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Objective: For analyzing the distribution characteristics of MTHFR C677T polymorphism in Chinese females in order to provide information for reducing birth defects and formulating public health policies to prevent congenital malformations.
Methods: Literature search in the last 6 years on “MTHFR C677T,” “polymorphism” and “methylene tetrahydrofolate reductase.” The included literature provides the MTHFR C677T frequency in healthy females in the corresponding regions. The data were grouped by the national administrative region as a unit to obtain the distribution information of the MTHFR C677T and alleles in the female population in every province, municipality or autonomous region. This was done for analyzing the overall distribution of the MTHFR C677T allele and the geographical distribution of pregnancy complications.
Results: A total of 126 studies were included, covering five autonomous areas, four municipalities directly under the Central Government, as well as 22 provinces (except Taiwan Province) in China. MTHFR C677T polymorphism data of 27 groups of Chinese Han women and 31 groups of other Chinese females were obtained, and the chi-square test revealed notable inter-group differences (p = 0.000). The TT genotype and T allele of MTHFR C677T accounted for 18.2% (4.7%–38.3%) and 40.3% (19.7%–61.4%) of the Chinese female population, respectively, with a significant north-south difference. Chinese females had a consistent frequency of the T allele with the geographical distribution of pregnancy complications such as recurrent abortion and preeclampsia.
Conclusion: With a obvious geographical gradient, the MTHFR C677T polymorphism distribution in Chinese females is consistent with the geographical distribution of multiple pregnancy complications, and the risk assessment for it might be included in primary prevention for birth defects.
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1 INTRODUCTION
As an essential enzyme in folic acid (FA) metabolism, methylenetetrahydrofolate reductase (MTHFR) is able to catalyze the transformation of 5,10-methylene-THF into 5-MTHF, the main methyl donor for homocysteine to be transformed into methionine, DNA and RNA. C677T and A1298C are two frequently-seen polymorphisms of MTHFR. The polymorphism C677T is the most common in South America as well as Asia. The change in C677T replaces the alanine at the 222nd amino acid site with valine, which will lead to greatly reduced enzyme stability and is the most frequently-seen genetic cause of hyperhomocysteinemia. Polymorphisms of A1298C are common in Europe and North America and are rare in Asia (1%–4%). This change causes glutamate at the 249th position to be replaced by alanine, which affects the MTHFR activity and thermal stability, also leading to hyperhomocysteinemia (Chango et al., 2000; Al Hammouri et al., 2022).
Homocysteine concentrations rise after the enzyme’s homeostatic action is disrupted, leading to a series of pathological disorders that develop one after the other. Hyperhomocysteinemia has been demonstrated to raise the pathogenic risk of cardiovascular and neurological illness (Tinelli et al., 2019; Al Mutairi, 2020). FA, as one of the key micronutrients during pregnancy, and homocysteine accumulation can have harmful effects on maternal health and fetal growth (Kanasaki and Kumagai, 2021). Studies have shown that hyperhomocysteinemia is associated with many complications related to pregnancy, including preeclampsia, recurrent abortion, fetal growth retardation, gestational diabetes mellitus (TM), placental abruption, premature delivery, and so on (Nwogu et al., 2020; Dai et al., 2021). If there is a homozygous mutation of the MTHFR C677T TT genotype in pregnant females, it is generally accompanied by a lack of FA, and the serum homocysteine level may increase, which will greatly enhance the probability of congenital anomalies in the offspring. Additionally, the T allele in C677T is highly associated with maternal TG levels in pre-eclampsia, a risk factor for severe eclampsia and hypertension in pregnancy (Parthasarathy et al., 2023).
