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Abstract
Background: The purpose of this study was to investigate the risk factors for elevating homocysteine during pregnancy and the relative effects on
preeclampsia, so as to further understand whether Hcy had predictive value for PE.

Method: This is a prospective study that only covers pregnant women with singleton who received regular prenatal care from July to September 2018
exclusively at IPMCH (N=1142). Homocysteine, folic acid and vitamin B12 were tested in the 1st trimester (10-14 weeks), 2nd trimester (24-28 weeks), and 3rd

trimester (30-34 weeks), respectively, and MTHFR genes (rs1801133, rs1801131, rs17367504) were detected. Therefore, the analysis of this case includes the
variation in Hcy levels during pregnancy, risk factors for elevating homocysteine and the risk factors on preeclampsia.

Results: (1) Homocysteine was lowest in the 1st trimester. (2) Homocysteine was negatively correlated with folic acid (r=-0.17, p<0.001) and vitamin B12
(r=-0.15, p<0.001) in the same trimester. (3) Both of heterozygous CT (p=0.025, 95% CI 0.018, 0.275) and homozygous TT (p<0.001, 95% CI 0.185, 0.501) in
MTHFR rs1801133 might be risk factors that caused an increase in Hcy. G-spot mutations in MTHFR rs17367504 might be a risk factor that caused a decline
in homocysteine. (4) Homocysteine in the 3rd trimester might be signi�cantly correlated with increasing risk of preeclampsia (OR = 1.2, 95% CI 1.01,1.42),
particularly early-onset preeclampsia (OR = 3.63, 95% CI 1.71,7.71) and severe preeclampsia (OR = 3.63, 95% CI 1.71,7.71).

Conclusions: The variation in homocysteine level in the third trimester might be associated with preeclampsia, especially early-onset preeclampsia and severe
preeclampsia, and MTHFR, folic acid and vitamin B12 might be the three critical factors responsible for the changing homocysteine levels during pregnancy.

Background
Preeclampsia (PE) is a pregnancy-speci�c disease that occurs after 20 weeks of gestation and manifests as hypertension and proteinuria with or without
visceral damage. The incidence of PE is 3-5%[1], which reasonably accounts for the increased maternal and prenatal morbidity and mortality.

Previous studies have suggested that PE may be associated with elevated homocysteine (Hcy) during pregnancy. Hcy is a sulfur-containing amino acid
intermediate in the metabolism of methionine and cysteine. Cotter[2] has found that Hcy is signi�cantly higher in PE than in normal pregnancies, especially in
the 1st trimester, which in turn increases the risk of severe PE. However, Hietala[3] found no signi�cant differences in gestational Hcy between the PE group
and the normal pregnancy group. The role of Hcy remains controversial. Therefore, this study identi�es the changes in Hcy during pregnancy, risk factors for
hyper homocysteine (H-Hcy) and effects of gestational Hcy on PE.

Methods
Participant

Single pregnant women who received regular prenatal care at the International Peace Maternal and Child Health Hospital (IPMCH) a�liated with Shanghai
Jiao Tong University School of Medicine from July 2018 to September 2018 were selected and they all taken folic acid or multivitamins (containing folic acid)
during pregnancy. The exclusion criteria were as follows: (1) twin or multiple pregnancy; (2) pre-pregnancy with hypertension, diabetes, kidney disease, severe
anemia and other internal and surgical diseases; (3) use of aspirin or other drugs during pregnancy; and (4) non-Han pregnancy. A total of 1142 participants
were enrolled in this study. After the pregnant women were enrolled in the 1st trimester (10-14 weeks), they were followed up when the need antenatal care and
blood samples were collected in the 1st trimester (10-14 weeks), the 2nd trimester (24-28 weeks), and the 3rd trimester (30-34 weeks) when they have to do
regular blood test during pregnancy. The follow-up was completed until 6 weeks postpartum or withdraw. General data, blood biochemical results and
pregnancy outcomes of the subjects were collected. The diagnostic criteria for PE were based on American College of Obstetricians and Gynecologists (ACOG)
guidelines (2019) for gestational hypertension and PE.[4] All participants provided written informed consent.

