)
DNA fragments were then subjected to digestion with
Btgl restriction endonuclease. The genotypes were thus
identified as AA, GA and GG. Bone mineral density
(BMD) was measured by dual energy x-ray absorp-

tiometry (DXA; Lunar Expert XL, Lunar, Madison WI)
in which calibration and quality control were done
routinely according to the manufacturer’s recom-
mendation. BMD at the anteroposterior lumbar spine
(L2-L4) and contralateral hip were measured in each
subject. The subjects were classified: normal (BMD, T-
score >1.0), osteopenia (BMD, T-score between 1.0 and
-2.5) and osteoporosis (BMD, T-score <-2.5).

Statistical analysis

The baseline characteristics were described
as the mean for continuous data and percentage for
categorical data. The difference in genotype distribution
and BMD was assessed by Fisher’s extract test.
Analysis of variance (ANOVA) was used to determine
the association of clinical parameters and genotype.
All statistical analysis was performed by using the
STATA 9.0 programme (STATA Corp, Texas, and
USA). A p-value <0.05 was considered to be of
statistical significance.

Sample size estimation

Sample size was calculated by using Power
and Sample Size Program (version 3.02, Vanderbilt)
based on alpha error 0.05, power of the study 0.8, A2014
allele frequency in the normal group 0.15, A2014 allele
frequency in the osteoporosis group 0.6, the sample
size was 17 cases per group.

Results

Sixty-five patients were included in the study.
One patient was excluded due to renal insufficiency.
The distribution of the genotype in G2014A SNP and
the baseline characteristics of the patients are shown
in Table 1. The percentages of AA, AG and GG were
47.4(n=31),29.2 (n=19) and 23.1 (n = 15), respectively.
Calculated allele frequency for Awas 73.97% and for G
was 26.03%. There was no significant difference in
the average age of patients and BMI among these three
genotypes or between alleles.

There was significant difference in the BMD

Table 1. The distribution between genotypes and demographic data

Factors AA (n=31) AG (n=19) GG (n=15) p-value
Age (year), mean (SD) 76.5+11.9 76.3+10.8 75.9+9.6 0.9863
Weight (kg), mean (SD) 46.9+8.9 49.5+11.3 52.4+8.0 0.1831
Height (cm), mean (SD) 150.4+8.4 150.0+5.7 154.3+6.7 0.1738
BMI (kg/m?), mean (SD) 20.6+2.9 21.8+4.1 22.0+3.5 0.3310
J Med Assoc Thai Vol. 98 Suppl. 8 2015 S83



from lumbar (average) and hip (femoral neck, ward and
intertrochanteric area) of the patients with AA, AG and
GG. The genotype was statistically associated with
osteoporotic status of subjects (T-score >1.0 as normal,
T-score between 1.0 and -2.5 as osteopenia and, T-
score <-2.5 as osteoporosis) (p<0.05). The distribution
of the genotype and the BMD in the particular area
was demonstrated in Table 2. However, the majority of
patients with osteoporotic hip fracture in this study
presented with their BMD by T-score >-2.5, which could
not be diagnosed with osteoporosis by using BMD
only.

Discussion

It has been reported that several genes are
associated with BMD and osteoporosis in several
cohorts®”*1), These evidences represent the role of

genetic factor in osteoporosis. This study demon-
strated the genetic distribution of G2014A SNP in Thai
postmenopausal women having osteoporotic hip
fracture, which was strongly, represented phenotype
of osteoporosis. It has been reported in some previous
studies*219 that this polymorphism is actually
associated with the osteoporosis diagnosed by using
BMD. This study revealed that the allele A frequency
was common in the population. The finding was
different from previous research® reporting about Thai
postmenopausal osteoporosis shown in Table 3. The
allele A in G2014A was a common genotype in the
osteoporaotic fracture of hip. According to this study’s
results, it may be postulated that this allele could
represent a susceptibility to osteoporaotic hip fracture.
In addition, the association between BMD and the
polymorphism was found to be statistical significant.