China has a vast territory, a large population, diversified ecology and diet, and the MTHFR C677T polymorphism is significantly different in various geographical regions and among diverse ethnic groups, a result of long-term interactions between heredity and the environment. Clarifying the genetic polymorphisms and distribution of MTHFR C677T among women in different regions and understanding the differences in FA utilization among women in China will help the country formulate public health policies and related research in the field of genetic diseases. In this study, the polymorphism distribution characteristics of the MTHFR C677T gene in healthy women from four municipalities, five autonomous regions, and 22 provinces in China were summarized and analyzed. A vector map was adopted for describing the overall distribution pattern of the MTHFR C677T T allele in Chinese females. The gene polymorphisms showed a regional distribution pattern, and the risk assessment could be formulated according to local conditions, thus, primary prevention measures for congenital anomalies could be developed.
2 MATERIALS AND METHODS
2.1 Document retrieval
The literature on the MTHFR C677T polymorphism in women from different regions in China reported over the past 6 years was retrieved from the MEDLINE, CNKI, Wanfang, and VIP databases. Chinese keywords “MTHFR C677T,” “Methylenetetrahydrofolate reductase,” “Polymorphism,” English keywords “MTHFR C677T,” “Polymorphism” were used in a combined review of the references cited in various articles. The search deadline was December 2021.
2.2 Literature inclusion and exclusion criteria
Inclusion criteria: ① Published within the last 6 years (2016–2021); ② The subjects were Chinese females; ③ Reports on the frequency of MTHFR C677T in this region; ④ The data were consistent with Hardy-Weinberg genetic equilibrium. Exclusion criteria: ① Incomplete data (Al Hammouri et al., 2022); Repeated published studies (literature with publications based on the same population sample) (Tinelli et al., 2019); The design of the included samples, such as cohort studies or case‒control studies (Al Mutairi, 2020); Non-original studies such as reviews or meta-analyses.
2.3 Literature screening and data extraction
In the initial screening of the literature, irrelevant literature was excluded in light of the title and abstract content. Then, based on the inclusion/exclusion criteria, the full text was further screened to determine whether to include it. The screening process was independently conducted by two reviewers, and the screening results were cross-checked until an agreement was reached. The extracted data included basic information such as region, a detection unit, ethnicity, age, sample size, first author and publication year, as well as the MTHFR C677T genotyping method and frequency of each genotype.
2.4 Statistical analysis of the MTHFR C677T gene distribution
The Hardy-Weinberg genetic balance test was performed on the data from each region, and p > 0.05 indicated that the data were representative of the regional population; otherwise, they were excluded. The data of each region were combined according to the national administrative level, and the female MTHFR C677T polymorphism distribution in each municipality, autonomous region, or province was obtained. The inter-group comparison of genotype or allele was conducted via χ2 tests, and p < 0.05 indicated a notable difference. Vector mapping was used to map the T allele distribution at the MTHFR C677T locus in Chinese Han women and Chinese women of other ethnicities.
2.5 Statistical analysis of the geographical distribution of diseases
According to the China Health Statistical Yearbook 2021 and the original data of relevant literature investigations, maternal or fetal deaths caused by diseases of pregnancy such as hypertension and preeclampsia in various municipalities, autonomous regions or provinces were counted, and the relevant distribution information was drawn using vector maps.
3 RESULTS
3.1 Literature screening and results
According to the literature retrieval method set by the study, a total of 2,156 references were obtained. After eliminating 2030 non-standard studies by step-by-step screening, 126 studies were finally enrolled. The specific screening process is summarized in Figure 1.
[image: Figure 1]FIGURE 1 | The flowchart of literature screening process.
3.2 Basic characteristics
Among the 126 articles meeting the inclusion criteria, the MTHFR C677T polymorphism data of women from four municipalities, five autonomous regions and 22 provinces (except Taiwan Province) in China were covered, of which 90 articles had specific ethnic groups. Among all of the research participants providing data, there were 144,996 Han women and 24,700 women from ethnic minorities.
