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Objective: Genetic variation in the methylenetetrahydrofolate reductase (MTHFR) gene may contribute to the development of cerebral infarction (CI); however, results have been inconsistent across studies with different populations, including studies of the Chinese population. The aim of this study was to analyze the effect of MTHFR gene polymorphism on serum lipid and homocysteine levels among patients with CI in the Northwest Chinese Han population.

Patients and methods: A total of 521 CI patients and 524 non-CI controls were enrolled in the study. Polymerase chain reaction and hybridization were utilized to identify MTHFR gene polymorphisms. Multivariate logistic regression analysis was used to assess the associations of MTHFR gene polymorphism with risk of CI.

Results: Frequencies of the TT genotype and the T allele were markedly higher among CI patients than among controls. After stratifying our data by sex and age, we determined that these differences in frequency of the TT genotype and the T allele were statistically significant among participants of two different age brackets and among men, but not among women (i.e., there were no statistically significant differences between female patients and female controls). CI patients and control participants with the CT or TT genotype had significantly higher homocysteine (Hcy) levels than those with the CC genotype. Among CI patients, CT/TT carriers showed significantly lower high-density lipoprotein cholesterol (HDL-C) and apolipoprotein A-I (ApoA-I) levels as compared with CC carriers, but there was no significant difference for control participants. Multivariable logistic regression analysis showed that drinking; smoking; diabetes mellitus; levels of Hcy, direct bilirubin (DB), indirect bilirubin (IB), ApoA-I, and total protein (TP); and TT genotype were significant independent risk factors for CI.

Conclusions: The results suggested that the TT genotype of the MTHFR C677T gene polymorphism, which is associated with hyperhomocysteinemia (HHcy), might be of great clinical significance in the identification of new biomarkers for CI and in the development of individualized preventive and therapeutic strategies.
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1. Introduction

The incidence of stroke has been increasing in recent years with improvements in people's living standards and aging of the population. The 2016 Global Burden of Disease study estimated that the overall lifetime risk of stroke among the Chinese population was 39.9%, which was the highest in the world (1). Cerebral infarction (CI) is the most common cerebrovascular disease, accounting for more than 70% of all strokes (2). Early identification of risk factors and effective preventive interventions are the keys to preventing CI.

Hyperhomocysteinemia (HHcy) and abnormal blood lipids have been widely accepted as major risk factors for CI (3). Hcy is an important metabolic intermediate that occurs during metabolism of methionine and cysteine. MTHFR is a key enzyme affecting the metabolism of Hcy; MTHFR catalyzes the reduction of 5,10-methylenetetrahydrofolate to 5-methyltetrahydrofolate and provides the methyl group for Hcy in methionine synthesis (4).

The C677T polymorphism of MTHFR alters nucleotide 677 by substituting cytosine for thymine. Three genotypes can therefore be determined for this polymorphism, namely, homozygous CC, homozygous TT, and heterozygous CT (5). The presence of MTHFR variants may affect MTHFR enzyme activity. Studies have shown that individuals with the homozygous variant TT have 70% lower enzyme activity, and heterozygous variant CT carriers have 35% lower enzyme activity, compared to the wild-type CC genotype (6). The frequency of the MTHFR C677T gene mutation varies among different ethnic groups (7). A high TT genotype frequency for the MTHFR gene, of approximately 25%, occurs in the Chinese population (8). MTHFR C677T polymorphism has been shown to decrease MTHFR activity and increase Hcy concentration, subsequently resulting in an increased risk of CI (9, 10). Hcy is normally present in the plasma in low concentration; however, when normal metabolism is disturbed, Hcy levels in the body are increased. An elevated Hcy level can lead to endothelial cell damage and dysfunction, promoting the expression of inflammatory factors, which in turn promotes platelet aggregation, resulting in damage to the blood vessels, which ultimately leads to an increased risk of CI (11). Although the MTHFR C677T polymorphism is recognized as a risk factor for CI, inconsistent results have been reported in studies of Thai, Tunisian, Turkish, Zambian, and Brazilian populations (12–14). In addition, the association between MTHFR gene polymorphism and serum lipid profiles still remains undetermined. The prevalence of MTHFR C677T polymorphism varies substantially in different regions of China and in other countries around the world (15, 16). Moreover, the association between MTHFR C677T polymorphism and the risk of developing CI in Northwestern China has not been studied to date. Therefore, the aim of the present study was to investigate the role of MTHFR C677T genotypes in risk of CI in the Northwest Chinese Han population.