Table 2. The association between genotypes and BMD in each regions

BMD Genotype (%) p-value
AA (n=31) AG (n=19) GG (n = 15)

Lumbar 0.003
Normal 21(67.7) 11 (57.9) 4(26.7)
Osteopenia 7 (22.6) 1(5.3) 2 (13.3)
Osteoporosis 3(9.7) 7 (36.8) 9 (60)

Femoral neck 0.015
Normal 17 (58.8) 8 (42.1) 1 (6.6)
Osteopenia 4(12.9) 4(21.1) 7 (46.7)
Osteoporosis 10 (32.3) 7 (36.8) 7 (46.7)

Ward 0.002
Normal 16 (51.6) 7(36.8) 0
Osteopenia 3(9.7) 2 (10.5) 1(6.7)
Osteoporosis 12 (38.7) 10 (52.6) 14 (93.3)

Intertrochanter 0.009
Normal 18 (58.1) 9 (47.3) 1(6.7)
Osteopenia 5(16.1) 6 (31.6) 6 (40)
Osteoporosis 8 (25.8) 4(21.1) 8 (53.3)

Table 3. Genotype distributions based on the G2014A SNP in Osteoporotic hip fracture, osteoporotic and non-osteoporotic

subjects

Osteoporosis hip

Osteoporosis by Non-osteoporosis (%)*

fracture (%) BMD (%)*
G/G 23.1 54.7 713
G/A 29.2 37.7 27.0
A/A 47.7 7.5 1.6
A2014 allele frequency 62.3 26.4 15.2
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From the findings, the study suggested the importance
of the polymorphism as the hereditary risk factor of
osteoporosis in Thai population.

Estrogen deficiency has been reported to be
associated with the postmenopausal osteoporosis®®.
The estrogen receptor alpha (ERc) is expressed in bone
cells and its function is the importance regulator in
osteogenesis pathway. Although G2014A SNP in
the human gene is located on the exon region of
chromosome 6p25.1, it may contribute via the epigenetic
level for the efficiency of translation or receptor protein
expression®, It may be a potential susceptibility to
determine risk of osteoporosis fracture when combining
with others environmental factors or other surrogate
parameters.

BMD has been used as one of the parameters
including in the Fracture Risk Assessment Tool (FRAX)
to determine the possibility of a ten-year risk in
osteoporosis fracture®®, However, in this study, the
majority of patients who had osteoporotic hip fracture
had normal BMD. The results of this study suggested
that it may still be controversial to consider BMD as
one standard parameter to predict the osteoporotic hip
fracture. Therefore, other risk factors should be
concerned and included when prescribing osteoporotic
drugs. It is believed that the low calcium intake,
lifestyle habits, smoking, poor diet such as tea or
coffee are considered as risk factors of osteoporosis.
In addition, frequent uses of certain medications
such as thyroid, lithium, furosemide, steroid and
chemotherapy may cause and increase the risk of
osteoporosis. The previous osteoporotic fracture is
also included as a substantial risk for osteoporosis.
With respect to heredity, family history has also been
used in FRAX. This supports the important role of
hereditary risk in osteoporosis. However, the genetic
risk should be more specific. According to the study
findings, the ESRo. polymorphism may be a potential
candidate genetic as a marker in osteoporotic hip
fracture.

Several limitations in this study could be
addressed. Despite assessing 65 individuals, it might
be considered that this investigation was relatively
small. However, the population was diagnosed with
osteoporosis by using definite phenotype of hip
fracture as eligible criteria. It was also found that more
than 50% of the patients presenting consideration of
osteoporotic status carried the polymorphism, which
suggested a strong clinical relevance of this particular
factor. The researchers of this study assumed that the
results could be generalized to the wider population;
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the primary limitation of this study was the potential
selection bias as the sample data were obtained from
the patients presenting to a single referral hospital.
This limitation is mitigated by the additional bone
marrow density measurement for not only lumbar, but
also hip region that we were able to perform with this
study design.

Conclusion and clinical significance

This study provides a strong evidence of the
hereditary risk factor in osteoporosis. The results
support the association of the genetic risk of G2014A
SNP in Thai postmenopausal women and osteoporosis
hip fracture. Further investigation should be conducted
in larger sample size with multicentre collaboration. The
defined polygenic risks or other polymorphisms should
be included to determine or predict a fracture risk of
0steoporosis.
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