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ABSTRACT

Objective: The study aimed to assess the association between the A1298C polymorphism of the methylenetetrahydrofolate reductase (MTHFR) gene 
and risk to osteoporosis in post-menopausal Indonesian women.

Methods: After ethical approval, calcaneus bone mineral density (BMD) (T-scoring) was assessed from 194 consenting post-menopausal Indonesian 
women by dual-energy X-ray absorptiometry, and DNA of the participants was isolated from peripheral blood samples. To determine the status of 
A1298C polymorphism of MTHFR, isolated DNA was polymerase chain reaction (PCR) amplified in 35 cycles, to result in PCR product sizes of 302 bp 
(1298A) and 275 bp (1298C). For fragment detection, the PCR product was subjected to electrophoresis on agarose gel. The results were statistically 
assessed for genotype and allotype comparison according to the T-score grouping by Chi-square analysis, assuming statistical significance at p<0.05.

Results: The results show no significant association between the T-score (BMD) grouping and genotype (or allotype) of the tested polymorphism of 
MTHFR. The observed genotype distribution of the tested MTHFR polymorphism (A1298C) differs clearly from those previously reported, with AC as 
the dominant genotype in the Indonesian sample population of the present work.

Conclusion: The MTHFR (A1298C) polymorphism is relatively infrequent in the Indonesian female population, and no significant association was 
observed between this polymorphism, bone mineral density, and osteoporotic status.

Keywords: Menopause, Osteoporosis, Methylenetetrahydrofolate reductase, Polymorphism, Bone mineral density.

INTRODUCTION

Permanently reduced or lost post-menopausal ovarian activity and 
provision of the estrogen hormone will lead in the long run to faster 
rate of bone resorption than formation and thereby increasing risk 
to osteoporosis [1,2]. This metabolic bone disease is marked by 
reduced bone mineral density (BMD) and increasing microstructural 
deterioration and fragility of the bone. The incidence of osteoporosis 
increases with age and time after menopause and at a typical level of 
about 15-40% is a major hazard for aging post-menopausal women 
practically everywhere in the world [3-5]. While both environmental 
and inherited factors affect bone strength, twin and family studies 
suggest that genetic factors account for more than half of the variance 
in BMD [5]. The variation implies corresponding shifts in the network 
of regulatory genes that are involved in the balance between the 
osteoblastic bone formation and osteoclastic bone resorption and 
associated pathological conditions.

The methylenetetrahydrofolate reductase (MTHFR) gene localized at 
1p36.3 encodes for an enzyme that catalyzes the irreversible reduction 
of 5,10-methylenetetrahydrofolate to 5-methyltetrahydrofolate, 
a substrate for homocysteine remethylation to methionine. The 
involvement in homocysteine metabolism is thought to explain 
the adverse health impact of reduced enzyme activity by MTHFR 
polymorphisms [6]. The plasma homocysteine levels are affected by 
menopause, and for example, the C677T (rs1801133) polymorphism of 
MTHFR has been associated with increased skeletal fracture risk in post-
menopausal women although not without some controversy [6,7]. It is 

therefore conceivable that other polymorphisms of this gene may carry 
an impact on the post-menopausal bone health. In particular, the other 
relatively common polymorphism A1298C (rs1801131) of MTHFR 
is known to result in the replacement of Glu-429 by alanine, reduced 
MTHFR activity but no or only mild hyperhomocysteinemia [8,9]. The 
present work aims to clarify the relationship of A1298C polymorphism 
of MTHFR in post-menopausal Indonesian women and their risk to 
develop osteoporosis.

METHODS

In total, 194 consenting post-menopausal Indonesian women were 
included in the study. T-scoring by dual-energy X-ray absorptiometry 
(DXA) was used to characterize the calcaneus bone mineral density 
(BMD) of the participants. A  T-score <−2.5 was taken to indicate 
osteoporosis, −2.5≤ T-score <−1 osteopenia, and T-score ≥−1 normal 
(healthy) level of BMD.