2. Materials and methods


2.1. Participants

From June 2019 to June 2020, a total of 521 CI patients (163 women and 361 men) and 524 controls (159 women and 365 men) were recruited for participation from the First Affiliated Hospital of Xi'an Jiao Tong University, Shaanxi, China. Electrocardiography, cardiac and carotid ultrasonography, and magnetic resonance angiography (MRA) are performed routinely for cerebral infarction patients. In the present study, CI was diagnosed based on clinical findings, physical examination, brain CT scan, and/or magnetic resonance imaging (MRI). The exclusion criteria were as follows: chronic kidney disease, infectious diseases, cardiovascular disease, autoimmune disease, malignant tumor, relevant brain lesions detected on MRI, and use of lipid-lowering drugs at the time of the study. Gender- and age-matched unrelated healthy controls were selected from the general population at the same hospital during the same period. Healthy volunteers were required to meet the following criteria: no history of abnormal neurological examination results, immunological diseases, or stroke, and no cerebrovascular disease (i.e., negative imaging studies and no history of cerebrovascular disease). This study was approved by the Ethics Committee of the First Affiliated Hospital, of Xi'an Jiao Tong University, Shaanxi, China, and informed consent was obtained from all participants.



2.2. Analysis of lipids and other parameters

Anticoagulation peripheral blood samples were collected from all enrolled participants after an overnight fast. Sera were separated immediately and measured within 2 h. The parameters measured were TC, HDL, LDL-C, TG, ApoA-I, ApoB, ApoE, DB, IB, LP(a), and TP levels.



2.3. DNA extraction and genotyping

A 2-ml venous blood sample was drawn from the antecubital vein of each participant using a standard venipuncture technique with an ethylenediaminetetraacetic acid (EDTA) tube. Genomic DNA was extracted from whole blood using DNA isolation kits (JCQ-ENH Jinan Gospel Medical Technology Co., LTD) for peripheral blood and stored at −20°C. The 677C>T polymorphism of MTHFR was analyzed using the polymerase chain reaction (PCR) method. PCR analysis was performed according to the manufacturer's instructions: 50°C for 2 min, pre-denaturation at 95°C for 15 min, followed by 45 cycles at 94°C for 30 s, and 65°C for 45 s. PCR products were then reversely hybridized with gene chip technology. Finally, genotype was analyzed using a fluorescence detector (product model: Fascan 48S, production enterprise: Xi'an Tianlong Technology Co.).



2.4. Statistical analyses

SPSS statistical software, version 21.0 for Windows, was used for data analysis. Data are presented in the form of means and standard deviations (SDs) for continuous variables and in the form of numbers and percentages for categorical variables. Student's t-tests and chi-squared tests were initially used to identify significant differences between the CI and control groups. The genotype and allele frequencies of MTHFR C677T polymorphisms were tested for Hardy–Weinberg equilibrium and compared using the chi-squared test. A multivariate logistic regression analysis was performed to examine the contributions of MTHFR 677C>T alleles and other independent risk factors to the study outcomes. The independent variables used in the simple logistic regression model include drinking; smoking; hypertension; diabetes; levels of Hcy, TG, DB, IB, ApoA, ApoB, and TP; and TT genotype. A value of p < 0.05 was considered to indicate statistical significance.




3. Results


3.1. Baseline characteristics of the CI and control groups

The baseline clinical characteristics of the CI patients (n = 521) and healthy controls (n = 524) are summarized in Table 1. This study included a total of 1,045 individuals of Northwest Han Chinese ethnicity, comprising 361 male and 163 female CI patients (mean age = 54.07 years, SD =14.50), and 365 male and 159 female control participants (mean age = 53.36 years, SD = 14.67). The age and sex distributions of the two groups did not differ significantly (p = 0.431 and 0.789, respectively). There was no statistically significant difference in the presence of diabetes (p = 0.239) or hypertension (p = 0.234), but the proportion of participants reporting smoking and drinking was significantly higher in the case group than in the control group (p < 0.001 in both cases). CI patients had higher levels of Hcy concentration, triglycerides (TG), ApoA-I, ApoB, DB, IB, and TP compared with the control group; no significant differences were found between the two groups in levels of TC, high-density lipoprotein (HDL), LDL-C, ApoE, or lipoprotein(a) (Lp[a]) (all ps > 0.05).


