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Background and objective: A considerable number of pregnant women who were supplemented with folate and vitamin B12 were selected as major participants in studying the one-carbon metabolic (OCM) pathway. Our study aimed to explore the effects of OCM-related indicators on pregnancy-induced hypertension (PIH) and preeclampsia (PE) in pregnant women with folate and vitamin B12 supplementation.

Subjects and methods: A total of 1,178 pregnant women who took multivitamin tablets containing 800 μg folate and 4 μg vitamin B12 daily from 3 months before pregnancy to 3 months after pregnancy were enrolled in this study. These pregnant women were classified into three groups: the normotensive group (n = 1,006), the PIH group (n = 131), and the PE group (n = 41). The information on age, weight, body mass index (BMI), number of embryos, gravidity, parity, and OCM-related indicators (serum level of homocysteine, folate, and vitamin B12; MTHFR C677T genotype) was collected.

Results: The accuracy of the prediction model based on the screened independent risk factors (hyperhomocysteine, OR = 1.170, 95% CI = 1.061–1.291; high folate status, OR = 1.018, 95% CI = 0.999–1.038; and high BMI, OR = 1.216, 95% CI = 1.140–1.297) for PIH in subjects with MTHFR CC genotype (AUC = 0.802) was obviously higher than that in subjects with MTHFR CT, TT genotype (AUC = 0.684,0.685, respectively) by receiver operating characteristic curve analysis. The homocysteine level of the PIH group was significantly higher than that of the normotensive group only in subjects with the MTHFR CC genotype (p = 0.005). A negative correlation between homocysteine and folate appeared in subjects with MTHFR CT + TT genotype (p = 0.005). A model including multiple embryos, nulliparas, and lower folate could predict the process from PIH to PE (AUC = 0.781, p < 0.0001).

Conclusion: The prediction model composed of homocysteine, folate, and BMI for PIH was suitable for subjects with MTHFR CC genotype in pregnant women with supplementation of folate and vitamin B12. Lower folate levels could be an independent risk factor in developing the process from PIH to PE.
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Introduction

More than 10% of pregnant women suffered from hypertensive disorders due to pregnancy (HDP). The incidence of HDP has increased by 20% in the recent 20 years caused by the increases in obesity and pregnancy comorbidities, such as gestational diabetes and hyperlipidemia. Although diagnostic criteria of hypertension in the general population was revised by the American College of Cardiology/American Heart Association in 2017, pregnancy-induced hypertension (PIH) was still defined as systolic blood pressure (SBP) ≥140 mmHg and/or diastolic blood pressure (DBP) ≥90 mmHg, measured on two separate occasions. Approximately 25 to 50% of pregnant women with PIH would eventually develop into preeclampsia (PE). The classic triad of signs and symptoms of PE were hypertension, edema, and proteinuria, which were also used as the diagnostic bases of PE (1, 2).

Hypertensive disorders due to pregnancy might cause serious consequences for both the pregnant woman and the fetus. Pregnant women with HDP have a higher incidence of cesarean, premature birth, low-birth-weight infant, admission to neonatal ward, and newborn perinatal death. HDP was associated with increased maternal morbidity and mortality, predominantly because of maternal stroke and increased risk of developing cardiovascular disease (CVD) in pregnant women later in life. Multiple hormonal, vascular, and metabolic mechanisms had been proposed to explain the pathological process of hypertensive diseases during pregnancy. The most studied risk factors of HDP included mothers greater than 35 years of age, obesity before pregnancy, excess weight gain during pregnancy, gestational diabetes, family history of hypertension, and genetics. However, the accuracy of these HDP risk factors remained in doubt, and there was still a lack of an effective model for predicting HDP (3).

Homocysteine (HCY), a nonessential amino acid containing sulfur, had been proven to play an important role in the pathophysiology process of hypertension. The demethylation of methionine produced homocysteine. Hyperhomocysteinemia was caused by various environmental factors which induced a deficiency of folate, vitamin B12, and vitamin B6. It had been reported that hyperhomocysteinemia was related to 24-h systolic and diastolic blood pressure values. Mechanisms of the contribution of hyperhomocysteinemia to the development of hypertension could include the stimulation of smooth muscle cell proliferation, injury of vascular endothelium, inducing vascular oxidative stress, and reducing vascular elastic compliance by lowering the ratio of the vascular elastin/collagen (4). There is mounting evidence that hyperhomocysteinemia was involved in this pathological process of essential hypertension. Also, hyperhomocysteinemia was gradually recognized as a predictive marker for PIH and PE occurrence (5, 6).

Homocysteine was an important intermediate product in the one-carbon metabolic (OCM) pathway and other participants in this pathway could influence the circulating concentration of homocysteine (7, 8). 5-Methyltetrahydrofolate (5-MTHF) was the major form of folate in the human body and served as a substrate in the metabolic transformation of homocysteine to methionine via methionine synthase (MTR). Methionine is converted to S-adenosylmethionine (SAM) in the liver by methionine adenosyltransferase (MAT). SAM supplied methyl donors for methylation that played a pivotal role in biochemical reactions involved in multiple pathophysiological processes. Vitamin B12 took part in the re-methylation process of homocysteine to methionine catalyzed by MTR as an intermediate methyl carrier. Suitable intake and serum concentration of folate and vitamin B12 were necessary to maintain the normal concentration of homocysteine (9, 10).

Genetic polymorphisms of metabolizing enzymes related to the OCM pathway might impact the conversion of homocysteine to methionine and be associated with circulating homocysteine concentrations. Methylenetetrahydrofolate reductase (MTHFR) was the key enzyme of OCM and converted 5,10- methylenetetrahydrofolate (5,10-CH2-THF) to 5-MTHF, which was the active form of folate and participated in the remethylation of homocysteine to methionine as a methyl donor (11, 12). MTHFR C677T polymorphism was a functional site, which was associated with the incidence of PIH and PE in many previous studies (13–15).

The low folate level in pregnancy was due to increased requirements, insufficient folic acid intake, and increased loss. In obstetric clinical practice, a considerable number of pregnant women were supplemented with folate and vitamin B12 using compound vitamin supplements aimed to prevent maternal and fetal complications such as anemia, abortion, premature delivery, and fetal neural tube malformation. The effects of folate and vitamin B12 supplementation on interrelation among OCM-related indicators remained unclear. This study aimed to explore the impact of OCM indicators on PIH and PE in Chinese Han women with folate and vitamin B12 supplementation by real-world data (RWD) analysis.



