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Purpose: There remains a data gap on vitamin B12 and folate level in maternal and child populations. This study aimed to assess the 
status of vitamin B12 and folate in maternal serum (MS) and umbilical cord serum (UCS).
Materials and Methods: This was a planned secondary analysis of a case-control study. A total of 858 pregnant women during late 
pregnancy and their newborns in the hospitals of China were included. Maternal peripheral venous blood and neonatal umbilical cord 
blood were collected to determine serum vitamin B12 and folate concentration. Relationship of vitamin B12 or folate concentration 
between MS and UCS was assessed by a quantile regression model and the non-linear relationship between them was examined.
Results: Nutritional status of serum folate was better than that of vitamin B12. Prevalence of deficiency in MS vitamin B12 and folate 
was 73.4% and 14.2%, respectively and these figures were about 17.8% and 0.1% in UCS. Both vitamin B12 and folate levels in UCS 
were significantly higher than those in MS (vitamin B12: 321.0 pg/mL vs 158.3 pg/mL, folate: 16.5 ng/mL vs 7.0 ng/mL, P <0.001). 
The median UCS-MS ratio of vitamin B12 and folate was 2.0 (95% CI: 1.94–2.06) and 2.4 (95% CI: 2.30–2.53), respectively. The 
levels of folate and vitamin B12 in UCS increased nonlinearly with their increase in MS which presented an inverted U-shaped curve.
Conclusion: Deficiency in vitamin B12 and folate in the women during late pregnancy in China is prevalent. Nutritional status of the 
two vitamins in umbilical cord serum is correlated nonlinearly with that in maternal serum. Folic acid supplementation may be 
accompanied with vitamin B12 to improve status of vitamin B12 and folate during pregnancy.
Keywords: vitamin B12, folate, umbilical cord serum, maternal serum, pregnancy

Folate is a well-known B vitamin and participates in the synthesis of nucleic acids and amino acids in the form of 
tetrahydrofolate which is an indispensable substance in the development of nerve cells. Folic acid supplementation 
during pregnancy has been verified to reduce the incidence of neural tube defects and was also associated with a reduced 
risk of pre-eclampsia, congenital heart disease, and preterm birth.1,2 Many countries have adopted folic acid supple-
mentation policies, which have played a significant role in the prevention of neural tube defects (NTDs). However, the 
prevalence of NTDs has not been continuously reduced. The reasons for this phenomenon are complex, except that the 
compliance with folic acid administration was low, and vitamin B12 deficiency might need to be considered.3–5 Vitamin 
B12 functions as a coenzyme in the body, and its lack may affect the folic acid metabolic pathway.6 A cohort study in 
Canada showed a 3-fold increase in the risk of NTDs in mothers who had vitamin B12 status in the lower quartile, 
regardless of folic acid fortification, suggesting that simultaneous fortification of vitamin B12 may reduce NTDs more 
than folic acid fortification alone.7 Moreover, poor maternal vitamin B12 status may increase the risk of adverse 
pregnancy outcomes such as NTDs, premature delivery, and low birth weight.8–10

Vitamin B12 and folate deficiency may exist in different populations. Studies on blood vitamin B12 and folate levels 
have been carried out in preschool-aged children, school-aged children, pregnant women or lactating women, elderly 
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people and adults but most of the data were from adults.11,12 As a vulnerable population, the deficiency of such vitamins 
in pregnant women not only affects their own health but also influences fetal development. Maternal vitamin B12 and 
folate are transported into the fetus through the placenta to maintain the growth and development of the fetus. However, 
the data on maternal blood vitamin B12 and folate concentration at population level, especially umbilical cord blood, 
were still limited. Previous studies in the UK, South Korea, and Ireland showed higher concentrations of vitamin B12 and 
folate in cord blood than in maternal blood13–15 but the pattern of change has not been clear. Further, the data on blood 
vitamin B12 and folate from China are sparse. The available studies showed that adults in northern China had lower 
concentrations of vitamin B12 and folate than those in the south.16 Our previous survey also showed low vitamin B12 in 
women of childbearing age in Shaanxi, China and 45.5% of prevalence of deficiency.17 In order to fill in such an 
important data gap, this study was conducted to assess the status of vitamin B12 and folate in maternal peripheral venous 
blood during late pregnancy and umbilical cord blood of newborns by using data from a population-based study, and 
further investigated the relationship between folate and vitamin B12 in maternal blood and their levels in cord blood 
among the Chinese population.