TABLE 1 Characteristics of the study population.
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To further explore the effects of potential confounding factors on lipid fluctuations, we performed analyses stratified by age (dichotomized into ≤ 60 and >60 years) and sex (Table 2). Among the younger group (age ≤ 60 years), serum ApoA-I, IB, DB, and total protein levels were all significantly higher among patients with CI than among the control participants (all ps < 0.001); among the older group (age > 60 years), TG and Hcy levels were significantly higher among patients with CI than among the controls (both ps < 0.05). Among men, Hcy, TG, ApoA-I, ApoB, IB, DB, and TP levels were significantly higher in patients with CI than in controls; among women, ApoA-I, IB, and TP levels were significantly higher in CI patients than in controls.


TABLE 2 Stratified analyses of lipid levels by age and sex.
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3.2. Association of MTHFRC677T with risk of CI

The genotype distributions of the MTHFR C677T gene polymorphism were in Hardy–Weinberg equilibrium in both patients and control subjects (p = 0.209 and 0.759, respectively), suggesting that the selected samples were representative (Table 3). The CT genotype (at 44.53 and 50.57% in the CI group and the control group, respectively) was the most common in both groups, followed by the TT (39.73 and 26.91%) and CC (15.74 and 22.52%) genotypes. The allele frequencies of C and T polymorphisms were 38.00 and 62.00% among the CI group and 47.81 and 52.19% among the control participants, respectively. There was a statistically significant difference between the CI group and the control group in terms of the frequencies of MTHFR C677T genotypes (χ2 = 21.18, p < 0.001) and alleles (χ2 =20.49, p < 0.001). The odds ratio (OR) for the CI group was 1.791 (95% CI = 1.379–2.324, p < 0.001) for the TT genotype and 0.643 (95% CI = 0.470–0.848, p < 0.001) for the CC genotype. The frequency of the T allele was significantly higher in CI patients than in control participants (OR = 1.494, 95% CI = 1.126–1.778, p < 0.001), and the frequency of the C allele was significantly lower (OR = 0.669, 95% CI = 0.562–0.797, p < 0.001). The results suggested that the TT genotype and T allele were significantly associated with a higher risk of CI compared with the risk among those carrying the CC genotype and C allele.


TABLE 3 The distributions of genotypes and alleles of the MTHFR C677T gene among CI patients and controls.
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To further determine the relationship between the MTHFR C677T genotype and CI, we stratified the participants based on age (dichotomized into ≤ 60 and >60 years) and sex. The results showed that the frequencies of the TT genotype and T allele were significantly higher in the CI group compared with the control group among both age groups (age ≤ 60 years: TT genotype OR = 1.706, 95% CI = 1.246–2.336, p < 0.001; T allele OR =1.398, 95% CI = 1.137–1.720, p = 0.002; age > 60 years: TT genotype OR =1.980, 95% CI = 1.238–3.168, p = 0.004; T allele OR = 1.746, 95% CI = 1.265–2.410, p = 0.001). This was also the case among men (TT genotype OR = 1.971, 95% CI = 1.445–2.689, p < 0.001; T allele OR =1.638, 95% CI = 1.328–2.022, p < 0.001), but not among women (TT genotype OR = 1.426, 95% CI = 0.878–2.314, p = 0.151; T allele OR = 1.223, 95% CI = 0.595–1.671, p = 0.206) (Table 4).


TABLE 4 Stratified analyses of the association between MTHFR C677T polymorphism and risk of CI.
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3.3. Relationships between serum lipid profile and MTHFR C677T alleles

Table 5 presents the association between serum lipid profiles and MTHFR C677T polymorphisms. Our data showed that CI patients and control participants who were CT/TT carriers had significantly higher Hcy levels than those who were CC carriers (both ps < 0.001). Among CI patients, CT/TT carriers showed significantly lower HDL-C and ApoA-I levels as compared with CC carriers, but there was no significant difference for control participants. Additionally, no significant differences between the two genotypes were observed in other blood lipid levels for CI patients or controls.


TABLE 5 Relationships between serum lipid profiles and MTHFR C677T polymorphism among CI patients and control participants.
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To investigate potential sex-specific effects, we further performed stratified analyses according to sex. Among male CI patients, CT/TT carriers had significantly higher Hcy levels than CC carriers (p < 0.05); this trend was also observed in female CI patients and in male and female controls, but in these groups, the difference did not reach statistical significance. Among female CI patients, CC carriers had significantly higher HDL-C levels than CT/TT carriers. Finally, among male control patients CT/TT carriers had higher ApoB levels and lower ApoE levels compared to CC carriers (Table 6).


