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Objective: This study aimed to evaluate maternal serum levels of folate, vitamin B12, and their ratio on admission for labor and determine whether an imbalance between folate and vitamin B12, represented by a higher or lower serum folate to vitamin B12 ratio (SFVB12R), was associated with adverse pregnancy outcomes.

Methods: A retrospective cohort study of 11,549 pregnant women attending a district specialized hospital and who had serum folate (SF) and serum vitamin B12 (SVB12) levels measured at delivery was performed. The levels of SF, SVB12, and SFVB12R were defined as high (>95th percentile), normal (5–95th percentile), and low (<5th percentile). Information on pregnancy outcomes was retrieved from medical records. Linear regression was performed to examine the association of abnormal SF, SVB12, and SFVB12R levels with fetal growth indicators. Logistic regression was applied to estimate the association between abnormal SF, SVB12, and SFVB12R levels and pregnancy outcomes.

Results: Lower SF levels were associated with higher risks of intrahepatic cholestasis of pregnancy (ICP, OR 1.58; 95% CI 1.15–2.17), pre-eclampsia (PE, OR 1.89; 95% CI 1.28–2.81), and a lower risk of gestational diabetes mellitus (GDM, OR 0.40; 95% CI 0.23–0.70), whereas higher SVB12 levels were associated with a higher risk of ICP (OR 2.22; 95% CI 1.67–2.96), PE (OR 1.69; 95% CI 1.04-2.74), and GDM (OR 1.62; 95% CI 1.24–2.11). A higher SFVB12R increased birthweight (β 60.99; 95% CI 29.52–92.45) and was associated with a higher risk of large-for-gestational-age (LGA) newborns (OR 3.08; 95% CI 1.63–5.83); a lower SFVB12R decreased birthweight (β −43.81; 95% CI −75.62, −12.00) and was associated with a lower risk of LGA newborns (OR 0.75; 95% CI 0.56–1.00), and with higher risks of ICP (OR 2.03; 95% CI 1.54–2.67) and pregnancy-induced hypertension (PIH, OR 1.81; 95% CI 1.09–3.00).

Conclusion: An imbalance between folate and vitamin B12, represented by a higher or lower SFVB12R before delivery, was significantly associated with adverse pregnancy outcomes (ICP/PIH/LGA).
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Introduction

Adverse pregnancy outcomes, such as gestational diabetes mellitus (GDM), pre-eclampsia (PE), and infants born small for gestational age (SGA) and preterm birth (PTB) may complicate more than 50% of all pregnancies and seriously impair maternal and fetal health in the short- and long-term (1). GDM affects more than 10% of pregnancies and a history of GDM is associated with a 40% increased risk of subsequent type 2 diabetes and cardiovascular disease (2). PE occurs in ~3–8% of all pregnancies and women with a history of PE have increased risks of metabolic syndrome, central obesity, and high blood pressure by 23, 36, and 53% later in life, respectively (3). In addition, accumulating evidence supports an increased metabolic risk among children born with PTB or SGA (4). Effective prediction and intervention of adverse pregnancy outcomes can not only improve pregnancy health but also improve child health.

Folate (vitamin B9) and vitamin B12 are important micronutrients required for DNA synthesis and epigenetic regulation (5). Fetal growth and development require adequate folate and vitamin B12, especially during mid and late pregnancy (6). Inadequate status of maternal folate and vitamin B12 during pregnancy are associated with poor perinatal outcomes (7). Folate supplementation is routinely recommended during early pregnancy to prevent neural tube defects. However, the importance of vitamin B12 supplementation during pregnancy is usually unrecognized although the insufficient status of vitamin B12 in pregnant women is widely prevalent, especially in developing countries. There is an increasing attention on the relationship between maternal B vitamin imbalance and pregnancy complications in the past decade. Several studies to date have reported inconsistent associations between maternal B vitamin imbalance, represented by high folate, low vitamin B12 status, and GDM risk (8–12). In addition, only a few reports have been published on the associations between B vitamin imbalance during pregnancy and adverse birth outcomes (13). In addition, to our knowledge, no studies to date have examined the relationship between another maternal B vitamin imbalance, defined as low folate and high vitamin B12 status, and adverse pregnancy outcomes. Therefore, in this retrospectively observational study, we aimed to investigate the association among maternal abnormal status of folate, vitamin B12, and their ratio on admission for labor with adverse pregnancy outcomes in the Chinese population.



