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ABSTRACT. Numerous studies have evaluated the association 
between MTHFR C677T polymorphism and osteoporotic fracture 
risk in postmenopausal women. However, the results have been 
inconsistent. We performed a meta-analysis of the association 
between MTHFR C677T polymorphism and osteoporotic fracture 
risk in postmenopausal women. Only seven case-control studies were 
retrieved, with a total of 4258 patients and 3454 healthy controls. 
Meta-analysis results showed no significant association between 
MTHFR C677T polymorphism and osteoporotic fracture risk in 
postmenopausal women for all genetic models (for TT vs CC: OR = 
0.99, 95%CI = 0.72-1.39; for TT vs TC: OR = 1.02, 95%CI = 0.87-
1.20; for CC+TC vs TT: OR = 0.96, 95%CI = 0.71-1.28; for TT+TC 
vs CC: OR = 0.93, 95%CI = 0.84-1.03). In the subgroup analysis by 
ethnicity, the results also showed no significant association between 
MTHFR C677T polymorphism and susceptibility to osteoporotic 
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fracture in postmenopausal women in both Caucasian and Asian 
populations. In conclusion, this meta-analysis suggests that MTHFR 
C677T polymorphism may not be associated with susceptibility to 
osteoporotic fracture in postmenopausal women.
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INTRODUCTION

Osteoporosis is a common metabolic bone disorder characterized by reduced bone 
mass, increased skeletal fragility and microarchitectural deterioration, and eventually sus-
ceptibility to fractures, particularly of the spine, hip, wrist, humerus, and pelvis. Osteo-
porotic fracture is a major health care problem in the Western world. It is associated with 
impaired functioning, decreased quality of life, increased nursing home admission and in-
creased mortality (Pongchaiyakul et al., 2005). Melton (1997) reported that approximately 
30% of postmenopausal white women in the United States have osteoporosis, of whom 25% 
have a vertebral fracture, imposing a major economic burden on society. There are some 
factors that may potentially influence osteoporotic fracture: older age (>75 years), low heel 
quantitative ultrasound stiffness index (<78%), history of fracture, recent fall, and a failed 
chair test. In addition, genetic epidemiological studies of osteoporotic fractures have pro-
vided direct evidence supporting the concept that susceptibility to osteoporotic fractures is 
under genetic control, with estimated heritability ranging from 0.2 to 0.68 (Michaelsson et 
al., 2005).

Homocysteine is a naturally occurring amino acid found in blood plasma. It has been 
suggested that total blood homocysteine concentration is associated with the risk of ischemic 
heart disease and stroke. Recently, several studies have indicated that high homocysteine lev-
els are involved in the pathology of osteoporosis fractures (van Meurs et al., 2004; McLean et 
al., 2004). The underlying pathophysiological mechanism is not completely understood. A po-
tential mechanism is that homocysteine specifically interferes with the formation of collagen 
cross-links (Jackson, 1973). Collagen cross-links are important for the stability and strength 
of the collagen network, and interference in the formation of cross-links results in an altered 
bone matrix, which then results in fragile bone (Lubec et al., 1996).

5,10-methylenetetrahydrofolate reductase (MTHFR) catalyzes the reduction of 
5-methylenetetrahydrofolate to 5-methyltetrahydrofolate, the predominant circulatory form 
of folate and the methyl group donor required for the remethylation of homocysteine to 
methionine. Reduced MTHFR activity has been reported to lead to increased homocysteine 
levels (Frosst et al., 1995). One common allelic polymorphism (C677T) in the MTHFR gene 
has been shown to lead to reduced MTHFR activity and thereby increased risk of hyperho-
mocysteinemia. Several studies have shown that the MTHFR C677T polymorphism is asso-
ciated with elevated levels of circulating homocysteine. However, this specific association 
in postmenopausal women remains controversial. The aim of this meta-analysis was to in-
vestigate the association between MTHFR C677T polymorphism and osteoporotic fracture 
risk in postmenopausal women by conducting a meta-analysis from all eligible case-control 
studies published to date.
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MATERIAL AND METHODS

Selection of studies

The Google Scholar, PubMed, Cochrane Library and China National Knowledge 
Infrastructure database were searched for all articles on the association between C677T 
polymorphism and osteoporotic fracture risk in postmenopausal women without language 
restrictions (1990.1-2013.03), using the following key words: ‘MTHFR’, ‘C677T’, 
‘osteoporotic fracture’, ‘postmenopausal women’, and ‘gene polymorphism’. The reference 
lists of major textbooks, reviews, and included articles were identified through manual 
searches to find other potentially eligible studies.

