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Background and purpose

The relationship of the methylenetetrahydrofolate reductase (MTHFR) gene C677T polymorphism with the incidence of gestational diabetes mellitus (GDM) in the Chinese population remains controversial. This study aimed to further clarify the effect of the MTHFR gene C677T polymorphism on GDM risk among Chinese pregnant women based on current evidence.





Methods

Several databases were searched up to July 29, 2023 for relevant case-control studies. The numbers of patients with and without the T allele of the MTHFR gene C677T polymorphism in the GDM and control groups were determined, and all statistical analyses were performed by RevMan 5.3 software and STATA 15.0 software. Trial sequential analysis (TSA) was performed by TSA version 0.9 beta software to determine the required information size.





Results

A total of 17 case-control studies involving 12345 Chinese participants were included. The pooled results demonstrated that the T allele of the MTHFR gene C677T polymorphism was significantly associated with an increased risk of GDM, which was manifested by the five gene models of the MTHFR C677T polymorphism [T vs. C: odds ratio (OR)=1.59, P=0.03; TT vs. CC: OR=2.24, P<0.001; TC vs. CC: OR=1.28, P=0.05; (TT+TC) vs. CC: OR=1.55, P=0.003; TT vs. (TC+CC): OR=1.89, P<0.001]. Subgroup analysis based on the regions indicated that the significant relationship between the T allele of the MTHFR gene C677T polymorphism and an increased risk of GDM was detected only among the southern population [T vs. C: OR=1.62, P=0.09; TT vs. CC: OR=2.22, P=0.004; TC vs. CC: OR=1.17, P=0.28; (TT+TC) vs. CC: OR=1.43, P=0.03; TT vs. (TC+CC): OR=1.97, P=0.006]. TSA plots showed that the information sizes for the association between the MTHFR gene C677T polymorphism and GDM risk were sufficient in the homozygote (TT vs. CC) and recessive (TT vs. TC+CC) models.





Conclusion

The MTHFR gene C677T polymorphism is closely related to susceptibility to GDM in the southern Chinese population, and the C-T mutation serves as an important genetic risk factor for GDM. More well-designed large case-control studies are needed to further confirm the above findings.
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Introduction

Gestational diabetes mellitus (GDM) is a common complication during pregnancy, posing significant health risks to both the fetus and the mother. The incidence of GDM has been rising, with reported rates ranging from 1% to 14% internationally and from 2% to 18% in China (1–4). Additionally, the onset of GDM is occurring at increasingly younger ages (2). GDM can have adverse effects on both the mother and the fetus, leading to complications such as miscarriage, preterm birth, diabetic ketoacidosis, infection, postpartum hemorrhage, fetal distress, macrosomia, neonatal respiratory distress syndrome, and neonatal hypoglycemia (5). Furthermore, both pregnant women with GSM and their offspring have an increased risk of developing type 2 diabetes in the long term (5). Therefore, identifying potential and modifiable risk factors for GDM is a valuable strategy to enhance the health status of pregnant women and their offspring.

Homocysteine (Hcy) is a reactive amino acid associated with vascular injury that impacts glucose and lipid metabolism. Previous studies have indicated that Hcy levels are higher in GDM patients than in women with normal pregnancies, suggesting a potential close relationship between Hcy levels and GDM and its complications (6). Relevant studies suggest that insulin resistance is a central factor in the development of GDM, and plasma Hcy levels are positively correlated with fasting insulin levels (7). The insulin resistance index directly influences plasma Hcy levels, although this remains a subject of significant debate (8, 9).

Methylenetetrahydrofolate reductase (MTHFR) can catalyze 5,10-methylenetetrahydrofolate to 5-methyltetrahydrofolate, participating in the remethylation of Hcy and keeping Hcy levels relatively low in the body. Variations in the MTHFR gene can lead to disruptions in multiple physiological and biochemical reactions in the body, such as modifications in the methylation of nucleic acids and proteins and the regulation of the cell cycle. The MTHFR gene is located on the short arm of human chromosome 1 (1p36.3), and polymorphisms in the MTHFR gene can result in reduced enzyme activity, causing folate metabolism disturbances, reduced 5-methyltetrahydrofolate production, impaired DNA methylation, metabolic disruptions of Hcy, and the accumulation of Hcy in the bloodstream. Currently, hundreds of single nucleotide polymorphisms (SNPs) have been identified in the MTHFR gene, with the C677T site being the most closely associated with diseases. When this gene polymorphism occurs, it may lead to reduced or impaired MTHFR enzyme activity, disrupted folate metabolism, and elevated Hcy levels and consequently result in related complications (10–13). Some studies have demonstrated that the MTHFR gene C677T polymorphism is closely related to the risk of diabetes mellitus (DM) (14, 15). Some investigators also revealed that the C-T mutation in the MTHFR C677T gene might lead to increased susceptibility to GDM (16, 17). However, whether the MTHFR gene C677T polymorphism leads to an increased risk of GDM in the Chinese population remains controversial.