Materials and methods


Study population and data collection

A retrospective cohort study was performed at Changzhou Maternal and Child Health Care Hospital Affiliated with Nanjing Medical University from April 2016 to March 2017 in Jiangsu, eastern China. The study was approved by the ethics committee of the hospital (no. ZD201803), and informed consent was provided for eligible participants. Participants with a singleton pregnancy were included if they had available medical records and complete laboratory tests on admission for labor, live birth, and no fetal anomalies, and participants were excluded from the analytic data set if they used illicit drugs or alcohol or smoked during pregnancy; or had major pre-gestational diseases, including diabetes mellitus type 1 or 2, chronic hypertension, heart, liver, or kidney disease, thyroid disease, immune rheumatic disease, or syphilis. All pregnant women with adverse pre-gestational diseases, multiple pregnancies, birth of congenital malformation, and no serum folate (SF) levels or serum vitamin B12 (SVB12) levels were excluded from this cohort (n = 1,726). A total of 11,549 mother-and-singleton-newborn pairs were eligible for the analytic data set (Figure 1). Baseline characteristics regarding maternal age, gravidity, parity, body mass index (BMI), and blood pressure (BP) on hospital admission, gestational age before delivery, and pregnancy complications and their newborns (sex, birth length, and birthweight) were collected from the hospital records. Maternal blood samples were collected on the admission day for delivery. SF and SVB12 levels were investigated routinely and obtained from the laboratory information system of the hospital. SF and SVB12 levels were examined using chemiluminescent immunoassay using an automated analyzer (UniCel DxI 800 Access, Beckman Coulter Inc., USA). According to the manufacturer's instructions, the detection limits were <2 μg/L for SF and <50 ng/L for SVB12, and the normal references of SF and SVB12 for the healthy population were 5.9–24.8 μg/L and 180–914 ng/L. However, there is no specific reference intervals for pregnant women on admission for labor. We calculated the reference intervals of SF, SVB12 levels, and their ratios by using non-parametric methods (bilateral non-parametric 90% reference range) and defined the 5th and 95th percentiles as the lower and upper reference limits recommended by the manufacturer's instructions.
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FIGURE 1
 Study flow diagram.




Definition of adverse pregnancy outcomes

Adverse pregnancy outcomes included pregnancy complications [GDM, intrahepatic cholestasis of pregnancy (ICP), PE, and pregnancy-induced hypertension (PIH)] and unfavorable perinatal outcomes [(PTB, SGA, and large-for-gestational-age (LGA)]. The complications were defined according to a previous report (14). Delivery before 37 weeks of gestation was diagnosed as PTB (15). Based on a Chinese reference curve of birthweight reported in the previous report, SGA or LGA was defined as a newborn below the 10th percentile or above the 90th of birthweight for specific gestational age (16).



Statistical analysis

Empower Stats software version 2.0 (X&Y solutions inc., USA) was used for the data analysis. In this study, categorical variables were expressed as N (%), and non-normally and normally distributed continuous variables were expressed as median (interquartile range, IQR) and mean ± standard deviation (SD), respectively. To compare differences in the characteristics of mother-and-singleton-newborn pairs between different categories of maternal SF, SVB12 levels, and their ratio, parametric and non-parametric tests (ANOVA and Kruskal–Wallis test) for normally and non-normally distributed continuous variables and chi-square tests for categorical variables were used.

SF, SVB12 levels, and their ratio according to different perinatal outcomes were compared by non-parametric tests. In addition, general linear analyses were applied to explore the association between fetal growth indices (birthweight, birth length, and gestational age) and maternal SF, SVB12 levels, and their ratios; logistic regression models were applied to analyze the associations of maternal SF, SVB12 levels, and their ratios with pregnancy complications and perinatal outcomes. In the adjusted models, maternal age, BMI, gravidity, parity, blood pressure, GDM, ICP, PE, PIH, fetal sex, and gestational age were regarded as confounding factors. Moreover, smooth curve fitting analysis was used to describe the potential nonlinear relations between continuous SF, SVB12, SFVB12R, and the risk of pregnancy outcomes.