Selection criteria

Studies were included in this meta-analysis if they met the following criteria: i) case-control 
studies that addressed osteoporotic fracture patients and healthy controls; ii) studies that evaluated 
the association between C677T polymorphism and osteoporotic fracture risk in postmenopausal 
women; iii) genotype frequencies of healthy controls were in Hardy-Weinberg equilibrium (HWE). 
Studies were excluded when: i) not case-control studies that evaluated the association between 
C677T polymorphism and osteoporotic fracture risk in postmenopausal women; ii) case reports, let-
ters, reviews, and editorial articles; iii) studies that were based on incomplete raw data and no usable 
data reported; iv) duplicate data were contained in the studies; v) healthy controls were not in HWE.

Data extraction

Using a standardized form, data from published studies were extracted independently 
by two reviewers (J.Z.G. and J.S.Z.) to acquire the necessary information. From each of the 
included articles, the following information was retrieved: first author, year of publication, area, 
ethnicity, number of cases and controls, genotypes for cases and controls, and evidence of HWE 
in controls. For conflicting evaluations, an agreement was reached following a discussion.

Statistical analysis

Meta-analysis was performed using the STATA package version 12.0 (Stata Corpora-
tion, College Station, TX, USA). We assessed HWE in the controls for each study using a 
chi-square test, and P < 0.05 was considered to be a significant disequilibrium. The strength 
of the associations between C677T polymorphism and susceptibility to osteoporotic fracture 
were estimated by odds ratio (OR) and 95% confidence interval (95%CI) under a homo-
zygote comparison (TT vs CC), a heterozygote comparison (TT vs TC), a dominant model 
(CC+TC vs TT), and a recessive mode (TT+TC vs CC) between groups. We quantified the 
effect of heterogeneity by the I2 test. I2 ranges between 0 and 100% and represents the pro-
portion of inter-study variability that can be attributed to heterogeneity rather than chance. 
I2 values of 25, 50 and 75% were defined as low, moderate and high estimates, respectively. 
When I2 >50% indicated heterogeneity across studies, the random effects model was used for 
meta-analysis, or the fixed effects model was used. Subgroup analysis was performed accord-
ing to ethnicity. The different ethnicities were categorized as Asians and Caucasians. Begg’s 
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funnel plot was used to assess publication bias (P < 0.05 was considered to be statistically 
significant). Sensitivity analysis was performed by altering the statistic models to ensure the 
stability of measuring results. All P values were two-sided.

RESULTS

Characteristics of studies

A total of 282 articles were achieved by literature search from Google Scholar, PubMed, 
Cochrane Library, and China National Knowledge Infrastructure database, using different combi-
nations of key terms. As shown in Figure 1, 12 eligible studies were retrieved for detailed evalu-
ation. We excluded five studies (one without full-text, one without sufficient genotype data for 
extraction, 2 meta-analyses and one review). Finally, a total of 7 case-control studies met our inclu-
sion criteria (Jorgensen et al., 2002; Abrahamsen et al., 2003; Li et al., 2004; Bathum et al., 2004; 
Golbahar et al., 2004; Hong et al., 2007; Yazdanpanah et al., 2008), including 4258 cases and 3454 
controls. Table 1 lists the characteristics of each study. There were four studies of Europeans and 
three of Asians. The genotype distributions in the controls of all studies were in agreement with 
Hardy-Weinberg equilibrium. The information from these 7 studies and the numbers of cases and 
controls with TT, TC and CC, genotypes reported in each study are all presented in Table 1.

Figure 1. Flow diagram of study searching and selection process.