Subjects and methods


Study design and participants

Pregnant women who underwent physical examination, and genotyping of MTHFR C677T and gave birth in the International Peace Maternity and Child Health Hospital (IPMCH) of China welfare institute from June 2018 to August 2021 were included in this study. All pregnant women took multivitamin tablets (Menevit, Bayer company, Leverkusen, Germany) containing 800 μg folate and 4 μg vitamin B12 daily from 3 months before pregnancy to 3 months after pregnancy. At present, multiple varieties of multivitamin drugs were used clinically. However, the contents of various vitamins in these drugs are different which could lead to confused and difficult to interpret test results. Therefore, all the pregnant women took the same multivitamin tablet contained 800 μg folate and 4 μg vitamin B12 daily were selected as the subjects of this study. The case-control study design was applied using real-world data (RWD) of all subjects meeting the inclusion criteria and exclusion criteria: 85.40% (n = 1,006) of cases had normal blood pressure; 11.12% (n = 131) of cases had PIH; 3.48% (n = 41) of cases had PE. All participants signed an informed consent form.

Pregnancy-induced hypertension was defined as systolic blood pressure (SBP) ≥140 mmHg and/or a diastolic blood pressure (DBP) ≥90 mmHg after 20 weeks of gestation, which returned to normal 12 weeks after delivery; proteinuria was negative. PE was defined as systolic blood pressure (SBP) ≥140 mmHg and/or a diastolic blood pressure (DBP) ≥90 mmHg after 20 weeks of gestation; 24-h proteinuria was more than 0.3 g/day or random proteinuria was positive. When proteinuria was negative, any of the following occurred: decreased platelet count (<100 × 109/L); liver function damage (serum transaminase level more than two times the upper limit of normal); impaired renal function (serum creatinine level more than two times the upper limit of normal, or beyond 1.1 mg/dL); pulmonary edema; new occurrence of central nervous system abnormalities or visual impairment.

The inclusion criteria were as follows:


(1)Women of childbearing age of over 18 years.

(2)Genetic testing of MTHFR 677TT polymorphism.

(3)Folate and vitamin B12 supplementation was carried out.

(4)Serum levels of vitamin B12, folate, and homocysteine were detected at 10–14 weeks of gestation.

(5)The whole process of prenatal examination, including blood pressure monitoring, was performed in IPMCH.



Exclusive criteria:


(1)Pre-existing hypertension before pregnancy.

(2)Secondary hypertension: hypertension caused by kidney disease, aldosteronism, pheochromocytoma, etc.

(3)History of chronic kidney disease.

(4)History of dysfunction of important organs such as the heart, lungs, liver, and kidney.

(5)Severe anemia (hemoglobin <60 g/L).

(6)Pregnant women with malignant tumors.

(7)Serious infections.






Data collection

One-carbon metabolic-related indicators, including serum levels of vitamin B12, folate, homocysteine, and MTHFR C677T genotype were retrieved and sorted out from the maternal database of IPMCH. Clinical parameters of enrolled subjects were collected, including age, weight, body mass index (BMI), number of embryos, gravidity, and parity.

Serological index detection: The timing of sampling of serum level of homocysteine, folate, and vitamin B12 was 3 months after pregnancy. PIH was defined as systolic blood pressure (SBP) ≥140 mmHg and/or diastolic blood pressure (DBP) ≥90 mmHg after 20 weeks (5 months) after pregnancy. The present study explored whether these indicators can be used as predictive risk factors for PIH. Serum homocysteine level was detected using the Beckman Coulter automatic biochemical analyzer (Beckman Coulter, Inc., Brea, CA, USA). Serum vitamin B12 and folate levels were determined with the chemiluminescence method using an ARCHITECT C16000 automatic biochemical analyzer (Abbott Laboratories, Chicago, IL, USA).

Genotyping of MTHFR C677T polymorphism: A total of 2 ml of human peripheral blood samples were collected and put into an EDTA-treated anticoagulant tube. Samples were genotyped according to the protocol of the MTHFR (C677T) gene detection kit (Shanghai BaiO Technology Co., Ltd., Shanghai, China).



Data analysis

SPSS 26.0 software package (IBM Corporation, Armonk, NY, USA) and Graphpad prism8 (GraphPad Software, San Diego, CA, USA) were used for statistical analysis and mapping. Measurement data were expressed as [image: image] ± s. The groups were compared using a t-test or One-way analysis of variance (ANOVA). The counting data were expressed in terms of frequency and percentage. χ2 test was used to compare ratios between groups. Risk factors were analyzed by binary logistic linear regression analysis. Receiver operating characteristic (ROC) curve analysis was utilized to evaluate the accuracy of the prediction model. Pearson correlation analysis was used to analyze the relationship between variables. For all analyses, two-sided p-values of ≤0.05 were considered significant.



Results


Description of each parameter of OCM

For all the subjects, serum folate concentration was 37.34 ± 11.11 nmol/L, which was a normal high value (7.0–46.4 nmol/L); serum vitamin B12 concentration was 389.8 ± 165.5 pmol/L, which was normal median value (138–652 pmol/L); serum homocysteine concentration was 4.315 ± 1.623 μmol/L, which was normal low value (0–15 μmol/L). The frequency of MTHFR CC, CT, and TT genotypes was 30.22, 48.56, and 21.22%, respectively.



Univariate analysis of factors influencing the incidence of PIH and PE

The weight and BMI of the PIH group and the PE group were significantly higher than those of the normotensive group, and there was no significant difference in weight and BMI between the PIH group and the PE group. There was no significant difference in age, number of embryos, gravidity, and parity among the three groups. Serum vitamin B12 concentration decreased in turn in the normotensive, PIH, and PE groups with a marginal statistical difference (p = 0.0540). The serum vitamin B12 concentration of the PE group was significantly lower than that of the normotensive group (p = 0.0323). The serum folate concentration in the PIH group was the highest, in the normotensive group, the serum folate concentration was higher and in the PE group, it was the lowest, and there were significant differences (p < 0.0001). There was a significant difference between serum homocysteine concentrations among the normotensive group, the PIH group, and the PE group (p = 0.0222). No significant associations were observed between the MTHFR C677T genotype and the incidence of PIH or PE (p = 0.9577, 0.8625, respectively) (Table 1).


TABLE 1    Comparison of general information, serum parameters, and MTHFR C677T genotype of three groups of research subjects.

[image: Table 1]




Establishment and internal validation of prediction model for PIH

Respective impact of 10 potential risk factors including age, weight, BMI, number of embryos, gravidity, parity, serum levels of vitamin B12, folate, homocysteine, and MTHFR C677T genotype, on the incidence of PIH were assessed by binary logistic linear regression analysis based on Enter method for the variable introduction. High Serum homocysteine level was a statistically significant risk factor for PIH (p = 0.002, OR = 1.169, 95% CI = 1.058–1.291), while BMI and serum folate concentration had marginal statistical differences as risk factors for PIH (p = 0.083, 0.054, respectively) (Table 2).


TABLE 2    Influence of general information and OCM-related indicators on PIH incidence based on logistic linear regression analysis*.