Materials and Methods
Data and Participants
The data of this study were from a case-control study on risk factors of congenital heart disease, which was conducted in 
six tertiary grade A hospitals in Shaanxi province of China from 2014 to 2016, all of which were monitoring sites for 
birth defects. The study design and investigation has been described elsewhere.18 In present study, the newborns and their 
mothers in the control group (excluding birth defects) were selected. On this basis, the participants who lacked 
questionnaire key information, blood samples or the values of folate and vitamin B12 were excluded, and 858 mothers 
and their newborns were eventually included. The flow chart of participant selection is shown in Figure S1. There was no 
significant difference in the basic characteristics between the subjects included and those excluded (Table S1). Based on 
the previous folate deficiency rate of females (15%) in Shaanxi Province,17 level of α=0.05 and the relative difference of 
20%, the estimated sample size was 567. Considering the non-response of the survey, the sample size was expanded by 
20% and at least 680 subjects were required. Finally, 858 participants were included in present study, which provided 
enough power for statistical analysis.

A self-administered questionnaire was developed to collect information and investigators conducted face-to-face 
surveys with the participants. The questionnaire covered the information on socio-demographic status, exposure to 
environmental risk factors, nutrient supplementation and medication during pregnancy, diseases during pregnancy, family 
history, reproductive history, and health care during pregnancy. Both maternal and umbilical cord blood samples were 
collected in the hospital for biomarker detection. Personnel involved in the questionnaire survey, blood samples 
collection, transportation and detection have received unified training to ensure standard operation. The study was 
performed in accordance with the Declaration of Helsinki and approved by the ethics committee of Xi’an Jiaotong 
University Health Science Center (No. 2012008). All participants signed written informed consent.

Measurement of Vitamin B12 and Folate
Three milliliter peripheral venous blood was collected when pregnant women were waiting for delivery in the hospitals, 
and 3 mL neonatal umbilical cord blood was collected immediately from umbilical cords after delivery. All blood 
specimens were transported on dry ice to the laboratory center of School of Public Health, Xi’an Jiaotong University and 
the samples were centrifuged and serum was stored at −70°C. Serum vitamin B12 and folic acid were detected by 
chemiluminescence method, and the instrument used was an Abbott luminometer and its matching reagents (7k61.35 
vitamin B12 test kit, 1p74.35 folate test kit). All measurements were performed by Xi’an Jinyu Medical Assay Co., Ltd. 
Key biomarkers in this study were serum vitamin B12 and folate. The serum folate concentration of <3 ng/mL was used 
to define folate deficiency and 3–6 ng/mL for marginal folate status. Vitamin B12 status was defined as deficiency based 
on serum vitamin B12 concentration of <200 pg/mL and 200–300 pg/mL for marginal vitamin B12 status.19
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Assessment of Covariates
According to the literature13,14,20 and the characteristics of this study, the covariates considered in the study were socio- 
demographic characteristics including maternal residence, maternal age, maternal educational level, neonatal gender, gestational 
age, and parity and maternal health-related factors from 3 months before pregnancy to delivery covering passive smoking, having 
had a cold, and folic acid supplementation. Gestational age was calculated based on the date of last menstruation and the date of 
delivery. This study grouped the participants into primiparous and multiparous women. Passive smoking was defined as exposure 
to tobacco smoke from someone nearby for more than 15 minutes at least one day a week. The women were determined as having 
had a cold when they reported the symptoms of upper respiratory tract infections such as nasal congestion and runny nose. Folic 
acid supplementation referred to taking folic acid supplements (0.4 mg/day) for more than 30 days during pregnancy.