Study included Year Area Race Cases/Controls Genotypes for cases Genotypes for controls HWE test

     TT TC CC TT TC CC

Jorgensen et al. 2002 Denmark Caucasian   115/258     2     46     67   25 123 110 0.26
Abrahamsen et al. 2003 Denmark Caucasian   473/869   43   205   225   74 359 436 0.99
Li et al. 2004 China Asian   161/86     8     53   100     5   32   49 0.94
Hong et al. 2007 China Asian   883/893 121   423   339 131   457 305 0.06
Yazdanpanah et al. 2008 Netherlands Caucasian 2390/552 249 1064  1077   64 247 241 0.95
Agueda et al. 2010 Spain Caucasian   144/627   28     66     50   92 314 221 0.25
Ning et al. 2012 China Asian     92/169   21     38     33   19   78   72 0.76

Table 1. Characteristics of the studies included for meta-analysis.
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Results of meta-analysis

The results of the overall meta-analysis did not suggest any associations between MTHFR 
C677T polymorphism and osteoporotic fracture susceptibility in postmenopausal women for all 
genetic models (Table 2 and Figure 2: for TT vs CC: OR = 0.99, 95%CI = 0.72-1.39, Pheterpgeneity 
= 0.01; for TT vs TC: OR = 1.02, 95%CI = 0.87-1.20, Pheterpgeneity = 0.07; for CC+TC vs TT: 
OR = 0.96, 95%CI = 0.71-1.28, Pheterpgeneity = 0.02; for TT+TC vs CC: OR = 0.93, 95%CI = 
0.84-1.03, Pheterpgeneity = 0.06). When stratified according to ethnicity, we detected no significant 
association in Caucasians (for TT vs CC: OR = 0.91, 95%CI = 0.58-1.45, Pheterpgeneity = 0.02; for 
TT vs TC: OR = 0.98, 95%CI = 0.67-1.42, Pheterpgeneity = 0.08; for CC+TC vs TT: OR = 0.90, 
95%CI = 0.57-1.42, Pheterpgeneity = 0.00; for TT+TC vs CC: OR = 0.91, 95%CI = 0.72-1.16, 
Pheterpgeneity = 0.04) and in Asians (for TT vs CC: OR = 1.16, 95%CI = 0.55-2.44, Pheterpgeneity 
= 0.03; for TT vs TC: OR = 1.27, 95%CI = 0.73-2.23, Pheterpgeneity = 0.12; for CC+TC vs TT: OR 
= 0.81, 95%CI = 0.42-1.57, Pheterpgeneity = 0.04; for TT+TC vs CC: OR = 0.87, 95%CI = 0.74-
1.04, Pheterpgeneity = 0.25). Sensitivity analyses were conducted by altering the statistic models. 
No material alteration was detected, indicating that our results were statistically robust.

Figure 2. Meta-analysis of the relationship between the MTHFR C677T polymorphism and osteoporotic fracture 
in postmenopausal women risk for TT vs CC in the race-related subgroup analysis.
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Publication bias

Publication bias of the literature was assessed by Begg’s funnel plot (Figure 3). The fun-
nel plot was used to measure the asymmetry of the funnel plot. The results of the Begg’s funnel 
plot test are shown in Table 2. Results showed that there was no publication bias (all P > 0.05).

Figure 3. Begg’s funnel plot test of publication bias for the association the MTHFR C677T polymorphism and 
osteoporotic fracture in postmenopausal women risk for TT vs CC.

Subgroup Genetic model               Sample size Type of model     Test of heterogeneity     Test of association     Test of publication bias

  Case Control  I2 P OR 95%CI z P

Overall TT vs CC 4258 3454 Random 63.9% 0.01 0.99 0.72-1.39 0.30 0.76
 TT vs TC   Fixed 47.3% 0.07 1.02 0.87-1.20 0.30 0.76
 Dominant model   Random 60.3% 0.02 0.96 0.71-1.28 0.30 0.76
 Recessive model   Fixed 49.8% 0.06 0.93 0.84-1.03 0.30 0.76
Caucasians TT vs CC 3122 2306 Random 69.2% 0.02 0.91 0.58-1.45 0.34 1.00
 TT vs TC   Random 55.6% 0.08 0.98 0.67-1.42 0.34 1.00
 Dominant model   Random 75.6% 0.00 0.90 0.57-1.42 0.24 0.81
 Recessive model   Random 64.7% 0.04 0.91 0.72-1.16 0.24 0.81
Asians TT vs CC 1136 1148 Random 71.1% 0.03 1.16 0.55-2.44 0.00 1.00
 TT vs TC   Random 53.1% 0.12 1.27 0.73-2.23 0.00 1.00
 Dominant model   Random 68.2% 0.04 0.81 0.42-1.57 0.00 1.00
 Recessive model   Fixed 27.8% 0.25 0.87 0.74-1.04 0.00 1.00
Sample size TT vs CC 4005 3199 Random 61.4% 0.04 0.91 0.67-1.25  0.81
˃300 TT vs TC   Fixed 40.7% 0.15 0.98 0.82-1.16 0.24 0.81
 Dominant model   Random 55.0% 0.06 1.04 0.79-1.36 0.24 0.81
 Recessive model   Random 59.4% 0.04 0.90 0.75-1.08 0.24 0.81