[image: Table 2]


Serum homocysteine concentration (OR = 1.170, 95% CI = 1.061–1.291), serum folate concentration (OR = 1.018, 95% CI = 0.999–1.038), and BMI (OR = 1.216, 95% CI = 1.140–1.297) were screened out and formed into a prediction model of PIH by logistic linear regression analysis based on the Forward–Wald method for variable introduction (p < 0.001). Model internal validation was made in subjects with MTHFR CC, CT, and TT genotypes, respectively. BMI was a statistically significant variable in the three subgroups with different MTHFR C677T genotypes. However, serum homocysteine and folate concentration was the only statistically significant variable in the subgroup with the MTHFR CC genotype (Table 3).


TABLE 3    Establishment and internal validation of prediction model for pregnancy induced hypertension based on logistic linear regression analysis (n = 1,137).

[image: Table 3]


Receiver operating characteristic (ROC) curve analysis was utilized to evaluate the accuracy of a prediction model for PIH (Figure 1). For subjects of the normotensive group and the PIH group, the AUC of the prediction model was 0.711; the maximum value of its Youden index is 0.337; the sensitivity is 59.2%; the specificity is 74.4%. In the CC subgroup, the AUC of the prediction model was 0.802; the maximum value of its Youden index is 0.467; the sensitivity is 55.9%; the specificity is 90.8%. In the CT subgroup, the AUC of the prediction model was 0.684; the maximum value of its Youden index is 0.361; the sensitivity is 86.3%; the specificity is 49.8%. In the TT subgroup, the AUC of the prediction model was 0.685; the maximum value of its Youden index is 0.348; the sensitivity is 64.3%; the specificity is 70.5%. Therefore, the prediction model with homocysteine, folate, and BMI for PIH was more suitable for subjects with the MTHFR CC genotype.


[image: image]

FIGURE 1
Evaluate the accuracy of the PIH prediction model including BMI and serum concentration of folate and homocysteine using receiver operating characteristic (ROC) curve analysis. (A) For All of the subjects, the area under the curve (AUC) of the prediction model, BMI, serum homocysteine concentration, and serum folate concentration was 0.711 (95% CI = 0.663–0.758, p < 0.0001), 0.664 (95% CI = 0.611–0.716, p < 0.0001), 0.554 (95% CI = 0.494–0.615, p = 0.059), and 0.580 (95% CI = 0.521–0.639, p = 0.006), respectively. (B) For the subgroup of subjects with MTHFR CC genotype, the AUC of the prediction model, BMI, serum homocysteine concentration, and serum folate concentration was 0.802 (95% CI = 0.725–0.878, p < 0.0001), 0.737 (95% CI = 0.652–0.821, p < 0.0001), 0.606 (95% CI = 0.498–0.713, p = 0.044), and 0.617 (95% CI = 0.513–0.720, p = 0.026), respectively. (C) For the subgroup of subjects with MTHFR CT genotype, the AUC of the prediction model, BMI, serum homocysteine concentration, and serum folate concentration was 0.684 (95% CI = 0.615–0.754, p < 0.0001), 0.638 (95% CI = 0.562–0.715, p = 0.001), 0.489 (95% CI = 0.398–0.579, p = 0.792), and 0.565 (95% CI = 0.479–0.651, p = 0.127), respectively. (D) For the subgroup of subjects with MTHFR TT genotype, the AUC of the prediction model, BMI, serum homocysteine concentration, and serum folate concentration was 0.685 (95% CI = 0.587–0.783, p = 0.002), 0.628 (95% CI = 0.514–0.742, p = 0.001), 0.609 (95% CI = 0.500–0.717, p = 0.063), and 0.449 (95% CI = 0.326–0.651, p = 0.573), respectively.




Association between MTHFR C677T genotype and serum levels of folate, homocysteine, BMI

Serum homocysteine levels of subjects with MTHFR CC, CT, and TT genotypes were 4.090 ± 1.545, 4.210 ± 1.503, and 4.773 ± 1.903 μmol/L, respectively, and there was a significant difference among the three subgroups (p < 0.0001) (Figure 2A). Serum homocysteine levels of the PIH group were higher than that of the normotensive group in the CC subgroup (p = 0.0005); no significant difference in homocysteine levels was observed in the CT and TT subgroup (p = 0.7120, 0.5324, respectively) (Figure 3A).


[image: image]

FIGURE 2
Association between MTHFR C677T genotype and serum homocysteine concentration, serum folate concentration, and BMI. (A) Association between MTHFR C677T genotype and serum homocysteine concentration. (B) Association between MTHFR C677T genotype and serum folate concentration. (C) Association between MTHFR C677T genotype and BMI.



[image: image]

FIGURE 3
Compare the differences in serum homocysteine concentration, serum concentration, and BMI between the normotensive pregnancy group and PIH group in subgroups carrying different MTHFR C677T genotypes. (A) Compare the differences in serum homocysteine concentration between the normotensive pregnancy group and PIH group in subgroups carrying different MTHFR CC, CT, and TT genotypes, respectively. (B) Compare the differences in serum folate concentration between the normotensive pregnancy group and PIH group in subgroups carrying different MTHFR CC, CT, and TT genotypes, respectively. (C) Compare the differences in BMI between the normotensive pregnancy group and PIH group in subgroups carrying different MTHFR CC, CT, and TT genotype, respectively.


Serum folate levels of subjects with MTHFR CC, CT, and TT genotypes were 37.20 ± 10.36, 37.56 ± 11.34, and 38.04 ± 11.87 mmol/L, respectively, and there was no significant difference among the three subgroups (p = 0.3661) (Figure 2B). Serum folate levels of the PIH group were higher than that of the normotensive group in the CC and CT subgroup (p = 0.0093, 0.0103, respectively); no significant difference in folate levels was observed in the TT subgroup (p = 0.2616) (Figure 3B).

The body mass index of subjects with MTHFR CC, CT, and TT genotypes were 21.70 ± 3.540, 21.31 ± 2.668, and 20.97 ± 3.305, respectively, and there were significant differences among three subgroups (p = 0.0079) (Figure 2C). The BMI of the PIH group was higher than that of the normotensive group in all three subgroups (p < 0.0001, p = 0.0013, and 0.0141, respectively) (Figure 3C).



Correlations between vitamin B12, homocysteine, folate, and BMI in subjects with different MTHFR C677T genotype

A negative correlation between BMI and serum vitamin B12 concentration appeared in both CC and CT + TT subgroups QQ(p = 0.008, < 0.001, respectively). A positive correlation between vitamin B12 and folate level was found in both CC and CT + TT subgroups (p = 0.047, 0.001, respectively). A negative correlation between folate and homocysteine concentration only was observed in the CT + TT subgroup (p = 0.005), while there was no correlation between folate and homocysteine concentration in the CC subgroup (p = 0.215) (Supplementary Table 1).