Therefore, this meta-analysis aimed to further identify the effect of the MTHFR gene C677T polymorphism on GDM risk among Chinese pregnant women based on current evidence.





Materials and methods

The current meta-analysis was performed according to the Preferred Reporting Items for Systematic Review and Meta-Analyses 2020 guidelines (18).




Literature search

In this meta-analysis, the CNKI, VIP, WanFang, Medline, Web of Science and EMBASE databases were searched from inception to July 29, 2023. The following terms were used during the search: single nucleotide polymorphism, SNP, polymorphism, gestational diabetes mellitus, pregnancy-induced diabetes, methylenetetrahydrofolate reductase and MTHFR. The detailed search strategy was as follows: (single nucleotide polymorphism OR SNP OR polymorphism) AND (gestational diabetes mellitus OR pregnancy-induced diabetes) AND (methylenetetrahydrofolate reductase OR MTHFR). Moreover, MeSH terms and free-text words were both applied, and references cited in the included studies were also reviewed.





Inclusion criteria

Studies that met the following criteria were included: 1) studies of the association between the MTHFR gene C677T polymorphism and the incidence of GDM among pregnant Chinese women; 2) studies in which the numbers of patients with and without the T allele of the MTHFR gene C677T polymorphism in the GDM and control groups were provided for the calculation of odds ratios (ORs) with 95% confidence intervals (CIs); and 3) high-quality studies with a Newcastle-Ottawa Scale (NOS) score of 6 or higher (19).





Exclusion criteria

Studies that met the following criteria were excluded: 1) letters, editorials, animal trials, reviews or case reports; and 2) studies with duplicated or overlapped data.





Data collection

The following information was extracted from each included study: the first author, publication year, sample size, number of patients with and without GDM, genotype detection method, number of patients with different genotypes and NOS score.





Quality assessment

The NOS was applied to assess the methodological quality of the included studies because all included studies were cohort studies. As mentioned above, only studies with an NOS score ≥ 6 were included.

The literature search, literature selection, data extraction and quality assessment were independently conducted by two authors, and all disagreements were resolved by team discussion.





Statistical analysis

The heterogeneity between studies was assessed by using I2 statistics and the Q test. If significant heterogeneity was detected, defined as I2 > 50% and/or P < 0.1, the random effects model was applied; otherwise, the fixed effects model was applied (20). ORs and 95% CIs were combined to evaluate the effect of this polymorphism on GDM risk under the allele model (T vs. C), homozygote model (TT vs. CC), heterozygote model (TC vs. CC), dominant model (TT+TC vs. CC) and recessive model (TT vs. TC+CC). The overall population was stratified according to region (northern vs. southern), and subgroup analysis was conducted by region. Sensitivity analysis was conducted to determine the sources of heterogeneity and assess the stability of the overall results. In addition, Begg’s funnel plot and Egger’s test were conducted to detect publication bias, and significant publication bias was defined as P < 0.05 (21, 22). If obvious publication bias was detected, then the fill-and-trim method was applied to identify potentially unpublished studies (23). The above analysis was performed by RevMan 5.3 software and STATA 15.0 software.

Trial sequential analysis (TSA) was conducted according to the guidelines of former publications (24, 25). A significance level of 5% for type I error and a significance level of 20% for type II error were set to evaluate the required sample size and TSA monitoring boundaries, which was performed by TSA version 0.9 beta software.






Results




Literature search and selection

The specific literature search and selection process is shown in Figure 1. Initially, 112 records were identified from the six databases. Ultimately, a total of 18 available studies were included in this meta-analysis after reviewing the titles, abstracts and full texts (14, 26–41).




Figure 1 | Prisma flow diagram of this meta-analysis.







Basic characteristics of the included studies

As shown in Table 1, 12345 Chinese participants were enrolled, with sample sizes ranging from 60 to 5614, and nine studies were from southern China. Among the enrolled patients, 3439 were diagnosed with GDM. Detailed data are presented in Table 1. Specific information about the NOS score is shown in Supplementary Table 1.


Table 1 | Basic characteristics of included studies.