Results


Demographic characteristics of participant

The baseline demographic characteristics of the study population according to different categories of maternal SF, SVB12, and serum folate to vitamin B12 ratio (SFVB12R) were shown in Tables 1–3. The 5th and 95th percentiles for SF, SVB12, and SFVB12R were 4.25 and 24.20 μg/L, 106 and 390 ng/L, and 20.47 and 124.74, respectively. Overall, the mean maternal age at the time of delivery was 28.6 years (range 18–47), and the mean prenatal BMI was 27.3 ± 3.4 kg/m2. Of the 11,549 women, 60.0% (6,933) were nulliparous, 8.4% (965) were complicated with GDM, 6.2% (711) with ICP, 3.4% (394) with PE, and 2.1% (245) with ICP. Among these single gestation live births, 6.8% (790) were classified as PTB, 8.8% (1,022) as SGA, and 15.5% (1,791) as LGA. With the elevation of SFVB12R categories (<5th percentile, 5–95th percentile, and >95th percentile), significant increasing trends were found for maternal age (28.0 vs. 28.6 vs. 29.3 years, P < 0.01), BMI (26.6 vs. 27.3 vs. 27.8 kg/m2, P < 0.001), proportion of female fetus (42.6 vs. 47.1 vs. 51.6%, P < 0.01), fetal birthweight (3,260 vs. 3,360 vs. 3,440 g, P < 0.001), and LGA (10.9 vs. 15.4 vs. 21.3%, P < 0.01), whereas an inverse trend was observed for SGA (12.6 vs. 8.8 vs. 6.4%, P < 0.01). When compared to women in the normal category of SFVB12R, the incidence of ICP and PTB were significantly higher for women in the low category (ICP: 11.2 vs. 5.9%, P < 0.01; PTB: 9.5 vs. 6.6%; P < 0.05; Table 1). There were significant differences in baseline characteristics between the SVB12 category levels, with the exception of delivery season, fetal sex, and the incidence of PE and PIH (Table 2). In addition, significant differences between the SF category levels were observed for maternal age, systolic blood pressure, gravidity, parity, gestational age, the rate of assistant production, delivery mode and season, the incidence of GDM and PE, and fetal birthweight (Table 3).


TABLE 1 Characteristics of study populations according to the categories of maternal serum folate/vitamin B12 ratio during late pregnancy.
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TABLE 2 Characteristics of study populations according to the categories of maternal serum vitamin B12 levels during late pregnancy.

[image: Table 2]


TABLE 3 Characteristics of study populations according to the categories of maternal serum folate levels during late pregnancy.
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Maternal SF, SVB12, SFVB12R, and fetal development

Compare with those with AGA neonates, the mothers with SGA had lower levels of SF and SFVB12R (median for SF: 9.07 vs. 9.88 μg/L, P < 0.01; for SFVB12R: 47.16 vs. 50.63, P < 0.01), while the mothers with LGA had a lower SVB12 level and a higher SFVB12R level (median for SVB12: 195 vs. 201 ng/L, P < 0.01; for SFVB12R: 52.68 vs. 50.63, P < 0.05). The levels of SF and SFVB12R in mothers with PTB were significantly lower compared with those in FTB (median for SF: 8.98 vs. 9.88 μg/L, P < 0.01; for SFVB12R: 46.46 vs. 50.83, P < 0.01; Table 4). Compared to women with normal SFVB12R, mean birthweight in women with high SFVB12R significantly increased by 60.99 g (95% CI: 29.52, 92.45), while mean birthweight in women with low SFVB12R decreased by 43.81 g (95% CI: −75.62, −12.00), respectively (all P < 0.01). In addition, high SVB12 significantly decreased gestational age and birthweight by 0.20 week (95% CI: −0.34, −0.06) and 61.87 g (95% CI: −94.26, −29.47), respectively (all P < 0.01; Table 5).