Establishment prediction model for PE in pregnant women with PIH

Respective impact of 10 potential risk factors including age, weight, BMI, number of embryos, gravidity, parity, serum levels of vitamin B12, folate, homocysteine, and MTHFR C677T genotype, on the incidence of PE were assessed by binary logistic linear regression analysis based on Enter method for the variable introduction. The number of embryos (p = 0.005, OR = 6.369, 95% CI = 1.728–23.471) was a statistically significant risk factor for PE; while gravidity (p = 0.012, OR = 0.413, 95% CI = 0.207–0.822), serum folate concentration (p = 0.028, OR = 0.944, 95% CI = 0.896–0.994) were statistically significant protective factors for PE (Supplementary Table 2).

The AUC of the prediction model for PE including the number of embryos, gravidity, and serum folate concentration was 0.781 (p < 0.0001) using ROC curve analysis. The maximum value of its Youden index is 0.536, the sensitivity is 97%, and the specificity is 56.6% (Supplementary Figure 1).




Discussion

Real world data of 1,178 pregnant women undergoing genotyping of MTHFR C677T and supplementation of folate and vitamin B12 in our hospital were incorporated into this study. OCM-related indicators presented high folate, median vitamin B12, and low homocysteine status; the gene distribution of MTHFR C677T was consistent with previous studies performed in the Chinese Han population (13). A total of 11.12% of subjects (131 cases) suffered from PIH; the incidence rate of PE was 3.48% (41 cases). The general information [age, weight, body mass index (BMI), number of embryos, gravidity, and parity] and OCM-related indicators (serum levels of vitamin B12, folate, homocysteine, and MTHFR C677T genotype) were included in the logistic linear regression analysis for screening the risk factor of PIH. A model consisting of serum homocysteine, folate concentration, and BMI was established for predicting PIH. In a study on the modeling of new-onset hypertension in the Chinese Han population, 22 indexes, including general information, complete blood count, biochemical test, and homocysteine were analyzed as potential risk factors of PIH. Seven indexes were screened as independent risk factors by binary logistic regression and the equation was as follows: Y = (−5.855) + 0.590 (cystatin C)–0.766 (globulin) + 0.591 (uric acid) + 0.399 (BMI) + 0.305 (age) + 0.332 (homocysteine) + 0.526 (total bile acid) (16). Homocysteine and BMI were also incorporated into the model for predicting new-onset hypertension. Our results were in accordance with this study. However, other OCM-related indicators which might influence homocysteine levels were not analyzed in this study. As we know, folate and vitamin B12 were major participants of OCM and the supplementation of folate and vitamin B12 might change the interrelation among OCM-related indicators and their effects on PIH incidence. In the present study, we first explored the prediction model for PIH using OCM-related indicators in the Chinese Han population with supplementation of folate and vitamin B12.

The impact of high serum homocysteine, folate level, and BMI on PIH incidence had been well documented. Hyperhomocysteine was a key risk factor for hypertension in the Chinese Han population. A case-control study enrolled 59 cases of PIH and 60 cases of normal late pregnancy and showed that serum homocysteine levels of the PIH group were significantly higher than that of the normal pregnancy group and there were no statistical differences in the level of folate and vitamin B12 between the two groups (17). This suggested that homocysteine metabolism might play an important role in the pathological mechanism of PIH; there was no direct evidence that folate and vitamin B12 were related to PIH. Cases of this study did not receive the intervention of folate and vitamin B12 supplements. High serum folate levels were associated with PIH incidence in univariate and multivariate analyses in our study. Jankovic-Karasoulos et al. (7) demonstrated that pregnant women supplemented with folate increased circulating folate and vitamin B12 levels compared with those who did not supplement; and serum folate levels were higher in women who developed gestational hypertension (GHT) and gestational diabetes mellitus (GDM) compared with those with uncomplicated pregnancies. Liu et al. (18) probed into the relationship between prepregnancy BMI and the risk of PIH in a large sample study that included 83,159 Chinese pregnant women. The PIH incidence was 11.01%. The incidence of PIH among pregnant women with BMI <18.5, 18.5–22.9, 23.0–24.9, and ≥25.0 kg/m2 were 9.08, 10.82, 14.63, and 19.00%, respectively, the difference was significant. High prepregnancy BMI might increase the risk of developing PIH in pregnant women.

Methylenetetrahydrofolate reductase was an essential enzyme that influenced the relationship between folate intake and homocysteine serum level. MTHFR C677T polymorphism (rs 1801133) was the most commonly reported genotype associated with the phenotype of homocysteine serum level. A base substitution (C→T) at position 677 of the MTHFR gene resulted in an alanine to valine substitution and reduced enzyme activity, which led to low folate concentration and high homocysteine concentration in serum, especially in the circumstances of folate insufficiency (11, 19). In the present study, there was no significant difference in the incidence of PIH among the three groups with MTHFR C677T CC, CT, and TT genotypes, and the MTHFR C677T genotype was not the risk factor of PIH based on logistic linear regression analysis. The associations of the MTHFR C677T genotype with PIH remained controversial. A meta-analysis from 114 studies with 15,411 cases and 21,970 controls showed that the C677T polymorphism was significantly associated with PIH in the overall subjects and hierarchical analysis by ethnicity revealed that this association existed in Asians and Caucasians, but not in Latinos, Black Africans, and Indians and Sri Lankans (13). Hernández-Díaz et al. (20) compared the prevalence of the 677TT/CT genotypes between 54 cases with PIH and 100 controls with normal blood pressure in the US and Canadian white women population. This study found that maternal MTHFR C677T polymorphism may be associated with a moderately increased risk of PIH, and this association may be diminished among women supplemented with folic acid during the first 5 months of pregnancy. No association between MTHFR C677T genotype and PIH incidence in our study might due partly to suitable supplementation of folate.

Furthermore, the hierarchical analysis according to the MTHFR C677T genotype was made to observe the effect of OCM-related indicators and BMI on PIH. The accuracy of the prediction model with homocysteine, folate, and BMI for PIH in subjects with MTHFR CC genotype (AUC: 0.802) was obviously higher than that in subjects with MTHFR CT, TT genotype (AUC: 0.684,0.685, respectively). MTHFR C677T genotype had a complex influence on all three factors in the prediction model. Kim et al. (21) explored the effects of the interaction between MTHFR polymorphism and serum B vitamins on homocysteine levels in pregnant women without medication intervention. Serum homocysteine level was higher in women with the MTHFR TT genotype than those with MTHFR CT and TT genotype. A negative correlation between serum homocysteine and folate was observed in all MTHFR genotypes, especially in women with the TT genotype. Serum folate level and MTHFR C677T genotype were the determinants for homocysteine levels (22). Association between MTHFR gene polymorphisms and BMI had been confirmed in several studies (23). Su et al. (24) found a predominant association between MTHFR C677T and weight gain after risperidone antipsychotic treatment. After a 6-week treatment of risperidone treatment, the BMI increase rate of subjects with the MTHFR CC, CT genotype was significantly higher than that of the MTHFR TT genotype. The impact of the MTHFR C677T genotype on serum homocysteine level and BMI has also been observed in our study, indicating that all three factors in the model had a significant predictive value of PIH only in women who carried the CC genotype.