TABLE 6 Stratified analyses of MTHFR C677T polymorphism and serum lipid profiles.
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3.4. Logistic regression analysis of CI risk factors

Univariate analysis showed that the traditional CI risk factors (smoking; drinking; and levels of TG, ApoA-I, ApoB, DB, IB, and total protein) were significantly associated with the presence of CI (all ps < 0.05). Furthermore, multivariate logistic regression analysis was performed to analyze the independent risk factors for CI; this analysis identified drinking (OR = 1.718, 95% CI = 1.179–2.503, p = 0.005); smoking (OR = 1.724, 95% CI = 1.239–2.399, p = 0.001); diabetes mellitus (OR = 1.504, 95% CI = 1.020–2.219, p = 0.04); Hcy (OR = 1.010, 95% CI = 1.001–1.018, p = 0.28), DB (OR = 1.086, 95% CI = 1.013–1.164, p = 0.021), IB (OR = 1.035, 95% CI = 1.002–1.070, p = 0.036), ApoA-I (OR = 4.239, 95% CI = 1.893–9.492, p < 0.001), and TP (OR = 1.025, 95% CI = 1.000–1.051, p = 0.048); and TT genotype (OR = 1.778, 95% CI = 1.218–2.596; p = 0.003) as significant independent risk factors for CI (Table 7).


TABLE 7 Logistic regression analysis of risk of CI in the population of Northwest China.
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In subgroup analyses stratified by age and sex, the results suggested that the MTHFR TT genotype was associated with a significantly increased risk of CI among participants in both age brackets (age ≤ 60 years: OR = 1.706, 95% CI = 1.246–2.336, p = 0.001; age > 60 years: OR = 2.437, 95% CI = 1.264–4.700, p = 0.008) and of both sexes (men: OR = 1.591, 95% CI = 1.023–2.474, p = 0.039; women: OR = 2.506, 95% CI = 1.162–5.406, p = 0.019) (Table 8).


TABLE 8 Multiple logistic regression analysis for CI patients and control participants.
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4. Discussion

In China, the stroke burden is expected to increase dramatically due to the growing and aging population and a trend toward increasing prevalence of risk factors (17). Despite advances in the prevention and treatment of CI, there are still few therapies that have been shown to improve outcomes after CI (18). Therefore, active investigation of the pathogenesis of CI and preventive measures against CI are of great importance. This study analyzed the relationship between genetic polymorphisms of MTHFR and CI in the Han Chinese population in Northwest China.

Numerous studies have shown that various environmental variables and genetic variations contribute to the etiology of CI (19). Previously published studies have demonstrated associations between MTHFR polymorphisms and CI, although the results have been mixed (20, 21).

The frequency of the MTHFR C677T gene mutation varies among different ethnic groups (7). The frequency of the T allele has often been reported to be high among Europeans and North Americans (with a gradient of increasing frequency from north to south) and low among East Asians and Africans; however, the opposite trend in terms of geographical gradient has been reported among Chinese populations (14, 15). There is a high frequency for the TT genotype of the MTHFR gene, of ~25%, in the Chinese population (8). In the present study, genotype CT (44.5%) was the predominant genotype among patients with CI, followed by TT (39.7%) and CC (15.7%); the corresponding frequencies among the control participants were 50.6, 26.9, and 22.5%, respectively. The T allele was the most common, occurring at frequencies of 62.0 and 52.2% among CI patients and control participants, respectively. Our results indicated that there are significant differences in the distribution of frequencies of genotypes and alleles relating to MTHFR C677T polymorphism between the Northwest Chinese Han population and the Hakka population in China (14), which also suggests that the distribution of MTHFR C677T gene polymorphisms may vary among ethnic groups and geographic regions. We also found that the TT genotype and T allele increased CI risk by 1.791- and 1.494-fold, respectively, overall. This suggests that the MTHFR TT genotype and T allele are associated with susceptibility to CI in the Northwest Chinese Han population. These results are consistent with those of previous studies (22).