With these criteria, 72  (69 after dropouts during the genetic study) 
participants were included into the osteoporosis group, 59  (58) into 
the osteopenia group, and 63 (60) into the group of normal (healthy) 
participants. The study and applied methods were approved by the 
Ethical Committee of the University of Indonesia.

For DNA isolation, 3  mL of peripheral blood was collected from 
each participant and inserted into a tube (15  mL) containing red 
blood cell lysis solution (1.45 M NH4Cl, 5 mM anhydrous EDTA, and 
0.1 M KHCO3). The tube was repeatedly inverted and then incubated 
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at room temperature for 10  minutes and centrifuged at 1500  rpm 
for 10  minutes. The supernatant was discarded, leaving a deposit of 
mononuclear leukocytes. To this deposit, a cell lysis solution was added 
(10 mm Tris-HCL, pH 8.0, 0.5 mM EDTA, and 0.5% SDS) and mixed by 
pipetting until homogeneous and incubated in water bath at 37°C for 
30-60 minutes. Then, 1.3 mL of a protein precipitation solution (5 mM 
ammonium acetate) was added, and the resulting product was vortexed 
for 15-20  seconds and centrifuged at 3000  rpm for 15  minutes at 
4°C. The supernatant was poured into a new Falcon tube containing 
cold isopropanol. The tube was inverted 20-30  times until the DNA 
precipitated as a collection of threads. The sample was then centrifuged 
at 3000  rpm for 5  minutes at 4°C. Supernatant was discarded, 70% 
ethanol was added to the pellet, and the mixture was centrifuged at 
3000  rpm for 5  minutes at 4°C. Supernatant was discarded and the 
DNA was dried in open air by reversing the tube for more than 2 hrs. 
DNA was rehydrated with a solution of 200-300  mL TE (Tris-HCL 
EDTA) and incubated in water bath at 37°C for 2 hrs. The DNA solution 
was transferred to 1.5 mL sterile microcentrifuge tubes and stored at 
−20°C [10,11].

To determine the MTHFR polymorphism of A1298C loci, isolated DNA 
was amplified by polymerase chain reaction (PCR) mutation-selective 
method using two pairs of primers, forward primer CAAGGAGGAG 
CTGCTGAAGA TGTGGGGCCA GGAGCTGACC AGTGTAGA to detect 1298A 
and GGAGGAGCTG ACCAGTGATG C to detect 1298C. For both forward 
primers, the reverse pair was GACCCAGCCT GTCTTTGCCT. The PCR 
Kit KAPA2G Fast ReadyMix with dye was used. The solution included 
10 µL PCR Master Mix, 0.5 µL of 10 µM forward primer, and 0.5 µL of 
10 µM reverse primers, and then, up to 6 µL ddH2O was added. The 
whole volume 18 µL of each reagent is composed of genomic 1 µL 
DNA and 17 µL PCR mix. The DNA samples were amplified in 35 cycles 
including initial pre-denaturation at 95°C for 5 minutes, with the first 
cycle of denaturation at 95°C for 30  seconds, annealing at 63°C for 
30 seconds, elongation at 72°C for 30 seconds, and final cycle extension 
at 72°C for 5 minutes. The MC-PCR products of 302 bp and 275 bp in 
length indicated the 1298A and 1298C alleles, respectively.

For fragment detection, 5 µL of PCR product in each well was subjected 
to horizontal electrophoresis at 60 V for 90 minutes on 1.5% agarose gel 
(Amresco) containing 1 µL gel red (Biotium) in 1X TAE buffer solution 
(0.04 M Tris-acetate, 0.002 M EDTA, pH 8.0), using gel documentation 
for visualization and 50  bp DNA ladder (Fermentas) for reference. 
The results were subjected to statistical assessment of genotype and 
allotype comparison according to the T-score grouping by Chi-square 
analysis, assuming statistical significance at p<0.05.