We investigated the correlations between vitamin B12, homocysteine, folate, and BMI in subjects with different MTHFR C677T genotypes, which might be the characteristic features of pregnant women supplemented with folate and vitamin B12 and affected the occurrence of PIH. A negative correlation between folate and homocysteine concentration only was observed in the CT + TT subgroup. Folate intake and serum folate level were the main factors influencing homocysteine concentration besides genetic, health, and lifestyle factors in the general population and pregnant women. Chaudhry et al. (25) investigated influencing factors of the homocysteine level of pregnant women, particularly in a folate-supplemented population. Folate concentration was linearly correlated with the dose when the folate supplement dose is less than 1 mg. There was no correlation between serum folate and serum homocysteine in subjects with CC/CT genotypes, whereas serum folate and serum homocysteine demonstrated a steep negative slope-shaped association in subjects with TT genotypes. Therefore, it can be inferred that MTHFR 677C > T genotype modified the effect of serum folate on serum homocysteine in the folate-supplemented pregnant women.

Although a positive correlation between vitamin B12 and folate levels was found in both CC and CT + TT subgroups of our research object, the PIH group had high folate and low vitamin B12 levels compared to the normotensive pregnancy group. A UK prospective multicenter study (n = 4,746) showed that B12 insufficiency and folate excess were common in early pregnancy. Folate supplementation led to high unmetabolized folate serum levels. Unmetabolized folate increased intracellular ATP accumulation and reduced glucose uptake by muscle cells mediated by insulin, which resulted in higher insulin resistance. Insulin resistance was closely related to hypertension (26). A high folate/low B12 led to a functional folate deficiency and impaired re-methylation of homocysteine. Vitamin B12 deficiency could also aggravate insulin resistance by impairing the conversion of methylmalonyl-CoA to succinyl-CoA (27). Thus, high folate/low B12 caused PIH through a variety of mechanisms.

Positive feedback interaction between Vitamin B12 and BMI had been reported. Allin et al. (28) found an association between decreased serum vitamin B12 and increased BMI, and a 20% decrease in serum vitamin B12 brought about a 0.09 kg/m2 increase in BMI by instrumental variable regression. FUT2 might partially explain the effect of serum vitamin B12 on BMI through its regulation of the interaction between intestinal flora and host. A meta-analysis demonstrated a possible significant inverse correlation between prepregnancy BMI and levels of micronutrients, including vitamin B12 (29). A negative correlation between BMI and vitamin B12 also appeared in the present study. Although no significant effect of vitamin B12 on PIH was observed in our data, vitamin B12 is also an important participant in the pathological process by statistical or biological correlation of folate, BMI, and insulin resistance. The impact of vitamin B12 on PIH incidence should be explored in a further prospective randomized controlled study.

According to some reports and our data, the most extraordinary discovery in pregnant women with folate and vitamin B12 supplementation of our study was that model with homocysteine, folate, and BMI for PIH was available to predict the incidence of PIH in subjects with MTHFR CC genotype (AUC: 0.802), but not in subjects with MTHFR CT and TT genotype (AUC < 0.7). Our hypothesis for the results observed was that folate and vitamin B12 supplementation could change the original association mode between OCM-related indicators, which impact the incidence of PIH: the association between MTHFR C677T polymorphism and PIH might be diminished by folate supplementation. The disappearance of the impact of OCM-related indicators on PIH in the CT + TT subgroup could be that high serum folate and homocysteine levels were both associated with PIH incidence and a negative correlation between folate and homocysteine concentration was observed in the CT + TT subgroup in pregnant women with folate supplementation; a positive correlation between vitamin B12 and folate level was found in both CC and CT + TT subgroups of our research object.

Preeclampsia was a serious stage of HDP and increased risk of maternal and neonatal mortality. Also, women with a PE history had an increased risk of cardiovascular disease later in life compared with normotensive pregnant women. Preventing the incidence of PE in women with PIH could be an effective measure to reduce the harm of HDP. Our data demonstrate that multiple embryos, nulliparas, and lower folate serum levels were risk factors in the developing process from PIH to PE based on logistic linear regression analysis. Multiple births and first pregnancy were generally recognized to increase the risk of preeclampsia (30, 31). Two randomized clinical trials confirmed that early (3 months before pregnancy) and high dose (4.0 mg/day) folate supplement reduced recurrent PE, and high dose folate supplementation in later pregnancy (beyond the first trimester) could not prevent PE (32, 33). Vitamin B12 decreased gradually in the normotensive pregnancy group, the PIH group, and the PE group. Kharb et al. (34) suggested that vitamin B12 deficiency might be a risk factor for PE and future risk of cardiovascular risk.

The main strength of our study was to explore the impact of OCM pathway-related indicators on pregnancy-induced hypertension diseases using real-world data. There was a great difference in the number of cases between the normotensive pregnancy group (n = 1,006) and the PIH group (n = 131). The incidence rate of PIH (11.12%) was close to real-world clinical practice. In this event, the matched-group design could lead to uncontrollable bias for this type of research (35). All data of the normotensive pregnancy group were involved in the result analysis in the present study. The results of this study were from actual clinical situations and were ready to be applied.

This study had several limitations. First, the impact of single OCM-related indicators on PIH and PE in pregnant women supplemented with vitamin B12 and folate should be further confirmed by prospective, randomized, and controlled studies. Second, multicenter data should be collected to clarify the extrapolation of this study’s experimental conclusions. Third, mechanism research of changes in OCM mediated by folate and vitamin B12 should be made in future research.

In conclusion, there were complex interactions between related indicators of OCM, including serum levels of vitamin B12, folate, homocysteine, and MTHFR C677T genotype. The prediction model composed of homocysteine, folate, and BMI for PIH was more suitable for subjects with MTHFR CC genotype in pregnant women with supplementation of folate and vitamin B12. Lower folate levels could be an independent risk factor in developing the process from PIH to PE.



Data availability statement

The original contributions presented in this study are included in the article/Supplementary materials, further inquiries can be directed to the corresponding authors.



Ethics statement

The studies involving human participants were reviewed and approved by Ethics Committee of IPMCH. The patients/participants provided their written informed consent to participate in this study.