TABLE 4 The distribution of maternal serum levels of folate, vitamin B12, and their ratio on admission for labor according to birth outcomes.
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TABLE 5 β (95% CI) for fetal development associated with categories of maternal SF, SVB12 levels, and their ratio.
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Maternal SF, SVB12, SFVB12R, and pregnancy outcomes

Associations of maternal SF, SVB12, and SFVB12R with risk for adverse pregnancy outcomes in unadjusted and adjusted logistic regression models were shown in Tables 6, 7. Low SFVB12R was associated with increased ICP and PIH, and with decreased LGA; the adjusted ORs (95% CI) were 2.03 (1.54–2.67), 1.81 (1.09–3.00), and 0.75 (0.56–1.00), respectively. High SFVB12R was associated with increased LGA; the adjusted OR (95% CI) was 1.32 (1.06–1.65). High SVB12 was associated with increased GDM, ICP, PE, and PTB, and with decreased LGA; the adjusted ORs (95% CI) were 1.62 (1.24–2.11), 2.22 (1.67–2.96), 1.69 (1.04–2.74), and 0.70 (0.52–0.94), respectively. In addition, low SF was associated with increased ICP and PE, and with decreased GDM; the adjusted ORs (95% CI) were 1.58 (1.15–2.17), 1.89 (1.28–2.81), and 0.40 (0.25–0.69), respectively. The smooth curve fitting analysis revealed that maternal SF, SVB12, and SVB12R levels were associated with risks of pregnancy outcomes (GDM/ICP/PE/PTB) in a nonlinear fashion (Figures 2, 3).


TABLE 6 ORs and 95% CIs for different pregnancy complications with categories of maternal SF, SVB12 levels, and their ratio.
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TABLE 7 ORs and 95% CIs for adverse birth outcomes with maternal SF, SVB12 levels, and their ratio.
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FIGURE 2
 Smooth curve fitting analysis of SF, SVB12, and SFVB12R with the risk of pregnancy complications. For SFVB12R vs. pregnancy complications, adjusting for maternal age, BMI, gravidity, parity; for SF vs. pregnancy complications, additionally adjusting for SVB12; for SVB12 vs. pregnancy complications, additionally adjusting for SF. SFVB12R, serum folate to vitamin B12 ratio; SF, serum folate, SVB12, serum vitamin B12; GDM, gestational diabetes mellitus; ICP, intrahepatic cholestasis of pregnancy; PE, pre-eclampsia; PIH, pregnancy induced hypertension.
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FIGURE 3
 Smooth curve fitting analysis of SF, SVB12, and SFVB12R with the risk of adverse birth outcomes. For SFVB12R vs. PTB, adjusting for maternal age, BMI, gravidity, parity, blood pressure, GDM, ICP, PE, PIH, and fetal sex; for SFVB12R vs. SGA/LGA, additionally adjusting for gestational age; for SF vs. PTB, additionally adjusting for SVB12; for SF vs. SGA/LGA, additionally adjusting for SVB12; for SVB12 vs. PTB, additionally adjusting for SF; for SVB12 vs. SGA/LGA, additionally adjusting for SF. SF, serum folate; SVB12, serum vitamin B12; SFVB12R, serum folate to vitamin B12 ratio; GDM, gestational diabetes mellitus; ICP, intrahepatic cholestasis of pregnancy; PE, pre-eclampsia; PIH, pregnancy-induced hypertension; PTB, pre-term birth; SGA/LGA, small/large for gestational age.





Discussion

In this observational study, we comprehensively described the maternal profile of SF, SVB12, and their ratio in accordance with perinatal outcomes in the Chinese population and investigated the associations of maternal imbalance between folate and vitamin B12 with pregnancy complications and perinatal outcomes. Our retrospective study showed three important findings. First, it is the first report from China to suggest that higher SFVB12R increase the birthweight and is positively associated with the risk of LGA; while lower SFVB12R decrease the birthweight and is negatively associated with the risk of LGA; Second, we first reported that lower SFVB12R is associated with higher risks of ICP and PIH. Third, we conformed that abnormal maternal levels of SF and SVB12 are associated with the risks of pregnancy complications.