Statistical Analysis
Right-skewed distributions of serum vitamin B12 and folate concentration were observed according to the Shapiro–Wilk 
test. Consequently the median and quartile spacing were used to describe vitamin B12 and folate concentration in 
maternal serum (MS) and umbilical cord serum (UCS). The Mann–Whitney U-test was applied to compare difference in 
folate and vitamin B12 between the groups of interest. In order to explore the relationship of vitamin B12 or folate 
concentration between MS and UCS, a quantile regression model was established, which would allow the impact of the 
vitamin status in UCS to vary along the whole range of vitamin status in MS. The coefficients unadjusted and adjusted 
for covariates and their 95% confidence interval (CIs) for selected quantiles (10, 20, 30, …, 90 quantile) were estimated 
and a positive coefficient at each quantile indicated an increasing amount of UCS vitamin B12 or folate concentration 
with increase of MS vitamin B12 or folate concentration. Accordingly the coefficients were also estimated from a typical 
regression using ordinary least squares (OLS) to provide a basis for comparison with the quantile regression. Further, the 
curve estimation regression model was also established to reveal a non-linear relationship between MS and UCS vitamin 
B12 and folate concentration. Finally, a quadratic equation was tried to fit the non-linear relationship. The expression of 
the model was Ŷ ¼ β1 þ β2X2 þ β3X, where Ŷ was the estimation value of micronutrient concentration in UCS, X was 
the value of micronutrient concentration in MS, and β1 was a constant and β2/β3 were corresponding coefficients. The 
vertex coordinates of the quadratic equation were calculated from the expressions � β3=2β2; 4β2β1� β3

2� �
=4β2

� �
. 

Moreover, UCS-MS ratio of micronutrient concentration was determined as the value of UCS concentration divided 
by MS micronutrient concentration, reflecting the relative micronutrient concentration of UCS concentration to MS 
concentration. The 95% CI of the median of ratio was estimated by the Bootstrap method. In addition, the subgroup 
analysis on the ratio was also conducted by main covariates to explore the robustness of the relationship in the 
concentrations of the two vitamins between UCS and MS. All analyses were performed using SPSS Statistics version 
21 and R version 3.5.2, with P < 0.05 as the difference being statistically significant.

Results
Characteristics of the Participants
In total 858 mothers were included in this study, with an average age of 28.91±3.94 years old. A majority of the 
mothers (78.0%) had college education or above, and 69.3% of them lived in cities. Male newborns accounted for 50.2%. 
Primiparous mothers accounted for 75.9% and mothers with gestational age less than 37 weeks accounted for 5.7%; 
44.8% of mothers had a cold from 3 months before pregnancy to delivery, 10.6% experienced passive smoking during 
pregnancy, and 89.0% had supplemented with folic acid during pregnancy (Table 1).

Status of Vitamin B12 and Folate in MS and UCS
Table 1 shows that the urban mothers had higher MS vitamin B12 and folate concentrations, and the mothers who were 
older or more educated had higher vitamin B12 and folate concentrations. The folate concentration of mothers who 
received folic acid supplementation was higher than those who did not (P <0.05). As shown in Table 2, the concentration 
of UCS vitamin B12 was significantly higher in the mothers who lived in cities, were more educated, and received folic 
acid supplementation (P <0.05). UCS vitamin B12 concentration was significantly lower in the primiparous mothers and 
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the mothers who had been exposed to passive smoke, as well as in newborns whose gestational age was less than 37 
weeks (P <0.05). UCS folate concentration was not statistically significant among the groups. The median was 158.3 pg/ 
mL for MS vitamin B12 and 321.0 pg/mL for UCS vitamin B12. The median of MS folate was 7.0 ng/mL and 16.5 ng/mL 
UCS folate. The prevalence of MS vitamin B12 deficiency was 73.4%, while that of UCS vitamin B12 was 17.8%. The 
status of serum folate was better than that of vitamin B12 and the prevalence of MS folate deficiency was 14.2%, while 
that of UCS folate was only 0.1%.

Relationship Between MS and UCS in Vitamin B12 and Folate
Figure 1 shows a box plot of UCS concentration according to MS concentration quantiles. The median of UCS vitamin 
B12 concentration increased from 234.2 pg/mL at the 20th percentile group to 404.9 pg/mL at the 80th percentile group, 
and the median UCS folate concentration increased from 13.8 ng/mL at the 20th percentile group to 17.9 ng/mL at the 
80th percentile group. In general, as the concentration of MS increased from low to high quantiles, the median 
concentrations of vitamin B12 and folate in UCS also increased, and the concentration of UCS at any quantile groups 
was higher than the corresponding MS concentration.