RESULTS

The measured T-score is shown as a function of the time since 
menopause in Fig. 1, showing considerable scatter but a clear downward 
trend in the implied BMD. When grouped according to the interpreted 
scale from normal to osteoporosis, the corresponding increasing trend 
in the time since menopause is shown in Fig. 2. The results are shown 
in Table 1 as a comparison of genotypes (and allotypes) according to 
the mean T-score and grouping to normal participants and those with 
osteopenia or osteoporosis. The heterozygote AC genotype appeared 
as the dominant genotype, but the observed genotype is not in 
Hardy-Weinberg equilibrium (p<0.00001 in Chi-square testing).

DISCUSSION

As can be expected, the BMD (measured as T-scores of DXA) 
systematically decreases with the time after menopause. As also can be 
expected, a part of this is due to simultaneously increasing age of the 
participants (data not shown). Nevertheless, the scatter is large: While 
quite a few participants show osteoporotic T-scores only one year after 
menopause, there were also participants within the normal range of 
T-scores 20-25  years after the menopause (Fig.  1). The large scatter 
is also evident from Fig. 2, showing mean time (±standard deviation) 
after menopause for the participants ranked into groups of healthy 

participants and those with osteopenia and osteoporosis. Probably due 
to the scatter, the trend of decreasing mean T-scores from genotype AA 
through genotype  AC to genotype  CC (Table  1) is not statistically 
significant. When classed into groups of normal participants and those 
with osteopenia and osteoporosis, there is no comparable systematic 
trend in the genotypes, largely because of the low number of AA and 
CC genotypes particularly in the osteopenia group. However, in the 
allotypes, the trend seems to reappear: The A allele becomes slightly 
but systematically less frequent from the normal to the osteoporosis 
group (Table  1). Hence, while the results do not show a statistically 
significant association between the T-score (BMD) grouping and 
genotype (or allotype) of the tested A1298C polymorphism of MTHFR, 
the observed underlying trend may become statistically significant with 
larger test samples.

The results also suggest that if the apparent protective nature of 
the A allele is real, it must be relatively weak. One reason for the 
apparent weakness in the tested Indonesian female population 
could be a countering trend of the possible advantage from a 
single  C allele, demonstrated by the large fraction (>80%) of the AC 
genotype. However, the observed genotype distribution of the MTHFR 
polymorphism (A1298C) clearly differs from the distributions reported 
for other world populations [8,9,12-15]. While, in general, agreement 
regarding the low fraction of the CC genotype (Table 2), the observed 
genotype distribution is not consistent with the Hardy-Weinberg 
equilibrium. This is not the most common outcome in studies on the 
A1298C polymorphism but has been reported for both Asian and 
Caucasian populations [8,14,16]. In any case, assuming that the CC 
genotype would carry some particular health impact, the low fraction 
of CC genotype means that to show a significant effect requires testing 

Fig. 1: T-score as a function of time after menopause, with linear 
regression line to show trend in bone mass density

Fig. 2: Mean time after menopause for participants according to 
the T-score group
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of a sizeable sample population, and this aspect would be similar for 
most world populations.

It should also be noted that any genetic effect of the MTHFR 
polymorphisms is unlikely to appear in isolation or independently 
from other genetic and environmental effects. In the case of the present 
study, likely compounding effects may be suspected from the processes 
of homocysteine metabolism, including, for example, the intake of 
riboflavin and folate [12,13,17,18]. The environmental effects from, for 
example, nutrition, exposure to sunlight, and other aspects of lifestyle 
will remain important also independently of population- and individual-
specific genetic features [19,20]. Further work is suggested to clarify 
the interplay of the MTHFR polymorphisms and the environmental 
factors.

CONCLUSION

The results do not show a statistically significant association between 
the T-score (BMD) grouping and genotype (or allotype) of the tested 
A1298C polymorphism of MTHFR. The observed underlying trend may 
nevertheless become statistically significant with larger test samples.
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