Method

According to the above inclusion and exclusion criteria, a total of 1142 pregnant women were included in this study. Levels of Hcy, FA and vitamin B12 were
detected in the 1st trimester (10-14 weeks), 2nd trimester (24-28 weeks), and 3rd trimester (30-34 weeks), and MTHFR genes (rs1801133, rs1801131,
rs17367504) were also detected. At the same time, clinical information of the enrolled pregnant women was collected, including general information, test
results and pregnant outcomes.

Blood sampling

Samples of venous blood (4 ml) were collected in the �rst trimester (10-14 weeks), second trimester (24 to 28 weeks), and third trimester (30-34 weeks). Two
milliliters of blood were placed in the tube containing inert separation of coagulant, and the upper serum was taken for Hcy, folic acid and vitamin B12
detection after centrifugation. The other 2 ml of blood was placed in a tube containing EDTA anticoagulant, and the lower blood cells were collected for DNA
extraction after centrifugation to detect the MTHFR gene.

Biochemical analyses

In this study, the cyclic enzymatic method was used to detect Hcy (Wuhan Hi-tech Medical Devices Park, Wuhan, China) with Roche reagent (Cabas8000
automatic biochemical analyzer, Roche Ltd., Shanghai, China). Folic acid (Daoyuan Biological Technology Ltd., Shanghai, China) and vitamin B12 (Daoyuan
Biological Technology Ltd., Shanghai, China) were detected by chemiluminescence (ARCHITECT i2000, Abbott, Shanghai, China), and the Abbott ARCHITECT
i2000 biochemical analysis system was used.
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MTHFR gene detection

DNA was extracted according to the instructions of the genomic DNA extraction kit (Tiangen Biochemical Technology Co., Ltd, Shanghai, China). MTHFR
rs1801133, MTHFR rs1801131 and MTHFR rs17367504 were selected, and PCR primers were designed and synthesized using Primer 7.0 software
(LightCycler480 Software, Roche Ltd., Shanghai, China). The primers were as follows: (1) MTHFR rs1801133: 5'-GCTGACCTGAAGCACTTGAAG-3', 5'-
CAAAGCGGAAGAATGTGTCA-3'; (2) MTHFR rs1801131: 5'-AGAGCAAGTCCCCAGAGG-3', 5'-CCCGAGAGGTAAAGAACGAA-3'; (3) MTHFR rs17367504: 5'-
ACCCATTGAAGAGTGTGTCTAAAA-3', 5'-AAGGAGAAGGCAGAGTGGGT-3'. PCR ampli�cation procedures were set as follows: pre-denaturation at 94°C for 3
minutes, denaturation at 94°C for 5 seconds, annealing at 60°C for 30 seconds, and extension at 60°C for 30 seconds for 40 cycles. The products were
identi�ed by DNA agarose gel electrophoresis.

Statistical analyses

R 3.5.3 software (Mathsoft, USA) was used for statistical analysis. For demographic description, continuous variables were described by the mean±SD and
quartile spacing, and classi�cation variables were described by the proportion of each subgroup.

For continuous variables, �rst, according to the single factor linear model, the initial screening was used to identify the risk factors related to Hcy, folic acid
and vitamin B12 (p≤0.1), the optimal multiple linear model (AIC minimum) was determined based on the backward elimination method (AIC minimum), and
then VIF < 2 was taken as the standard to determine whether collinearity existed between variables. Background factors related to Hcy, folic acid and vitamin
B12 were analyzed according to the determined multiple linear model (P<0.05). The Mauchly sphericity test determines whether the variance in the difference
between different measurements is equal when repeated measurements are made. According to the random intercept model, the changes in Hcy, folic acid
and vitamin B12 levels in different periods of pregnancy were analyzed, and the curves of Hcy, folic acid and vitamin B12 levels in different periods of
pregnancy were drawn in the form of the mean ± standard deviation.

According to pregnancy outcome, for the classi�ed variable, the optimal multiple linear model (AIC minimum) was determined based on the backward
elimination method based on the initial screening of in�uencing factors related to outcome (P≤0.1) in the univariate logistic regression model, and collinearity
among variables was judged based on VIF<2. The regression model was used to analyze the in�uencing factors related to pregnancy outcome (p < 0.05). The
statistical tests were all double-sided, and the con�dence interval was 95% reliable.