Folate and Vitamin B12 participate in the one-carbon metabolism cycle and are essential for the regulation of fetal growth (17). Insufficient levels of folate or vitamin B12 during pregnancy are associated with an increased risk of neural tube defects, poorer cognitive function, spontaneous abortion, stillbirth, fetal growth restriction, preterm delivery, and low birthweight (18–26). In the present study, we showed that lower SF levels (<5th percentile) reduced the birthweight and were positively related to SGA risk in unadjusted models, which were consistent with the previous cohort study by Baker et al. who reported that low folate status was associated with increased risk of SGA births (18). In our study, we found that the association between lower SF and high SGA did not show statistical significance after adjusting for SVB12 levels and other confounding factors. Furthermore, we showed no significant association of low vitamin B12 levels (<5th percentile) with birthweight and SGA risk in the unadjusted and adjusted analysis, which is in agreement with the population-based cohort study (27). In addition, inadequate maternal folate or vitamin B12 status has been linked to a high risk of PE or GDM (28, 29). In this observational study, we confirmed that lower SF levels were associated with a higher incidence of PE and ICP. To our best knowledge, this is the first study that correlated lower SF levels with higher ICP prevalence. In addition, we found that lower SVB12 levels decreased the risk of GDM (adjusted-OR: 0.41), while higher SVB12 levels increased the risk (adjusted-OR: 1.62). These results seem to be in accord with the recent study in China, in which vitamin B12 levels were positively associated with GDM risk (OR: 1.14 per 100 pg/mL) (11).

There is increasing recognition of the adverse outcomes caused by high levels and/or imbalance of folate and vitamin B12 with the widespread use of prenatal folate supplements. Cumulative evidence shows that high maternal folate levels and/or imbalance of folate and vitamin B12, represented by high folate and low vitamin B12 or high SFVB12R, increase GDM risk during pregnancy (9–12, 30). However, a Nurses' Health Study from the USA reported that high supplements of folate before pregnancy significantly decreased GDM risk (31). Our study indicated that higher SF levels, but not SFVB12R, were associated with increased risk of GDM in unadjusted models (OR: 1.58); however, after adjusting for available confounders, the P-value for the association changed from <0.001 to 0.065. Furthermore, we found no significant association between high SFVB12R and GDM in unadjusted and adjusted analysis. Similarly, a recent cohort study from China reported that the folate/vitamin B12 ratio from red blood cells was not associated with GDM risk (11). In an observational study from India, 49 full-term pregnant women indicated that an increased ratio of folate to vitamin B12 decreased neonatal birthweight (13). Another observational study on 492 Indian pregnant women suggested that high folate and low vitamin B12 intakes during pregnancy were associated with an increased risk of SGA (32). However, results from a recent cohort study on 2,632 Dutch pregnant women indicated that high folate and low vitamin B12 intakes in late pregnancy were not associated with birthweight (33). Conversely, our study indicated that high SFVB12R increased the birthweight (β: 60.99 g) and was positively associated with LGA risk (OR: 1.32). In addition, we observed a positive correlation between the levels of SF and SVB12 in our study population (r = 0.35; P < 0.001; data not shown). It is thus likely that the participants in this study took multivitamins in which proportions of folate and vitamin B12 were fixed. However, excess vitamin B12 status (or intake) during late pregnancy might be a concern. We first reported that higher SVB12 levels were associated with increased risks of ICP (OR: 2.22) and PE (OR: 1.69). In addition, high SVB12 decreased the birthweight (β: −138.61 g) and increased the risk of SGA by 1.43-fold in the crude logistic regression model. The P-value for the association between SVB12 and SGA risk changed from 0.007 to 0.053 after adjusting for the confounders. Case-control and cohort studies examining the association between maternal folate, vitamin B12 level, and their ratio, and adverse pregnancy outcomes have not reported consistent conclusions. Although the reasons for this discrepancy are unclear, it could be due to the differences in the gestational weeks when measurements of folate and vitamin B12 were taken between the studies. Longitudinal studies demonstrated that folate and vitamin B12 levels decrease significantly with the progress of pregnancy and reached the lowest point at delivery (34, 35). The discrepancies might be because of differences in study population frequencies of the MTHFR 677C>T polymorphism that could play a role in fetal growth and placental abruption (36, 37). Additionally, different cut-off criteria defining abnormal folate, vitamin B12 levels, and their ratio could contribute to this discrepancy, including tertiles, quartiles, different percentiles, and cut-off values.