The association between the MTHFR gene C677T polymorphism and GDM risk in the Chinese population

The pooled results demonstrated that the MTHFR gene C677T polymorphism was significantly related to the risk of GDM in the allele model (OR=1.59, 95%:1.05-2.41, P=0.03; I2 = 94%, P<0.001) (Figure 2), homozygote model (OR=2.24, 95%:1.44-3.50, P<0.001; I2 = 89%, P<0.001) (Figure 3), heterozygote model (OR=1.28, 95%:0.99-1.65, P=0.05; I2 = 82%, P<0.001) (Figure 4), dominant model (OR=1.55, 95%:1.16-2.06, P=0.003; I2 = 89%, P<0.001) (Figure 5) and recessive model (OR=1.89, 95%:1.32-2.72, P<0.001; I2 = 86%, P<0.001) (Figure 6). Patients with the T variant allele were more likely to develop GDM (Table 2).




Figure 2 | The association between MTHFR gene C677T polymorphism and risk of gestational diabetes mellitus in Chinese population under the allele model.






Figure 3 | The association between MTHFR gene C677T polymorphism and risk of gestational diabetes mellitus in Chinese population under the homozygote model.






Figure 4 | The association between MTHFR gene C677T polymorphism and risk of gestational diabetes mellitus in Chinese population under the heterozygote model.






Figure 5 | The association between MTHFR gene C677T polymorphism and risk of gestational diabetes mellitus in Chinese population under the dominant model.






Figure 6 | The association between MTHFR gene C677T polymorphism and risk of gestational diabetes mellitus in Chinese population under the recessive model.




Table 2 | Results of meta-analysis.



However, subgroup analysis stratified by region revealed a significant association between the MTHFR gene C677T polymorphism and an increased risk of GDM only among the southern population in the allele model (OR=1.62, 95%:0.92-2.85, P=0.09; I2 = 91%, P<0.001), homozygote model (OR=2.22, 95%:1.28-3.83 P=0.004; I2 = 88%, P<0.001), heterozygote model (OR=1.17, 95%:0.88-1.56, P=0.28; I2 = 79%, P<0.001), dominant model (OR=1.43, 95%:1.03-1.98, P=0.03; I2 = 87%, P<0.001) and recessive model (OR=1.97, 95%:1.22-3.19, P=0.006; I2 = 87%, P<0.001). Although a significant difference in the allele model and heterozygote model was not shown, an obvious tendency was observed (Table 2). Thus, southern Chinese pregnant women with the T variant allele of the MTHFR gene C677T polymorphism showed significantly increased susceptibility to GDM overall.





Sensitivity analysis

Sensitivity analysis for the five gene models was performed. Overall, the results in the homozygote model (Supplementary Figure 1B), dominant model (Supplementary Figure 1D) and recessive model (Supplementary Figure 1E) were stable and reliable. However, studies by Mo et al. (37) and Wang et al. (35) showed an impact on the overall results in the allele model (Supplementary Figure 1A), and several studies (14, 28–30, 32, 37, 39, 4031, 35, 38) showed an impact on the overall results in the heterozygote model (Supplementary Figure 1C). Thus, more high-quality studies are still needed to further confirm our findings.





Publication bias

Similarly, publication bias for the five gene models was assessed. According to Begg’s funnel plots (Supplementary Figures 2A–E) and Egger’s test P values (allele model: P=0.045; homozygote model: P=0.011; heterozygote model: P=0.037; dominant model: P=0.010; recessive model: P=0.028), significant publication bias was observed. Thus, the fill-and-trim method was applied to identify potentially unpublished studies. According to filled funnel plots, no potentially unpublished publications for the allele model (Supplementary Figure 3A) or heterozygote model (Supplementary Figure 3C) were found. Three, six and two potentially unpublished studies were detected for the homozygote model (Supplementary Figure 3B), dominant model (Supplementary Figure 3D) and recessive model (Supplementary Figure 3E), respectively. The potentially unpublished studies had no significant effect on the overall results in the homozygote model (filled OR=1.74, 95% CI: 1.12-2.68, P=0.013) and recessive model (filled OR=1.63, 95% CI: 1.13-2.36, P=0.009). However, in the dominant model, a significant effect on the overall results caused by the six potentially unpublished studies was observed (filled OR=1.06, 95% CI: 0.80-1.42, P=0.678). Therefore, to further clarify the association between the MTHFR gene C677T polymorphism and the risk of GDM, more high-quality studies should be performed.