MTHFR variants may affect MTHFR enzyme activity. Studies have shown that individuals with the homozygous variant (TT) have 70% lower enzyme activity and those with the heterozygous variant (CT) have 35% lower enzyme activity compared to the wild-type (CC) genotype (6). The TT genotype is commonly linked with elevated Hcy levels through reduction in the activity of MTHFR (23). In the present study, Hcy level was significantly correlated with genotype (CT/TT) of the MTHFR C677T gene polymorphism among both the control and the CI groups, which was consistent with findings in Asian, Singaporean, Malaysian, Tunisian, Chinese, and Polish populations (24–28). However, studies of Indonesian, Zambian, and Brazilian populations have found no association between MTHFR C677T polymorphism and risk of CI (29–31). After stratification by sex, no significant difference in Hcy levels was observed between CT/TT carriers and CC carriers among female CI patients. These inconsistent results might be the result of variations in participant ethnicities, detection techniques, sample sizes, research designs, and other factors. Hcy is a sulfur-containing amino acid generated by methionine metabolism; it can damage vascular endothelial cells; promote vascular smooth muscle cell proliferation, platelet aggregation, and thrombosis; and enhance coagulation (32). HHcy has been proven to be associated with cerebrovascular disease and cardiovascular disorders (33, 34). Our results showed that serum Hcy levels were significantly higher in patients with CI than in the control group, suggesting that MTHFR gene polymorphism could be an underlying genetic risk factor for HHcy.

It is well-known that many traditional risk factors, such as hypertension, smoking, drinking, and dyslipidemia, are strongly associated with increased risk of CI (35, 36). In the present study, multivariate logistic regression analysis showed that drinking, smoking, diabetes mellitus, and elevated levels of DB, IB, ApoA-I, and TP were significant independent risk factors for CI. Dyslipidemia is affected by genetic and environmental factors and by the interaction between them (37). At present, the correlation between MTHFR gene polymorphism and serum lipid profiles is still controversial in diverse ethnic groups. A previous study demonstrated that dyslipidemia caused by MTHFR C667T gene polymorphism plays a major role in prediction of ischemic stroke (38, 39). It has also been reported that, when MTHFR C677T polymorphism is detected in renal transplant patients, the C allele has a protective effect on blood lipid concentration, while the T allele has an unfavorable effect on blood lipid concentration (40). In the present study, participants with the T allele had significantly higher TC and LDL-C levels compared to those with the CC genotype. Zhang et al. showed that MTHFR 677T carriers exhibit significantly increased serum levels of TC and LDL-C (41). However, we note that not all studies have observed a significant association between these two polymorphisms and serum lipid levels. In an interesting study by Chen et al., the authors showed that MTHFR 677T carriers had significantly lower TC, LDL-C, folate, and vitamin B12 levels than those with the CC genotype (42). Another Chinese clinical study found that plasma Hcy levels and MTHFR C677T polymorphism were not related to serum lipid levels (43). These differences in findings may be related to differences in sample size and ethnicity. In the present study, among both CI patients and control participants, no significant difference between CC and CT/TT carriers was observed in TC, LDL-C, or TG levels. Previous studies have found that HHcy increases serum levels of TC and TG (44) and reduces serum levels of ApoA1 and HDL-C (45). Low HDL-C levels may increase the risk of CI by 1.8-fold and increase the risk of stroke by 1.5-fold in the Chinese population (46). Our previous research have shown that ApoA-I is a major structural and functional protein component of HDL, which plays an essential role in coronary artery disease (47). Ljunggren et al. found that low HDL-C and ApoA-I levels are associated with an increased risk of cerebrovascular disease (48). Our results showed that, among CI patients, T allele carriers had lower levels of HDL-C and ApoA-I than non-carriers of the T allele. After stratification by sex, we found that, among female CI patients, CC carriers had significantly higher HDL-C levels than CT/TT carriers.

The primary strength of this study is that this is the first study investigating the relationship between CI and MTHFR gene polymorphism in the Northwest Han Chinese population. Investigation of the association of lipid levels with MTHFR gene polymorphisms was included in the final analysis, and any potential confounding variables or comorbidities were eliminated. There were some inherent limitations to our study: (1) due to a lack of original data and the size of this retrospective investigation, it was difficult to examine potential gene–environment interactions; (2) the study's limited sample size might partially contribute to the volatility of the results; and (3) the study was conducted only in the Northwest Chinese population, and further investigation is needed to determine whether these findings will also hold in other populations.



5. Conclusions

This study suggests that the TT genotype of MTHFR is associated with CI in the Northwest Han Chinese population. Drinking; smoking; diabetes mellitus; elevated levels of Hcy, DB, IB, ApoA-I, and TP; and the TT genotype are independent risk factors for CI among patients in Northwest China. MTHFR gene polymorphism was found to be associated with CI, with this association being partly mediated by blood lipids and potentially also being mediated by non-lipid pathways. Due to the small sample size, more research with a larger sample is required to support our findings. Our research provides useful genomic data which may assist in optimizing individual preventative and therapeutic strategies.
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