Table 2. Summary of odds ratios (ORs) and 95% confidence interval (95%CI) of MTHFR C677T polymorphism 
and osteoporotic fracture in postmenopausal women risk.
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DISCUSSION

An increased homocysteine level appears to be a strong and independent risk factor for 
osteoporotic fractures (van Meurs et al., 2004). MTHFR plays a key role in the metabolism of 
homocysteine, and a polymorphism in the MTHFR gene (C677T) is associated with reduced 
MTHFR activity and increased homocysteine levels. Some studies have reported that C677T 
polymorphism is associated with the risk of osteoporotic fracture, and other studies have failed 
to confirm this association. However, the conclusion above based on a small number of sam-
ples, suggests that the observed associations between the C677T polymorphism and increased 
osteoporotic fracture risk reflect chance observations rather than true associations. To help 
clarify the inconsistent findings, Valero et al. (2007) performed a meta-analysis and found that 
the MTHFR C677T polymorphism does not appear to be associated with the overall risk of 
osteoporotic fracture. Nevertheless, postmenopausal women have higher homocysteine levels 
than premenopausal women (Hak et al., 2000), and several research studies have suggested 
that the C677T polymorphism is associated with osteoporotic fracture risk in postmenopausal 
women. Therefore, we performed a meta-analysis aiming at postmenopausal women.

In the current meta-analysis, we examined the association between MTHFR C677T 
polymorphism and the risk of osteoporotic fracture by critically including all published studies. 
Finally, only 7 case-control studies were included and comprised a total of 4258 patients and 
3454 healthy controls. The main meta-analysis results showed that there was no significant 
association between MTHFR C677T polymorphism and osteoporotic fracture risk. Considering 
the result may be affected by ethnicity, we performed a race-related subgroup analysis, and 
no significant association was found as well between C677T polymorphism and susceptibility 
to osteoporotic fracture in both Caucasian and Asian populations. When stratifying by sample 
size (>300), this meta-analysis detected no significant association, suggesting there was no 
small-study bias in our meta-analysis. There was no evidence of publication bias in this meta-
analysis (all P > 0.05). As the eligible study number was small in this meta-analysis of C677T 
polymorphism, these results still need further confirmation.

The potential influence of MTHFR C677T polymorphism may be affected via gene-
gene and gene-environment interactions. The effect of C677T polymorphism on fracture could 
be due to linkage disequilibrium with the lysyl hydroylase 1 (LH1) gene. Mutation in the 
LH gene is weakened crosslinks in collagen and increased the risk of osteoporotic fracture 
(Yeowell and Walker, 2000). In addition, plasma concentrations of folate, vitamins B6 and 
B12 are negatively correlated with plasma homocysteine levels. Increased dietary intake 
of these vitamins can reduce plasma homocysteine levels (de Bree et al., 2004). Therefore, 
further studies of the interactions of C677T polymorphism and these vitamins (folate, vitamins 
B6, and B12) should be taken into consideration to investigate the possible relationships.

There were also some limitations in our meta-analysis. First, because of incomplete 
raw data or publication limitations, some relevant studies could not be included in our analy-
sis. Second, our systematic review was based on unadjusted data, as the genotype information 
stratified for the main confounding variables was not available in the original papers and the 
confounding factors addressed across the different studies were variable. Finally, gene-gene 
and gene-environment interactions were not tested in the present study, due to the lack of in-
formation from the original studies.

In conclusion, our meta-analysis suggests no association between C677T polymor-
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phism and osteoporotic fracture risk, both in Caucasian and Asian populations. Since few 
studies are available in this field and because current evidence remains limited, large studies 
with an adequate methodological quality, properly controlling for possible confounds to ob-
tain valid results, are greatly needed.
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