Table 1 The Concentration of Maternal Serum Vitamin B12 and Folate by Socio-Demographic Characteristics and Maternal Health- 
Related Factors

n (%) Vitamin B12 (pg/mL) Folate (ng/mL)

Median (P25,P75) P Median (P25,P75) P

Total 858 158.3 (125.3, 203.4) 7.0 (4.2, 11.7)
Socio-demographic characteristics

Maternal residence <0.001 0.020

Urban 595 (69.3) 165.6 (130.9, 209.6) 7.3 (4.3, 12.2)
Rural 263 (30.7) 147.0 (112.0, 189.6) 6.4 (4.1, 10.4)

Maternal age (years) 0.028 <0.001

<30 549 (64.0) 154.5 (124.1, 197.4) 6.4 (4.0, 11.1)
≥30 309 (36.0) 169.7 (127.1, 211.0) 8.2 (4.8, 12.6)

Maternal educational level <0.001 0.034

College or above 669 (78.0) 161.9 (129.7, 209.7) 7.3 (4.2, 12.0)
High school 109 (12.7) 149.9 (119.3, 192.4) 6.8 (4.2, 10.6)

Junior high school or below 80 (9.3) 135.1 (108.1, 178.1) 5.8 (3.8, 9.3)

Neonatal gender 0.634 0.994
Male 431 (50.2) 160.2 (124.3, 206.2) 7.0 (4.0, 11.8)

Female 427 (49.8) 156.5 (126.6, 199.5) 6.9 (4.3, 11.6)

Gestational age (weeks) 0.839 0.355
<37 49 (5.7) 149.9 (121.4, 208.6) 6.7 (3.6, 9.6)

≧37 809 (94.3) 158.8 (125.8, 202.9) 7.0 (4.2, 11.7)

Parity 0.240 0.804
Primiparous 651 (75.9) 155.5 (120.4, 199.0) 6.9 (4.7, 11.5)

Multiparous 207 (24.1) 158.5 (127.4, 203.6) 7.0 (4.1, 11.8)

Maternal health-related factors from 3 
months before pregnancy to delivery

Passive smoking 0.081 0.344
Yes 91 (10.6) 150.6 (116.1, 191.7) 6.0 (3.8, 10.8)

No 767 (89.4) 160.0 (126.8, 204.5) 7.1 (4.2, 11.8)

Cold 0.645 0.298
Yes 384 (44.8) 155.5 (124.1, 201.4) 6.7 (3.9, 11.7)

No 474 (55.2) 161.2 (127.3, 204.6) 7.3 (4.3, 11.8)

Folic acid supplementation 0.070 0.036
Yes 764 (89.0) 172.3 (133.6, 215.8) 8.6 (4.9, 12.9)

No 94 (11.0) 155.9 (124.7, 201.4) 6.9 (4.1, 11.5)
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The concentrations of both vitamin B12 and folate in UCS were significantly higher than those in MS (vitamin B12: 
321.0 pg/mL vs 158.3 pg/mL, folate: 16.5 ng/mL vs 7.0 ng/mL, both P <0.001). The median UCS-MS ratio of vitamin 
B12 and folate was 2.0 (95% CI: 1.94–2.06) and 2.4 (95% CI: 2.30–2.53), respectively. Further subgroup analysis 
indicated that the concentration ratio of UCS and MS was consistent regardless of main covariates, suggesting a robust 
relationship of folate and vitamin B12 between MS and UCS (Figure S2).

Quantile Regression Analysis
Quantile regression was used to further investigate the relationship in folate and vitamin B12 between MS and UCS. 
Table 3 shows that the regression coefficients were statistically significant (P <0.001) even controlling for potential 
covariates, indicating the significantly positive relationship between MS and UCS folate and vitamin B12. OLS results 
found that the concentration of UCS vitamin B12 increased by 1.68 pg/mL on average for every 1 pg/mL increase in MS 
concentration, and the concentration of UCS folate increased by 0.38 ng/mL on average for every 1 ng/mL increase in 
MS concentration. Regarding MS vitamin concentration as independent variable and UCS vitamin concentration as 
dependent variable, a quadratic relationship between them was found to be statistically significant and showed an 

Table 2 The Concentration of Vitamin B12 and Folate in UCS by Socio-Demographic Characteristics and Maternal Health-Related 
Factors

n (%) Vitamin B12 (pg/mL) Folate (ng/mL)

Median (P25,P75) P Median (P25,P75) P

Total 858 321.0 (226.4, 464.4) 16.5 (14.1, 18.5)
Socio-demographic characteristics

Maternal residence <0.001 0.707

Urban 595 (69.3) 342.3 (257.7, 515.2) 16.6 (14.3, 18.4)
Rural 263 (30.7) 257.1 (185.7, 374.0) 16.3 (13.8, 18.5)