Results
Baseline characteristics

Demographic description was compared using mean±SD and the proportion of each subgroup (Table1). A total of 1142 participants, with an average age of
31.29±3.96 years and a pre-gestational BMI of 21.16±2.75 kg/m2 was selected for this study. Three MTHFR genes were detected as follows: (1) MTHFR
rs1801133: 366 cases with CC type (32.05%), 529 cases with CT type (46.32%), and 247 cases with TT type (21.63%). The T mutation rate was 67.95%. (2)
MTHFR rs1801131: 752 cases with AA type (65.85%), 356 cases with AC type (31.17%), and 34 cases with CC type (2.98%). The C mutation rate was 18.56%.
(3) MTHFR rs17367504: 950 cases with AA type (83.19%), 183 cases with AG type (16.02%), and 9 cases with GG type (0.79%). The G mutation rate was
8.80% (Table 1).

Changes in Hcy during pregnancy

Hcy levels in different trimester were compared using paired t test. Hcy was the lowest in the �rst trimester compared with the second and third trimesters
(p<0.001), but the participants appeared to have no signi�cant differences between the second and third trimesters (Figure 2 and Table 2).

Risk factors for Hcy

Pearson correlation coe�cient r was used to determine the correlation between Hcy and FA, vitamin B12 in the same period. Hcy during pregnancy was
negatively correlated with folic acid (r=-0.17, p<0.001) and vitamin B12 (r=-0.15, p<0.001) in the same period (Table 3), and Hcy increased with the decrease in
folic acid and vitamin B12. We used single factor linear model and multiple linear model to analyze the risk factors of Hcy. Along with the gradual decrease in
folic acid and vitamin B12 during pregnancy, Hcy increased as gestational weeks increased (Figure 2).

MTHFR rs1801133 had a signi�cant effect on Hcy during pregnancy, and heterozygous CT (p=0.025, 95% CI 0.018,0.275) and homozygous TT (p<0.001, 95%
CI 0.185,0.501) both caused an increase in Hcy. However, the impact of homozygous TT was stronger than that of heterozygous CT, and G-spot mutations in
MTHFR rs17367504 have protective effects on Hcy, which may cause Hcy to decline during pregnancy (Table 4).

This study also points out that a history of PE was a risk factor for increasing Hcy during pregnancy (p=0.011, 95% CI 0.326,2.478). Hcy increased
signi�cantly, while creatinine (p<0.001, 95% CI 0.030,0.049), albumin (p<0.001, 95% CI 0.067,0.118) and globulin (p=0.001, 95% CI 0.012,0.049) increased, and
low-density lipoprotein decreased (p=0.016, 95% CI 0.211, 0.022) (Table 4).

Impact of Hcy on PE

The regression model was used to analyze the in�uencing factors related to PE (Table5). The rise in Hcy levels in the third trimester signi�cantly increased the
risk of PE (OR = 1.2, 95% CI 1.01,1.42), particularly early-onset PE (OR = 3.63, 95% CI 1.71,7.71) and severe PE (OR = 3.63, 95% CI 1.71,7.71), but there is no
correlation between elevating Hcy and late-onset PE (p>0.05). Hcy levels in the �rst trimester and PE had no signi�cant correlation. We also found that the
three MTHFR genes referred to in this study had no signi�cant correlation with the risk of PE.
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Discussion
We conducted a prospective study that focused on the changes in Hcy during pregnancy, risk factors for Hcy and the impacts of Hcy on PE because there were
controversies about Hcy, MTHFR genes and PE.

Changes in Hcy

The average value for Hcy in the subjects in this study was 4.36±1.05 μmol/L in the �rst trimester (10-14 weeks), 5.95±1.46 μmol/L in the second trimester
(24-28 weeks), and 5.95±1.74 μmol/L in the third trimester (30-34 weeks). Hcy in the second and third trimesters was signi�cantly higher than that in the �rst
trimester, similar to the results of Rolf[5] and MW Wallace[6], which may be due to physiological changes and endocrine hormone changes during pregnancy
such as HCG. Boxmeer[7] found that after HCG administration, Hcy level had been signi�cantly lower than before during the menstrual cycle. This research
found that pregnancy folic acid and vitamin B12 gradually decrease with increasing gestational age, which could explain the changes in Hcy during
pregnancy.