3.3 MTHFR C677T gene distribution in Chinese Han women
The MTHFR C677T gene distribution data of Chinese Han women reported in the past 6 years were combined according to the national first-level administrative regions (municipalities, autonomous regions and provinces), and 27 groups of Han women data were obtained (Supplementary Table S1). The inter-group genotype difference was notable (p = 0.000). Except for Han females in Chongqing, Fujian, Guangdong, Guangxi and Hainan, the wildtype CC genotype was dominant, and the heterozygous CT genotype was dominant in the remaining 22 groups of data. By mapping the vector map of the T mutation gene, we can intuitively reflect the distribution pattern of the MTHFR C677T locus in Han females in various regions (Figure 2). Among them, the T allele frequency in Shandong, Henan and Hebei was the highest (62.8%, 62.4% and 61.4%, respectively), and in other regions, it generally increased from south to north. Chinese Han women had total frequencies of 19.2% and 41.4% in the TT genotype and T allele, respectively.
[image: Figure 2]FIGURE 2 | Vector map showing the T allele distribution of MTHFR C677T in Han ethnicity women.
3.4 MTHFR C677T gene distribution in Chinese females
The MTHFR C677T gene distribution data of Chinese females reported in the past 6 years were combined according to the national first-level administrative regions (municipalities, autonomous regions and provinces), and 31 groups of data were obtained (Supplementary Table S1). The inter-group genotype difference was notable (p = 0.000). Compared with the data of Han women, the T allele frequency in Shanxi, Tianjin, Anhui as well as Gansu, which are not clear about the ethnic groups in the literature, was increased. The TT genotype and T allele of MTHFR C677T accounted for 4.7%–38.3% and 19.7%–61.4% in the female population, respectively, with a notable disparity between the northern and southern individuals. The T gene frequency in Shandong and Henan ranked in the top three in China (61.2%, 60.4%, 61.4%) with Hebei after supplementing the data of ethnic women in the literature. In addition, after the data of ethnic minority groups were supplemented in 12 regions of Liaoning, Jilin, Inner Mongolia, Qinghai, Xinjiang, Hubei, Guizhou, Yunnan, Hunan, Tibet, Guangxi and Hainan, the frequency of T gene mutation decreased to varying degrees, among which the allele frequency differences between Xinjiang, Guizhou, Yunnan, Tibet, Guangxi and Hainan (p = 0.000, 0.003, 0.000, 0.000 and 0.000) were statistically significant. The dominant genotype in Tibet was the CC type (while the dominant genotype in Han women was the CT type). By comparing the distribution vector map of the T gene between Han women and other Chinese females, the variation in the T gene frequency can be more intuitively presented (Figure 3). The frequency of T mutation genes in the female population showed a trend of a gradual increase from south to north and from west to east, and TT genotype and T allele had total frequencies of 18.2% and 40.3%, respectively.
[image: Figure 3]FIGURE 3 | Vector map showing the T allele distribution of MTHFR C677T in Chinese women.
3.5 Regional distribution of maternal mortality caused by pregnancy-induced hypertension in Chinese females
According to the statistical analysis of the data in the 2021 China Health Statistics Yearbook, a summary table of maternal death causes in 2020 (Supplementary Table S2) was obtained. The main factors of maternal death caused by gestational hypertension and medical complications have certain regional distribution differences.
Among them, the proportion of pregnancy-induced hypertension in maternal mortality is comparatively high in the Heilongjiang, Xinjiang, Jilin, Shanxi and Henan provinces and comparatively low in the Zhejiang, Chongqing, Guangdong, Guangxi and Fujian provinces (Zhu et al., 2021a). Overall, the proportion of maternal mortality caused by pregnancy-induced hypertension gradually increased from south to north, which is similar to the MTHFR C677T gene distribution in Chinese Han women (Figure 4).
[image: Figure 4]FIGURE 4 | Vector map showing the distribution of gestational hypertension-caused deaths in Chinese women in 2020.
In terms of maternal mortality caused by medical complications, except for Hainan, maternal mortality caused by medical complications in most southern regions is relatively low, while maternal mortality caused by general medical complications in eastern and northeastern China was relatively high (Figure 5).