Maternal age (years) 0.290 0.053

<30 549 (64.0) 315.7 (225.2, 450.4) 16.3 (13.8, 18.4)
≧30 309 (36.0) 329.5 (233.2, 492.4) 16.9 (14.6, 18.5)

Maternal educational level <0.001 0.498

College or above 669 (78.0) 338.2 (246.4, 497.9) 16.6 (14.2, 18.5)
High school 109 (12.7) 280.4 (185.8, 401.4) 16.3 (14.3, 18.5)

Junior high school or below 80 (9.3) 244.2 (170.2, 322.7) 15.9 (13.6, 18.1)

Neonatal gender 0.819 0.900
Male 431 (50.2) 316.8 (223.3, 486.8) 16.6 (14.0, 18.5)

Female 427 (49.8) 322.5 (234.3, 447.9) 16.4 (14.2, 18.5)

Gestational age (weeks) <0.001 0.419
<37 49 (5.7) 260.8 (185.7, 328.9) 16.5 (14.1, 18.4)

≧37 809 (94.3) 325.4 (232.4, 474.7) 17.2 (13.8, 18.7)

Parity <0.001 0.167
Primiparous 651 (75.9) 268.5 (185.7, 395.5) 16.3 (13.6, 18.3)

Multiparous 207 (24.1) 337.0 (243.7, 495.9) 16.5 (14.2, 18.5)

Maternal health-related factors from 3 months 
before pregnancy to delivery

Passive smoking <0.001 0.177
Yes 91 (10.6) 251.8 (185.1, 389.8) 16.1 (13.6, 17.9)

No 767 (89.4) 325.7 (234.8, 472.4) 16.6 (14.2, 18.5)

Cold 0.598 0.490
Yes 384 (44.8) 315.0 (221.9, 466.7) 16.3 (13.8, 18.5)

No 474 (55.2) 324.1 (234.8, 457.6) 16.6 (14.3, 18.4)

Folic acid supplementation 0.040 0.646
Yes 764 (89.0) 361.6 (247.3, 563.0) 16.5 (14.1, 18.5)

No 94 (11.0) 319.2 (224.3, 457.2) 16.4 (14.1, 18.3)
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inverted U-shaped curve. The vertex coordinates of the curve could be calculated (vitamin B12: (515.83, 739.40 pg/mL), 
folate: (29.55, 22.83 ng/mL)). It meant that UCS vitamin B12 increased with the increase of MS vitamin B12 and reached 
peak value (739.40 pg/mL) at the 515.83 pg/mL of MS vitamin B12. Also, it was observed that UCS vitamin B12 

increasingly slowed down after 300 pg/mL of MS B12. For folate, a similar pattern was found. The increasing extent of 
UCS folate diminished after the MS folate reached approximately 15 ng/mL (Figure 2).

Discussion
Vitamin B12 and folate are vital during embryonic development. In order to prevent the adverse effects caused by 
insufficiency or deficiency in vitamin B12 and folate during pregnancy, various interventions including micronutrient 
supplementation have been taken worldwide.3–5 However, more epidemiological profiles on these two vitamins in 
maternal and child populations are required, especially for vitamin B12. This study filled in this evidence gap to some 
extent by evaluating the status of vitamin B12 and folate in maternal and umbilical cord blood.

The main finding from this study was that deficiency in vitamin B12 and folate in women during late pregnancy was 
still prevalent in China. The prevalence of deficiency in maternal vitamin B12 and folate was 73.4% and 14.2%, 
respectively. The prevalence of folate deficiency in adults was about 0–25% worldwide,11 and about 6–37% in other 
regions of China.16 Consequently, the women in late pregnancy in our study may be at a moderate level of folate 

Figure 1 The UCS concentrations at quantiles of MS vitamin B12 and folate.
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deficiency. The vitamin B12 deficiency rate of pregnant women varied from 0 to 74.1% around the world.12 Obviously, 
this study found a higher deficiency in maternal vitamin B12 which implies a salient public health issue for Chinese 
pregnant women. The human body cannot actively synthesize vitamin B12 and folate, so it needs to be supplied from an 

Table 3 Quantile Regression on the Relationship Between MS and UCS Vitamin B12 and Folate Levels (β, 95% CI)

Quantiles Model 1a Model 2b Model 3c

UCS Vitamin B12 UCS Folate UCS Vitamin B12 UCS Folate UCS Vitamin B12 UCS Folate

10 0.95* (0.79, 1.10) 0.25* (0.16, 0.34) 0.98* (0.84, 1.12) 0.27* (0.19, 0.35) 0.89* (0.75, 1.03) 0.25* (0.16, 0.35)