Mark Walker[8] found that Hcy drops in the second trimester and then rises in the third trimester, which is different from the results of this study, and the
possible reasons are as follows: (1) The detection of gestational weeks selected by the study is different. Gestational weeks chosen by Mark Walker to detect
Hcy were 8-16 weeks, 20-28 weeks and 36-42 weeks. (2) Different methods were used in the study. Mark Walker selected pregnant women at different
gestational weeks during the same period for the test, while this study conducted a prospective longitudinal study of the changes in the same population at
different periods. (3) Due to the different times of the study, the living standards and nutrition intake of the people in 2019 changed greatly compared with
those in 1999, which could lead to different results of the two studies. (4) Based on the Chinese population's perception of the timing of multivitamin
(containing folic acid) supplementation, some pregnant women take multivitamins before conception and in the �rst trimester and quit for the second and
third trimesters, which could explain why Hcy in this study was signi�cantly higher in the second and third trimesters. After adjusting for risk factors affecting
folic acid and vitamin B12, we found that Hcy, folic acid and vitamin B12 were negatively correlated in the �rst (r=-0.17 for FA, r=-0.15 for Vitamin B12), second
(r=-0.17 for FA, r=-0.06 for Vitamin B12) and third trimesters (r=-0.25 for FA, r=-0.11 for Vitamin B12) (p<0.05). With an increase in gestational age, folic acid
and vitamin B12 decreased signi�cantly in the second and third trimesters of pregnancy, along with increasing Hcy levels, further indicating the possible
reasons for the changes in Hcy during pregnancy in this study.

In this study, MTHFR was found that it might be another factor causing the increase in Hcy, and the mutation rate of the MTHFR gene involved in this study
was similar to the results of Moll[9] and Wu. X[10]. Mutations in the MTHFR gene can signi�cantly weaken the function of tetrahydrofolate reductase, and the
activity of tetrahydrofolate reductase of heterozygous MTHFR rs1801133 can be reduced to 65% of that of normal people, while the activity of homozygous
individuals is only 30%[9]. The enzyme activity of homozygous MTHFR rs1801131 was 60% of normal[9]. Therefore, mutations in the MTHFR gene might be
one of the risk factors affecting Hcy in pregnancy[11], which was similar to result in this study. At the same time, we also found that the G mutation of MTHFR
rs17367504 had had a protective effect on Hcy during pregnancy, and the G mutation might cause Hcy decline. This might explain Thomsen’s �ndings[12].
Thomsen[12] �rst found that the G mutation at MTHFR rs17367504 was a protective factor for PE (OR=0.65, 95% CI 0.53-0.80). In addition to the MTHFR
gene, creatinine and protein levels in pregnancy were also possible factors that in�uence Hcy in pregnancy. The reason might be that the increase in creatinine
affects the metabolism of Hcy and reduces urine excretion, which further causes the increase in Hcy in blood[11].

Impact of Hcy on PE

At present, there have been many studies on the correlation among Hcy, MTHFR genes and PE, and the �ndings are controversial. One study found that the
Hcy of the T mutants at MTHFR rs1801133 was signi�cantly higher than that of the non-mutants[13], which further increases the risk of the occurrence of
PE[14]. Sunkara[15] found that in the PE group, the T mutation rate of MTHFR rs1801133 was signi�cantly higher than that in the normal group. Furthermore,
Dickerson[16] found that the T mutation of MTHFR rs1801133 was not signi�cantly correlated with PE. There was no signi�cant correlation among the three
MTHFR genes referred to in this study and the risk of PE (including early-onset PE and severe PE) (p>0.05). Therefore, this study indicates that there is no
direct correlation between the MTHFR genes and PE, and mutations in the MTHFR gene are risk factors for elevating Hcy during pregnancy which might
directly or indirectly lead to vascular endothelial dysfunction, oxidative stress response, stimulate vascular smooth muscle cell proliferation, disrupt the body's
coagulation and �brinolytic system, and ultimately increase the risk of PE[17].