[image: Figure 5]FIGURE 5 | Vector map showing the distribution of medical comorbidities causing death in Chinese individuals in 2020.
3.6 Geographical distribution of neonatal stillbirth causes in China
A cross-sectional survey of causes of neonatal death with a gestational age of 24 weeks and above in 96 hospitals from 24 provinces and cities in 2015-2016 showed that older mothers, chronic hypertension, TM and preeclampsia were risk factors for neonatal death. In the different regions, there were also some differences in the severity of the threat of neonatal death (Table 1). Overall, maternal chronic hypertension, pre-pregnancy obesity, preeclampsia and eclampsia were important causes of neonatal death. Among the 75,132 newborns included in the analysis, chronic hypertension and pre-pregnancy obesity were higher in the east and north. Preeclampsia and eclampsia were important causes of neonatal death in the northeast, north and central regions.
TABLE 1 | Weighted ratio of stillbirths with risk factors via Chinese geographical region.
[image: Table 1]4 DISCUSSION
The correlation of MTHFR C677T polymorphism with associated maladies has always been a research hotspot. A number of retrospective studies have found that the CT heterozygous mutation of the MTHFR gene retains approximately 60% of its enzymatic activity, while the homozygous TT mutation retains only 10%–20% of its enzymatic activity (Dai et al., 2021). However, the vitamin D and niacin levels in the TT genotype are significantly lower, and the levels of homocysteine are significantly higher, and in contrast to the CT genotype, the TT genotype is linked to a higher risk of preterm birth, recurrent abortion, and offspring with Down syndrome (Rai et al., 2014; Fang et al., 2018; Zarfeshan Fard et al., 2019; Ota et al., 2020). In addition, the MTHFR C677T mutation, accompanied by increased blood homocysteine concentrations, results in a higher risk of various adverse pregnancy outcomes and offspring with congenital cardiovascular disease, neural tube defects (NTDs), or cleft lip and palate (Van Der Put et al., 2001; Wilcken et al., 2003; Pan et al., 2015; Zhang et al., 2018).
This study summarized and analyzed the MTHFR C677T polymorphism in Chinese females, covering 5 autonomous areas, 4 municipalities directly under the Central Government, as well as 22 provinces (except Taiwan Province) in China. Both the homozygous TT genotype of MTHFR C677T and the frequency of the T mutation gene showed a trend of increasing from south to north in both the Han population and the rest of the female population, contrary to that in Europe and North America, which is consistent with the increasing incidence of NTDs from Chinese southeast to northwest. The correlation of MTHFR C677T polymorphism with offspring NTDs has been verified (Pepe et al., 1998; Ren et al., 2007). In addition, a number of reports have shown that preeclampsia, gestational hypertension and preterm delivery are linked to the MTHFR C677T polymorphism. According to relevant intervention studies, FA supplementation (FAS) is able to significantly lower the incidence of preterm delivery, gestational hypertension and TM in pregnant females and lower the risk of light birth weight as well as small fetuses for gestational age. (Li et al., 2015; Li et al., 2017; Zhu et al., 2021a; Zhu et al., 2021b; Lyu et al., 2021). Hyperhomocysteinemia causes vascular and metabolic abnormalities, and when the immune interaction between the fetus and the present is defective, there are abnormalities in the spiral arteries of the uterus, and the blood oxygen and nutritional status supplied to the fetus is affected, and the present often suffers from hypertension to increase blood flow (Stamler and Slivka, 1996; Parthasarathy et al., 2023). FA supplementation helps to improve metabolic abnormalities and promote homocysteine conversion, thereby reducing the incidence of preterm labour and gestational hypertension in pregnant women and reducing the risk to the foetus (Li et al., 2015; Shen et al., 2019). Consistent with previous studies, this study found that maternal or neonatal deaths caused by pregnancy-related diseases such as pregnancy-related hypertension, preeclampsia and eclampsia tended to increase from south to north and from west to east by analyzing the causes of maternal death and the regional distribution of neonatal stillbirth in China. The regional distribution trend of the T allele frequency was similar to that of the pregnancy-related conditions.