Author contributions

XZ and YW designed this research. YZ, CG, YL, JW, and LS collected the clinical data. XZ and YZ interpreted data. JF performed statistical analysis and mapping. XZ and JF wrote the manuscripts. All authors contributed to editing and reviewing the manuscript.



Acknowledgments

Research projects on pharmaceutical administration and rational use of drugs related to new coronavirus infectious pneumonia, School of Medicine, Shanghai Jiao Tong University (JDYX2020KYZX007 to XZ), and Youth Medical Talents-Clinical Pharmacist Program, Shanghai, “Rising Stars of Medical Talent” Youth Development Program (to XZ) sponsored our project. The authors extended their thanks to the information department of IPMCH for its help in collecting the data.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fnut.2022.950014/full#supplementary-material



References

1. Antza C, Cifkova R, Kotsis V. Hypertensive complications of pregnancy: a clinical overview. Metabolism. (2018) 86:102–11. doi: 10.1016/j.metabol.2017.11.011

2. Folk DM. Hypertensive disorders of pregnancy: overview and current recommendations. J Midwifery Womens Health. (2018) 63:289–300. doi: 10.1111/jmwh.12725

3. Agrawal A, Wenger NK. Hypertension during pregnancy. Curr Hypertens Rep. (2020) 22:64. doi: 10.1007/s11906-020-01070-0

4. Rodrigo R, Passalacqua W, Araya J, Orellana M, Rivera G. Homocysteine and essential hypertension. J Clin Pharmacol. (2003) 43:1299–306. doi: 10.1177/0091270003258190

5. Steegers-Theunissen RP, Van Iersel CA, Peer PG, Nelen WL, Steegers EA. Hyperhomocysteinemia, pregnancy complications, and the timing of investigation. Obstet Gynecol. (2004) 104:336–43. doi: 10.1097/01.AOG.0000129955.47943.2a

6. Maru L, Verma M, Jinsiwale N. Homocysteine as predictive marker for pregnancy-induced hypertension-a comparative study of homocysteine levels in normal versus patients of PIH and its complications. J Obstet Gynaecol India. (2016) 66:167–71. doi: 10.1007/s13224-015-0832-4

7. Jankovic-Karasoulos T, Furness DL, Leemaqz SY, Dekker GA, Grzeskowiak LE, Grieger JA, et al. Maternal folate, one-carbon metabolism and pregnancy outcomes. Matern Child Nutr. (2021) 17:e13064. doi: 10.1111/mcn.13064

8. Olapeju B, Ahmed S, Hong X, Wang G, Summers A, Cheng TL, et al. Maternal hypertensive disorders in pregnancy and postpartum plasma B vitamin and homocysteine profiles in a high-risk multiethnic U.S., population. J Womens Health (Larchmt). (2020) 29:1520–9. doi: 10.1089/jwh.2020.8420

9. McNulty H, Strain JJ, Hughes CF, Pentieva K, Ward M. Evidence of a role for one-carbon metabolism in blood pressure: can B vitamin intervention address the genetic risk of hypertension owing to a common folate polymorphism? Curr Dev Nutr. (2019) 4:nzz102. doi: 10.1093/cdn/nzz102

10. Mahmood S, Younas H, Younus A, Nathenial S. A narrative review on the role of folate-mediated one-carbon metabolism and its associated gene polymorphisms in posing risk to preeclampsia. Clin Exp Hypertens. (2021) 43:487–504. doi: 10.1080/10641963.2021.1916942

11. Raghubeer S, Matsha TE. Methylenetetrahydrofolate (MTHFR), the one-carbon cycle, and cardiovascular risks. Nutrients. (2021) 13:4562. doi: 10.3390/nu13124562

12. Meng H, Huang S, Yang Y, He X, Fei L, Xing Y. Association between MTHFR polymorphisms and the risk of essential hypertension: an updated meta-analysis. Front Genet. (2021) 12:698590. doi: 10.3389/fgene.2021.698590

13. Yang B, Fan S, Zhi X, Li Y, Liu Y, Wang D, et al. Associations of MTHFR gene polymorphisms with hypertension and hypertension in pregnancy: a meta-analysis from 114 studies with 15411 cases and 21970 controls. PLoS One. (2014) 9:e87497. doi: 10.1371/journal.pone.0087497

14. Osunkalu VO, Taiwo IA, Makwe CC, Quao RA. Methylene tetrahydrofolate reductase and methionine synthase gene polymorphisms as genetic determinants of pre-eclampsia. Pregnancy Hypertens. (2020) 20:7–13. doi: 10.1016/j.preghy.2020.02.001

15. Ding G, Li Y, Gao J, Wang W, Wang H, Bai G. Associations between AGT, MTHFR, and VEGF gene polymorphisms and preeclampsia in the Chinese population. Placenta. (2022) 118:38–45. doi: 10.1016/j.placenta.2022.01.004

16. Hou Y, Yun L, Zhang L, Lin J, Xu R. A risk factor-based predictive model for new-onset hypertension during pregnancy in Chinese Han women. BMC Cardiovasc Disord. (2020) 20:155. doi: 10.1186/s12872-020-01428-x

17. Huang Y, Luo Z, Zhu W, Zhang Q, Ruan X, Zhong Q. Investigation of relationship between pregnancy induced hypertension syndrome and homocysteine, folic acid and vitamin B12. Zhonghua Fu Chan Ke Za Zhi. (2002) 37:208–10.

18. Liu YH, Liu JM, Liu L, Ma R, Ye RW, Li S, et al. [The relationship between prepregnancy body mass index and the occurrence of pregnancy induced hypertension]. Zhonghua Yu Fang Yi Xue Za Zhi. (2009) 43:299–304.

19. Chmurzynska A, Seremak-Mrozikiewicz A, Malinowska AM, Różycka A, Radziejewska A, KurzawiÑska G, et al. Associations between folate and choline intake, homocysteine metabolism, and genetic polymorphism of MTHFR, BHMT and PEMT in healthy pregnant polish women. Nutr Diet. (2020) 77:368–72. doi: 10.1111/1747-0080.12549

20. Hernández-Díaz S, Wu XF, Hayes C, Werler MM, Ashok TD, Badovinac R, et al. Methylenetetrahydrofolate reductase polymorphisms and the risk of gestational hypertension. Epidemiology. (2005) 16:628–34. doi: 10.1097/01.ede.0000172132.13513.e0

21. Kim KN, Kim YJ, Chang N. Effects of the interaction between the C677T 5,10-methylenetetrahydrofolate reductase polymorphism and serum B vitamins on homocysteine levels in pregnant women. Eur J Clin Nutr. (2004) 58:10–6. doi: 10.1038/sj.ejcn.1601729