This study found that elevating Hcy might be correlated with the risk of PE in the third trimester (OR=1.2, 95% CI 1.01,1.42), especially in early-onset PE
(OR=3.63, 95% CI 1.71, 7.71, p=0.001) and severe PE (OR=1.46, 95% CI 1.21, 1,76, p<0.001), but not late-onset PE (p>0.05). There was no correlation between
Hcy in the �rst trimester and PE (p>0.05). However, most researchers believe that Hcy in the PE group was signi�cantly higher than that in normal pregnancies,
and the increasing Hcy level, especially in the �rst trimester, signi�cantly increases the risk of PE, which is different from the results of this study[2,18-20]. In
the Finnish study, Hietala[3] found no signi�cant differences in Hcy between the PE group and normal group. Such differences may be due to different
gestational weeks detecting Hcy. Kahn[21] has found that Hcy detection at 22-26 weeks of gestation showed no signi�cant difference between the PE group
and the normal group, while Hogg[22] found that the same group, with no difference at 26 weeks, had a signi�cant difference in Hcy detection at 37 weeks.
This is similar to the results of this study, and the possible reasons for such differences are as follows: (1) The gestational weeks detected in this study were
10-14 weeks, 24-28 weeks, and 30-34 weeks, and it can be inferred that Hcy before 28 gestational weeks had no signi�cant correlation with PE. The detection
of Hcy at 30-34 gestational weeks was signi�cantly associated with PE, especially early-onset PE and severe PE. (2) The sample size of this study is limited,
and the number of cases of PE is small, which is not enough to re�ect the predictive value of Hcy in the �rst trimester for PE. (3) The detection results of Hcy
are greatly affected by blood lipids[23], which are prone to increase during pregnancy, especially for patients with PE who usually have abnormal lipid
metabolism[24,25], and it may have a certain in�uence on the detection results. (4) This study �nd that Hcy in the third trimester was more signi�cantly
correlated with early-onset PE, possibly because its detection of gestational weeks were very similar to the onset of the disease, or the test samples were
collected at the onset of early-onset preeclampsia. (5) This study �nd that Hcy in the third trimester was correlated with early-onset PE, other than late-onset
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PE, possibly due to the different pathogenesis between early-onset PE and late-onset PE. Early-onset PE arises owing to defective placentation which is similar
to the pathogenesis mechanism of adverse pregnancy outcomes caused by elevated Hcy , whilst late-onset PE may center around interactions between
normal senescence of the placenta and a maternal genetic predisposition to cardiovascular and metabolic disease.[26] Therefore, although the correlation
between Hcy in the third trimester and PE is statistically signi�cant, further studies are necessary to con�rm whether Hcy can be used as an early indicator of
clinical disease.

Strengths and limitation

One of the main strengths of this study is that this was a prospective study by testing the same patient at different gestational ages. We analyzed the
correlation between Hcy levels in the �rst and third trimester of the same patient who �nally progressed to PE and took MTHFR genes variation into account.

The limitation of this study regards assessments of folic acid supplementation dose, gestational age, and dietary intake of folate and vitamin B12. Because
the dietary structure and living habits of the included subjects are quite different and the use of multivitamins during pregnancy is not the same throughout
the gestational period, it is di�cult to conduct a quantitative study on the intake of folic acid and vitamin B12 during pregnancy, but a maternal blood test was
taken to measure folic acid and vitamin B12 levels instead. On the other hand, the sample size of this study is limited, and the number of cases of PE is small,
which is not enough to re�ect the predictive value of Hcy in the �rst trimester for PE.

Conclusions
In this study, the correlation between Hcy and PE is discussed in detail, and Hcy in pregnancy is lowest in the �rst trimester and increases with increasing
gestational age. MTHFR, folic acid and vitamin B12 might be the most critical factors for changing Hcy in pregnancy. Hcy level in the third trimester might be
associated with PE, especially early-onset PE and severe PE, rather than that in the �rst trimester.
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Table 1 Demographic information and other baseline characteristics
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  N Proportion (%) Mean±SD Median (IQR)
Age 1142   31.29±3.96 31[28,34]
Education 1142      

Primary School 1 0.09    
Junior School 22 1.93    
Senior School 69 6.04    
Bachelor 801 70.14    
Master 221 19.35    
Doctor 28 2.45    

Gravity 1142   0.79±1.03 0[0,1]
Parity 1142   0.29±0.48 0[0,1]
History of spontaneous abortion/missed abortion        

No 985 86.25    
Yes 157 13.75    

History of Preeclampsia        
No 1139 99.74    
Yes 3 0.26    

History of FGR        
No 1141 99.91    
Yes 1 0.09    

Cigarette        
No 1135 99.39    
Yes 7 0.61    

Alcohol        
No 1121 98.16    
Yes 21 1.84    

Fertilization        
Natural conception 1016 88.97    
Ovulation Induction 14 1.23    
IUI 3 0.26    
IVF-ET 109 9.54    