Trial sequential analysis

Supplementary Figure 4 shows the TSA results. In Supplementary Figures 4B and E, the cumulative Z-curve cut crossed TSA boundaries (red polylines), indicating that the information size was adequate and that the conclusions were robust. However, the Supplementary Figures 4A, C and D show negative results. Therefore, more case-control studies are still needed to further confirm our findings.






Discussion

The current meta-analysis included 17 relevant studies with 12345 participants and explored the relationship between the MTHFR gene C677T polymorphism and susceptibility to GDM among pregnant Chinese women. Based on currently available evidence, we demonstrated that the T variant allele could serve as a risk factor for GDM among the southern Chinese population. However, due to the limitations in the included studies and our analysis, more randomized controlled trials (RCTs) are needed to further confirm our findings.

It has been reported that the serum Hcy level in GDM patients is significantly higher than that in non-GDM patients (34). Serum Hcy levels have been identified as an independent risk factor for the occurrence of GDM, indicating a strong correlation between elevated Hcy levels and the development of GDM. Hcy can serve as a marker for monitoring the progression of GDM and as a potential predictive factor for evaluating microvascular changes, reflecting the status of blood sugar control (34). A possible reason is that during pregnancy, the maternal body and placenta secrete anti-insulin hormones, leading to increased insulin resistance, which in turn causes elevated Hcy levels. Elevated Hcy levels further inhibit pancreatic β-cell insulin secretion, resulting in an increase in blood glucose levels (42). These two factors have a reciprocal causal relationship and mutually influence each other. Therefore, elevated Hcy levels may serve as a pathological basis for promoting the occurrence and development of GDM (42).

The reduction in enzyme activity caused by the C677T mutation in the MTHFR gene is an important factor leading to elevated Hcy levels (43). MTHFR is a key enzyme involved in Hcy metabolism, catalyzing the conversion of 5,10-methylenetetrahydrofolate to 5-methyltetrahydrofolate, which promotes the conversion of Hcy to methionine (14). The C677T mutation site can lead to the substitution of methionine for alanine in MTHFR isoleucine, resulting in decreased MTHFR enzyme activity. This impedes the conversion of Hcy to methionine, leading to the accumulation of Hcy in the body and subsequently causing an increase in the serum Hcy concentration, which contributes to the development of GDM (44). The results from the study by Pawlik A et al. showed that MTHFR CT heterozygous mutations reduced enzyme activity to approximately 75% of the CC type, while TT genotype mutations led to even more significant decreases, reaching approximately 50% or lower (45). The aforementioned reports confirm that different genotypic mutations of MTHFR C677T can cause a reduction in MTHFR enzyme activity, resulting in elevated serum Hcy levels. Therefore, the T variant allele in the MTHFR gene C677T polymorphism leads to an increased risk of GDM.

Most included studies revealed a relationship between the MTHFR gene C677T polymorphism and an increased risk of GDM. However, studies by Fang et al. (33) and Yang et al. (27) reported opposite results, and they suggested several potential causes. Yang et al. did not find a significant correlation between mutations of MTHFR C677T and plasma Hcy levels, suggesting that the T variant allele in the MTHFR gene C677T polymorphism may have a relatively minor impact on Hcy metabolism in pregnant Han Chinese women. However, this mutation may reduce the risk of GDM through the alteration of other metabolic pathways within the body, thereby masking the potential adverse effects of Hcy metabolism changes caused by the C-T mutation in MTHFR C677T (27). In addition, the metabolism of Hcy is regulated by various factors, including genetics and nutrition. The potential influence of confounding factors such as plasma/red blood cell folate levels and the glomerular filtration rate in the study subjects might lead to biases in the research findings (27). Moreover, the sample size with 363 patients in the study by Yang et al. was relatively small, and the test performance of their results was only 0.48.

There are several limitations in our meta-analysis. First, the sample sizes in several included studies were relatively small, which might cause some bias. Second, the genotyping methods in the included studies differed, and the accuracy of different methods may vary. Third, a more detailed subgroup analysis based on other important parameters, such as race and age, could not be performed because the original data were unavailable. Fourth, significant heterogeneity among the included studies was detected.





Conclusion

The MTHFR gene C677T polymorphism is closely related to susceptibility to GDM in the southern Chinese population, and the C-T mutation serves as an important genetic risk factor for GDM.
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GDM, gestational diabetes mellitus; QF-PCR, quantitative fluorescent polymerase chain reaction; FQ-PCR, fluorescence quantitative polymerase chain reaction; NOS, Newcastle-Ottawa Scale.