22. Barbosa PR, Stabler SP, Machado AL, Braga RC, Hirata RD, Hirata MH, et al. Association between decreased vitamin levels and MTHFR, MTR and MTRR gene polymorphisms as determinants for elevated total homocysteine concentrations in pregnant women. Eur J Clin Nutr. (2008) 62:1010–21. doi: 10.1038/sj.ejcn.1602810

23. Di Renzo L, Marsella LT, Sarlo F, Soldati L, Gratteri S, Abenavoli L, et al. C677T gene polymorphism of MTHFR and metabolic syndrome: response to dietary intervention. J Transl Med. (2014) 12:329. doi: 10.1186/s12967-014-0329-4

24. Su Y, Yan H, Guo L, Lu T, Capoc, Zhang D, et al. Association of MTHFR C677T polymorphism with antipsychotic-induced change of weight and metabolism index. Front Psychiatry. (2021) 12:673715. doi: 10.3389/fpsyt.2021.673715

25. Chaudhry SH, Taljaard M, MacFarlane AJ, Gaudet LM, Smith GN, Rodger M, et al. The determinants of maternal homocysteine in pregnancy: findings from the Ottawa and Kingston birth cohort. Public Health Nutr. (2020) 23:3170–80. doi: 10.1017/S1368980019004002

26. Saravanan P, Sukumar N, Adaikalakoteswari A, Goljan I, Venkataraman H, Gopinath A, et al. Association of maternal vitamin B12 and folate levels in early pregnancy with gestational diabetes: a prospective UK cohort study (PRiDE study). Diabetologia. (2021) 64:2170–82. doi: 10.1007/s00125-021-05510-7

27. Maher A, Sobczyńska-Malefora A. The relationship between folate, vitamin B12 and gestational diabetes mellitus with proposed mechanisms and foetal implications. J Family Reprod Health. (2021) 15:141–9. doi: 10.18502/jfrh.v15i3.7131

28. Allin KH, Friedrich N, Pietzner M, Grarup N, Thuesen BH, Linneberg A, et al. Genetic determinants of serum vitamin B12 and their relation to body mass index. Eur J Epidemiol. (2017) 32:125–34. doi: 10.1007/s10654-016-0215-x

29. Yang Y, Cai Z, Zhang J. The effect of prepregnancy body mass index on maternal micronutrient status: a meta-analysis. Sci Rep. (2021) 11:18100. doi: 10.1038/s41598-021-97635-3

30. Sites CK, Wilson D, Bernson D, Boulet S, Zhang Y. Number of embryos transferred and diagnosis of preeclampsia. Reprod Biol Endocrinol. (2020) 18:68. doi: 10.1186/s12958-020-00627-7

31. Lučovnik R, Trojner Bregar A, Košir Pogaćnik M, Krajec M, Verdenik I, Blickstein I, et al. The effect of interaction between parity, gestational diabetes, and pregravid obesity on the incidence of preeclampsia. J Matern Fetal Neonatal Med. (2020) 33:931–4. doi: 10.1080/14767058.2018.1509311

32. Zheng L, Huang J, Kong H, Wang F, Su Y, Xin H. The effect of folic acid throughout pregnancy among pregnant women at high risk of pre-eclampsia: a randomized clinical trial. Pregnancy Hypertens. (2020) 19:253–8. doi: 10.1016/j.preghy.2020.01.005

33. Wen SW, White RR, Rybak N, Gaudet LM, Robson S, Hague W, et al. Effect of high dose folic acid supplementation in pregnancy on pre-eclampsia (FACT): double blind, phase III, randomised controlled, international, multicentre trial. BMJ. (2018) 362:k3478. doi: 10.1136/bmj.k3478

34. Kharb S, Aggarwal D, Bala J, Nanda S. Evaluation of homocysteine, vitamin B12 and folic acid levels during all the trimesters in pregnant and preeclamptic womens. Curr Hypertens Rev. (2016) 12:234–8. doi: 10.2174/1573402112666161010151632

35. Zuurbier SM, Arnold M, Middeldorp S, Broeg-Morvay A, Silvis SM, Heldner MR, et al. Risk of cerebral venous thrombosis in obese women. JAMA Neurol. (2016) 73:579–84. doi: 10.1001/jamaneurol.2016.0001



OPS/xhtml/Nav.xhtml




Contents





		Cover



		Interrelation among one-carbon metabolic (OCM) pathway-related indicators and its impact on the occurence of pregnancy-induced hypertension disease in pregnant women supplemented with folate and vitamin B12: Real-world data analysis



		Introduction



		Subjects and methods



		Study design and participants









		Data collection



		Data analysis



		Results



		Description of each parameter of OCM



		Univariate analysis of factors influencing the incidence of PIH and PE



		Establishment and internal validation of prediction model for PIH



		Association between MTHFR C677T genotype and serum levels of folate, homocysteine, BMI



		Correlations between vitamin B12, homocysteine, folate, and BMI in subjects with different MTHFR C677T genotype



		Establishment prediction model for PE in pregnant women with PIH









		Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Supplementary material



		References

















OPS/images/cover.jpg
& frontiers | Frontiers in Nutrition

Interrelation among one-carbon
metabolic (OCM)
pathway-related indicators
and its impact on the occurence
of pregnancy-induced
hypertension disease
in pregnant women
supplemented with folate
and vitamin B12: Real-world
data analysis










OPS/images/fnut-09-950014-i000.jpg







OPS/images/logo.jpg
P frontiers | Frontiers in Nutrition







OPS/images/email.jpg





OPS/images/fnut-09-950014-g003.jpg
>

W

Serum folate concentration (mmol/L)

Body mass index

Serum homocysteine concentration (umol/L)

L CT ¥l
20- p=0.0005 p=0.7120 p=0.5324
[ \ IA ] | |
16+
124 o
O
84 O
Q
el
4-
0 -
éée
&
Q
&
é@
— & B ET TT
p=0.0093 p=0.0103 p=0.2616

|
Qo

p<0.0001 p=0.0013 p=0.0141

-
-
-
=
=
-





OPS/images/fnut-09-950014-g002.jpg
Serum homocysteine concentration (umol/L) >

N
T

(S
W
|

-y
=]
[

< 0.0001

< 0.0001

p=02427 I l

5
i CC(n'=342) CT(nl=552) TT(n'=243)
MTHEFR C667T genotype
B p=0.3661
~ 120- I p=0.5903 |
= |
E 1004
= AA
=)
= 80-
B
£ VA
S 60- A /A
= z X\
> &
2 40-
= ‘
S L.'-_,Zﬁ;
g SRR
s S AN
70 N
\V i | !
CC(n=342) CT(n=552) TT(n=243)
MTHFR C667T genotype
C p=0.0079
50+ ' p=04737
p=0.0101 | |
40- [ |
s
=
£ 30-
:
20-
g
e
10—
0