The distribution of gene polymorphisms is influenced by heredity, population migration, diet and environment. Research has revealed that the frequency of MTHFR C677T in Han women is higher or significantly higher than that of local minorities (Yang et al., 2013; Cui et al., 2015). Therefore, in our study, compared with the data of Han women, the overall T-allele frequency in women in most regions containing ethnic minority samples decreased to varying degrees, except in the Ningxia region, which was thought to be biased due to the inclusion of a large proportion of unspecified ethnic groups in the data from this region. In our study, the MTHFR C677T frequency in Beijing and Tianjin, which are surrounded by Hebei Province, was lower than that in Hebei Province, which is thought to be related to population migration, and the corresponding proportion of maternal deaths caused by gestational hypertension and medical complications was also lower. Given the differences in eating habits, the FA intake is lower than in the southern or northern China populations (Cui et al., 2021; Li et al., 2021). However, the frequency of homozygous mutations in the TT genotype in northern people is greater than in southern people, which reflects the complexity of gene-environment interaction, and also suggests that prompt state for a particular crowd formulates relevant preventive measures (e.g., supplemental FA) for specific populations is necessary. The influence of perinatal FAS on the prevention of NTDs in offspring has been well established; however, its effect is affected by the MTHFR C677T polymorphism (Tabatabaei et al., 2022; Parthasarathy et al., 2023). The large difference in the MTHFR gene distribution between the north and the south may be an important reason for the difference in the effectiveness of routine FAS in preventing congenital anomalies (Jiang et al., 2021). Guidelines on FAS during pregnancy for the prevention of NTDs issued by the Chinese Association of Maternal and Child Health Care and guidelines on FAS during pregnancy by the Canadian Association of Gynecologists have both proposed FAS for different MTHFR genotypes to balance the risk of excessive FAS and reduce congenital anomalies at the same time (Group MVSR, 1991; Berry et al., 1999; Hao et al., 2003; Wang et al., 2011; Anderson et al., 2013).
Our study summarized the MTHFR C677T polymorphism distribution in China, which will provide information for population genetics and future gene-disease association studies. However, there are some limitations to this study. First, due to the consideration of collecting only relatively new genetic data, the included literature was limited to publications within the last 6 years, which may result in the loss of early data from some regions. Second, the amount of MTHFR C677T polymorphism data for ethnic minorities in existing reports is too small. Given the differences in this gene polymorphism among different ethnic groups, the statistical results of T mutation genes in regions with wide geographical areas or large ethnic minority populations may be biased. Third, some studies do not make specific distinctions in the ethnic classification of the population, which makes the data for Han women in this paper imperfect. Fourth, the analysis of pregnancy-related diseases by region is flawed because of a lack of regional reporting of the incidence of pregnancy-related diseases and the causes of maternal death. As a result, the relationship between pregnancy-related disorders and the MTHFR C677T polymorphism was not accurate. Even so, this study is a summary analysis with the most comprehensive coverage and the largest sample size to date discussing the MTHFR C677T polymorphism distribution in Chinese females. The regional distribution of pregnancy-related disorders and that of the MTHFR C677T polymorphism verifies the correlation of the polymorphism with pregnancy-related disorders in women and their offspring further.
To sum up, this study shows that the MTHFR C677T polymorphism distribution in Chinese females varies significantly by geographical location, and the trend is similar to the trend of neonatal stillbirths due to pregnancy-related complications. These baseline data can be used for understanding the prevalence of MTHFR polymorphisms in Chinese females and providing human genetic data for national public health policy-making. In addition, the MTHFR C677T project should be carried out to assess the FA metabolism capacity of local women and develop individualized FA supplement measures while improving regional genetic databases to lower the possibility of congenital anomalies among offspring to achieve healthy births and healthy children.
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