Prenatal BMI(Kg/m2)     21.16±2.75 20.70[19.20,22.58]

BP in 1st trimester        

SBP(mmHg)     109.6±11.73 110[102,118]
DBP(mmHg)     68.97±9.03 69[63,75]

1st trimester        

Creatinine(μmol/L)     49.05±6.17 49[45,53]
Albumin(g/L)     41.93±2.16 41.90[40.50,43.38]
Globulin(g/L)     29.03±3.04 29.00[27.00,30.90]
TG(mmol/L)     1.39±0.55 1.27[1.00,1.64]
TC(mmol/L)     4.38±0.82 4.33[3.89,4.85]
HDL(mmol/L)     1.86±0.38 1.84[1.62,2.10]
LDL(mmol/L)     2.42±0.62 2.36[2.00,2.78]

MTHFR rs1801133        
CC 366 32.05    
CT 529 46.32    
TT 247 21.63    

MTHFR rs1801131        
AA 752 65.85    
AC 356 31.17    
CC 34 2.98    

MTHFR rs17367504        
AA 950 83.19    
AG 183 16.02    
GG 9 0.79    

PE        
No 1108 97.02    
Yes 34 2.98    

Early-onset PE        
No 1136 99.47    
Yes 6 0.53    

Severe PE        
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No 1127 98.69    
Yes 15 1.31    

* FGR: fetal growth restriction; IUI: intra-uterine insemination; BP: blood pressure; SBP: systolic blood pressure; DBP: diastolic blood
pressure; TG: Triglyceride; TC: Total cholesterol; HDL: high density lipoprotein; LDL: low density lipoprotein; GW: gestational week; PE:
preeclampsia;
 
Table2 Level of Hcy, FA and Vit B12 during different gestation stages

  1st trimester 2nd trimester 3rd trimester p-value
Hcy (μmol/L) 4.36±1.05+ 5.95±1.46* 5.95±1.74* <0.001
FA (μmol/L) 33.64±7.09+ 28.53±13.46* 28.72±16.43* <0.001
Vit B12(μmol/L) 384.98±152.92+ 290.71±13.46* 290.71±13.46* <0.001
GW (W) 12.36±0.48 24.91±0.84 32.93±2.14 <0.001

*Compared with 1st trimester:  p<0.05 is considered statistically; +Compared with 2nd trimester:    p<0.05 is considered statistically; GW:
gestational week;
 
Table3 Pearson correlation coefficient between HCY and FA and Vit B12 during pregnancy

  Hcy in 1st trimester(p) Hcy in 2nd trimester(p) Hcy in 3rd trimester(p)

1st trimester FA -0.17(<0.001) *    
Vit B12 -0.15(<0.001) *    

2nd trimester FA   -0.17(<0.001) *  

Vit B12   -0.06(0.03) *  

3rd trimester FA     -0.25(<0.001) *

Vit B12     -0.11(<0.001) *

*p 0.05 is considered statistically.
 

 

Table4 Influencing factors of Hcy in 1st trimester
  Univariate analysis Multivariate analysis
  Coef (95%CI) Std.

Error
Statistic p Estimate (95%CI) Std.

Error
t

value/Chisq
p

Age -0.013(-0.029,0.002) 0.008 -1.697 0.090        
History of spontaneous
abortion

-0.123(-0.3,0.054) 0.090 -1.365 0.173        

History of PE 1.406(0.218,2.594) 0.606 2.320 0.021 1.402(0.326 2.478) 0.548 2.556 0.011
History of FGR -2.166(-4.223,-0.11) 1.049 -2.064 0.039        

Creatinine* 0.043(0.033,0.053) 0.005 8.806 <0.001 0.040(0.030 0.049) 0.005 8.270 <0.001

Albumin* 0.103(0.075,0.131) 0.014 7.309 <0.001 0.093(0.067,0.118) 0.013 7.026 <0.001

Globulin* 0.019(-0.001,0.039) 0.010 1.901 0.058 0.031(0.012,0.049) 0.009 3.265 0.001

Total cholesterol -0.108(-0.192,-0.024) 0.043 -2.516 0.012        
HDL -0.024(-0.182,0.135) 0.081 -0.292 0.770        