The mechanisms by which abnormal maternal folate and vitamin B12 levels confer an increased risk of adverse pregnancy outcomes have not been well understood. Evidence from animal models revealed that maternal folate deficiency inhibited mTOR signaling, downregulates placental amino acid transporters, and led to fetal growth restriction in mice; B12 supplementation significantly upregulated placental miR-16 and miR-21 related to fetal growth and improved the birthweight of rats (38, 39). In human placental studies, low folate status has been shown to impact trophoblast viability and may alter the transport of nutrients to the fetus by mTOR folate sensing, and alter the miRNA expression and contribute to placental dysfunction underpinning common pregnancy disorders such as pre-eclampsia and fetal growth restriction (40, 41). In addition, both low and high folate levels had an adverse impact on placental development and function; B12 treatment may effectively neutralize the effect of excessive folic acid in vitro (42, 43). Moreover, an in vivo rodent study elucidated altered dietary ratios of folate and B12 could have more severe effects than individual deficiencies on the expression of transporters, related miRNAs, and DNA methylation in C57BL/6 mice, which play an important role in fetal development (44). Therefore, an imbalance between folate and vitamin B12 during pregnancy could theoretically cause adverse pregnancy outcomes through placental mechanisms (17). Our findings provide new insights for further study on the effect of maternal folate and vitamin B12 imbalance on birthweight alteration.

The strengths of this cohort study included the fact that its large sample size of 11,549 pregnant women with various levels of folate and vitamin B12 ensuring sufficient and reliable statistical power to determine the associations of an imbalance status between folate and vitamin B12 with adverse pregnancy outcomes by categories of SFVB12R. Additionally, folate and vitamin B12 levels were investigated in a single laboratory using the same instruments and settings minimizing test-induced variability. Finally, some available confounding factors were adjusted in the statistical analysis. However, several limitations of our retrospective study should be mentioned. First, detailed information on maternal socioeconomic status, history of pregnancy complications, dietary intake of vitamin B12 and folate, and medication for B vitamins deficiency was lacking, which may affect the statistical analysis. However, serum levels more accurately reflect the storage of folate and vitamin B12 in the body rather than diet assessment by self-report. Second, the present study was an observational cohort study, and it did not prove the levels of other metabolic markers of B vitamins such as methylmalonic acid, although methylmalonic acid levels are more sensitive and specific indicators of folate and vitamin B12 status. Third, due to the lack of folate and vitamin B12 before pregnancy and in early and mid pregnancy, our study did not investigate persistent effects caused by an imbalance of the B vitamins from early pregnancy to late pregnancy. Therefore, a prospective cohort study with a large population and improved design would be beneficial to further investigate the fluctuation of B vitamins imbalance in a longer observational period of reproductive-age women to determine its associations with adverse pregnancy outcomes.

In conclusion, our observational study displayed the maternal profile of SF, SVB12, and their ratio at hospital admission for delivery and suggested that an imbalance between folate and vitamin B12, represented by a higher or lower SFVB12R is significantly associated with adverse pregnancy outcomes (ICP/PIH/LGA).
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P5-P95
>P95
<P5

Gestational age (weeks)
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*B-values for gestational age were adjusted for maternal age, BMI, gravidity, parity, blood pressure, GDM, ICP, PE, PIH, and fetal sex; B-values for birthweight and birth length were

additionally adjusted for gestational age. ® Additionally adjusted for SVB12 levels. Additionally adjusted for SF levels.
OR, 0dds ratio; CI, confidence interval; SFVBI2R, serum folate to vitamin B12 ratio; P; percentile; SE, serum folate, SVB12, serum vitamin B12; GDM, gestational diabetes mel

intrahepatic cholestasis of pregnancy; PE, pre-eclampsia; PIH, pregnancy induced hypertension; BMI, body mass index.
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Adjusted
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SVB12°
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*OR values for gestational age were adjusted for maternal age, BMI, gravidity, parity, blood pressure, GDM, ICP, PE, PIH, and fetal sex; OR values for SGA and birth LGA were additionally
adjusted for gestational age.

> Additionally adjusted for SVB12 levels.  Additionally adjusted for SF levels.

OR, odds ratio; CI, confidence interval; PTB, pre-term birth; SGA/LGA, small/large for gestational age; SFVBI2R, serum folate to vitamin B12 ratio; P; percentile; SE, serum folate, SVB12,
serum vitamin B12; GDM, gestational diabetes mellitus; ICP, intrahepatic cholestasis of pregnancy; PE, pre-eclampsia; PIH, pregnancy induced hypertension; BMI, body mass index.
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