CC(n'=342) CT(n'=552) TT(n'=243)
MTHFR C667T genotype





OPS/images/fnut-09-950014-g001.jpg
1.0
0.8
0.6=
£
-
=
"
o
a
W
0.4
= Precdliction model
---- BMI
Homocysteine
0.2 - Folate
r'_- - O —— Reference Line
of;
0.0 T | T T
0.0 0z 0.4 0&E 08 1.0
1 - Specificity
All subjects
1.0
0.8-
0.6-
£
-
=
"
[
@
W
0.4
i = Prediction model
---- BMI
X bR, 2 - =~ Homocysteine
0= e - Folate
= Reference Line
0.0 T T | T
0.0 02 04 0GE na 1.0

1 - Specificity

MTHEFR CT genotype subgroup

1 - Specificity

MTHEFR TT genotype subgroup

B
1.0
0.8
0.6
i
>
=
n
[ =
@
]
0.4
= Prediction model
Homocysteine
- Folate
0.2- ;_‘_’ — Reference Line
00 T T T T
0.0 0.z 0.4 o0& 0a 1.0
1 - Specificity
MTHFR CC genotype subgroup
D 1.0
0.8
0.5
£
>
=
"
=
a
7]
0.4
= Prediction model
o Y I Homocysteine
‘ - Folate
- Reference Line
0.0 ‘ T 1 T T
0.0 02 0.4 06 0a 1.0





OPS/images/fnut-09-950014-t001.jpg
n Normotensive pregnancy group | Pregnancy-induced hypertension group | Preeclampsia group pPa* Pp* pc* | pg*

(n = 1,006) (n =131) (n = 41)
Age
>35 284 242 (24.06%) 36 (27.48%) 6 (14.63%) 0.2432 0.3887 0.1924 0.1435
<35 894 764 (75.94%) 95 (72.52%) 35 (85.37%)
Weight (kilogram) 564+78 61.4 +8.2 59.4 +7.4 <0.0001 <0.0001 0.0145 0.2003
Body mass index 21:2. 30 22.7 £3.8 22:5'= 2.8 <0.0001 <0.0001 0.0081 0.624
(BMI)
Number of embryos
1 1,082 925 (91.95%) 122 (93.13*%) 35 (85.37%) 0.2722 0.733 0.1437 0.1997
>2 96 81 (8.05%) 9 (6.87%) 6 (14.63%)
Gravidity
1 389 336 (33.40%) 41 (31.30%) 12 (29.27%) 0.3393 0.8905 0.1148 0.2063
2 460 386 (38.37%) 52 (39.69%) 22 (53.66%)
>3 329 284 (28.23%) 38 (29.01%) 7 (17.07%)
Parity
0 968 829 (82.41%) 110 (83.97%) 29 (70.73%) 0.136 0.7146 0.0634 0.0709
>1 210 177 (17.59%) 21 (16.03%) 12 (29.27%)
Serum vitamin B12 393.7'% 159.7 376:2 1372 339.6/+ 121.8 0.054 0.2319 0.0323 0.1276
concentration
(pmol/L)
Serum folate 37251073 39.92 +£13.87 31.49 £7.374 <0.0001 0.0099 0.0007 | 0.0003
concentration
(nmol/L)
Serum homocysteine 4.261 £+ 1.554 4.618 +2.077 4.668 + 1.676 0.0222 0.0181 0.1001 0.8853
concentration
(pmol/L)
MTHFR C677T genotype
EC 356 304 (30.22%) 38 (29.01%) 14 (34.15%) 0.9821 0.9577 0.8625 0.8216
cr 572 488 (48.51%) 65 (49.62%) 19 (46.34%)
T 250 214 (21.27%) 28 (21.37%) 8(19.51%)

* pa: Statistical difference among the three groups. pb: Statistical difference between normal pregnancy group and pregnancy induced hypertension group. pc: Statistical difference between normal pregnancy group and preeclampsia group; pd: Statistical

difference between pregnancy-induced hypertension group and preeclampsia group.
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Lower Upper

All the subjects Body mass index 0.196 | 0.033 35.529 0 1216 114 1.297

(n=1,137)* Serum homocysteine concentration (jumol/L) 0.157 0.05 9.824 0.002 1.17 1.061 1.291
Serum folate concentration (mmol/L) 0.018 0.01 3.548 0.06 1.018 0.999 1.038
Constant —7.796 0.899 75.15 0 0

MTHER C677TCC Body mass index 0.182 0.054 11.408 0.001 1.2 1.079 1.333

Subgroup (n = 342)** Serum homocysteine concentration (jumol/L) 0.294 0.096 9.329 0.002 1.342 1.111 1.621
Serum folate concentration (mmol/L) 0.041 0.018 5.536 0.019 1.042 1.007 1.079
Constant —9.053 1.628 30.928 0 0

MTHER C677T CT Body mass index 0.164 0.052 9.771 0.002 1.178 1.063 1.306

Subgroup (n = 553)** Serum homocysteine concentration (jumol/L) 0.085 0.088 0.934 0.334 1.089 0.916 1.293
Serum folate concentration (mmol/L) 0.02 0.015 1.761 0.185 1.02 0.991 1.05
Constant —6.833 1.328 26.485 0 0.001

MTHEFR C677T TT Body mass index 0.174 0.072 5.906 0.015 1.19 1.034 1.369

Subgroup (n = 242)** Serum homocysteine concentration (jumol/L) 0.062 0.1 0.384 0.535 1.064 0.875 1.294
Serum folate concentration (mmol/L) —0.014 0.021 0.458 0.499 0.986 0.947 1.027
Constant —5.491 1.975 7729 0.005 0.004

*Establishment of prediction model for pregnancy induced hypertension.

**Internal validation of prediction model for pregnancy induced hypertension.
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Age —0.05 0.03 2.715 0.099 0.951 0.896 1.01
All the subjects Weight 0.036 0.025 2.052 0.152 1.037 0.987 1.09
(n=1,137) Body mass index 0.123 0.071 3.006 0.083 1.131 0.984 1.301
Normotensive group Number of embryos —0.452 | 0457 0.978 0.323 0.636 0.26 1.559
(n=1,006)
PIH group (n = 131) Gravidity 0.211 0.144 2.16 0.142 1.235 0.932 1.637
Parity —0.144 0.304 0.226 0.634 0.866 0.477 1.569
MTHEFR C677T genotype 0.083 0.145 0.327 0.567 1.087 0.817 1.445
Serum vitamin B12 concentration (ng/L) 0 0.001 0.001 0.982 1 0.998 1.002
Serum homocysteine concentration (jumol/L) 0.156 0.051 9.358 0.002 1.169 1.058 1.291
Serum folate concentration (mmol/L) 0.019 0.01 3.703 0.054 1.019 1 1.039
Constant —6.828 148 21.278 0 0.001