LDL* -0.135(-0.233,-0.036) 0.050 -2.685 0.007 -0.116(-0.211, -0.022) 0.048 -2.408 0.016

MTHFR                

rs1801133*     23.500 0.000     18.242 <0.001

CT* 0.163(0.024,0.301) 0.071 2.299 0.022 0.147(0.018, 0.275) 0.065 2.241 0.025

TT* 0.417(0.249,0.585) 0.086 4.869 <0.001 0.343(0.185, 0.501) 0.081 4.257 <0.001

rs1801131     16.300 <0.001        
AC -0.178(-0.309,-0.046) 0.067 -2.648 0.008        
CC -0.614(-0.973,-0.256) 0.183 -3.357 0.001        

rs17367504*     29.100 <0.001     21.418 <0.001

AG* -0.389(-0.554,-0.225) 0.084 -4.647 <0.001 -0.311(-0.464, -0.157) 0.078 -3.970 <0.001

GG* -1.035(-1.716,-0.353) 0.348 -2.977 0.003 -0.832(-1.459, -0.205) 0.320 -2.602 0.009

Intercept         -4.390(-6.335 -2.446) 0.991 -4.430 <0.001

*p 0.05 is considered statistically.
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Table5 Univariate and multivariate Logistic regression models were used to analyze the influencing factors of preeclampsia
  Univariate analysis Multivariate analysis
  Estimate Std.

Error
statistic OR(95%CI) p Estimate Std.

Error
z

value/Chiq
p OR

(95%CI)
MTHFR                    
rs1801133     0.518   0.772          

CT 0.275 0.418 0.659 1.317(0.5935,3.1228) 0.510          
TT 0.283 0.493 0.575 1.328(0.4921,3.52) 0.565          

rs1801131     5.831   0.054     4.357 0.113  
AC -0.814 0.455 -1.790 0.443(0.1646,1.0098) 0.073 -0.646 0.470 -1.374 0.170 0.44

(0.18,1.08)
CC -14.313 678.479 -0.021 0(0,306789783.661) 0.983 -15.210 1032.000 -0.015 0.988 0 (0,Inf)

rs17367504     1.086   0.581          
AG -0.378 0.539 -0.702 0.685(0.2017,1.7625) 0.483          
GG -13.143 799.848 -0.016 0(NA,1.70282464513331e+22) 0.987          

1st

trimester
                   

Hcy -0.082 0.172 -0.478 0.921(0.6496,1.2689) 0.632          
Folic

acid
-0.037 0.023 -1.592 0.964(0.9232,1.0101) 0.111          

Vit B12 -0.001 0.001 -0.830 0.999(0.9962,1.0012) 0.407          

2nd

trimester
                   

Hcy -0.176 0.136 -1.295 0.839(0.6336,1.0772) 0.195          
Folic

acid
-0.012 0.014 -0.903 0.988(0.9602,1.0135) 0.367          

Vit B12 -0.002 0.002 -0.995 0.998(0.9945,1.0012) 0.320          

3rd

trimester
                   

Hcy 0.150 0.076 1.976 1.162(0.9862,1.335) 0.048 0.179 0.088 2.038 0.042 1.16
(1,1.35)

Folic
acid

0.007 0.010 0.662 1.007(0.9858,1.0249) 0.508          

Vit B12 0.000 0.002 -0.228 1(0.9958,1.002) 0.820          
Intercept           -18.830 3.932 -4.789 <0.001  

*p 0.05 is considered statistically.

Figures

Figure 1

Selection of study participants
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Figure 2

Hcy, FA and B12 levels at different stages of pregnancy (A) Hcy levels at three stages of pregnancy;(B) FA levels at three stages of pregnancy;(C) B12 levels at
three stages of pregnancy.

Figure 3

Scatter diagram of Hcy, FA and Vit B12 (A) FA and Hcy were negatively correlated in the 1st trimester. (B) Vitamin B12 and Hcy were negatively correlated in
the 1st trimester. (C) FA and Hcy were negatively correlated in the 2nd trimester. (D) Vitamin B12 and Hcy were negatively correlated in the 2nd trimester. (E) FA
and Hcy were negatively correlated in the 3rd trimester. (F) Vitamin B12 and Hcy were negatively correlated in the 3rd trimester.