20 1.09* (0.96, 1.22) 0.32* (0.26, 0.39) 1.11* (0.97, 1.25) 0.33* (0.26, 0.39) 1.08* (0.95, 1.22) 0.33* (0.27, 0.39)
30 1.29* (1.15, 1.43) 0.33* (0.29, 0.37) 1.34* (1.19, 1.49) 0.33* (0.28, 0.37) 1.24* (1.09, 1.38) 0.32* (0.27, 0.37)

40 1.57* (1.41, 1.73) 0.31* (0.27, 0.35) 1.55* (1.39, 1.72) 0.31* (0.27, 0.35) 1.36* (1.19, 1.53) 0.30* (0.25, 0.34)

50 1.75* (1.58, 1.93) 0.28* (0.24, 0.32) 1.84* (1.66, 2.02) 0.28* (0.24, 0.32) 1.68* (1.49, 1.86) 0.28* (0.24, 0.33)
60 2.05* (1.82, 2.28) 0.26* (0.22, 0.30) 2.09* (1.87, 2.32) 0.27* (0.23, 0.31) 1.89* (1.66, 2.13) 0.27* (0.23, 0.31)

70 2.53* (2.28, 2.78) 0.27* (0.22, 0.32) 2.56* (2.31, 2.81) 0.27* (0.22, 0.32) 2.41* (2.15, 2.68) 0.28* (0.23, 0.33)

80 2.68* (2.42, 2.94) 0.33* (0.15, 0.52) 2.87* (2.63, 3.11) 0.33* (0.14, 0.52) 2.58* (2.32, 2.84) 0.37* (0.18, 0.56)
90 3.11* (2.59, 3.63) 1.20* (0.75, 1.66) 3.07* (2.52, 3.62) 1.21* (0.77, 1.65) 2.95* (2.39, 3.52) 1.04* (0.66, 1.43)

OLS 1.76* (1.57, 1.95) 0.38* (0.30, 0.46) 1.81* (1.63, 2.00) 0.38* (0.30, 0.46) 1.68* (1.49, 1.87) 0.38* (0.30, 0.46)

Notes: aModel 1 did not adjust for covariates. bModel 2 adjusted for gestational age. In addition to the above covariates, analysis of folate levels adjusted the levels of MS 
vitamin B12. 

cModel 3 adjusted for socio-demographic characteristics (maternal residence, maternal age, maternal educational level, neonatal gender, gestational age, and 
parity) and maternal health-related factors from 3 months before pregnancy to delivery (passive smoking, cold, and folic acid supplementation). In addition to the above 
covariates, analysis of folate levels adjusted the levels of MS vitamin B12. *P <0. 001.

Figure 2 The curve relation between MS and UCS concentration of folate and vitamin B12. 
Notes: The solid line in the figure represents predictive value of the regression curve and the shaded part represents the 95% confidence interval of predictive value (the 
quadratic fit reaches significance, P <0.05).
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external source. If pregnant women do not pay attention to increase the intake of such vitamins from diet or supplements, 
it was very likely they will be insufficient in those vitamins in the body, which could affect the health of themselves and 
the fetus. Such lower vitamin B12 may be largely due to female poor dietary patterns. According to our previous 
investigation, the dietary pattern of pregnant women in Shaanxi province was not balanced, and the intake of foods 
derived from animals was insufficient,21 which partly accounted for deficiency in maternal folate and vitamin B12. 
Therefore, a balanced dietary pattern and an increase in the intake of animal-derived food may be an important way to 
improve the vitamin B12 status of Chinese women. In addition, consumption of processed foods and reheating of cooked 
foods can reduce the bioavailability of vitamins in food products and may reduce the vitamin levels including vitamin 
B of the population.22–24 A Brazilian cohort study has shown that lower maternal B12 was associated with lower levels of 
the methyl donor (S-adenosyl methionine) in the cord blood, which could affect the metabolic pathway of folate, leading 
to folate deficiency or aggravating the symptoms of folate deficiency.25 Lower maternal vitamin B12 and folate could 
increase the concentration of homocysteine, which may be related to NTDs, cardiovascular diseases, kidney diseases, and 
other diseases.8,20,26 The symptoms due to vitamin B12 deficiency were largely similar to those of folate deficiency, and 
increased folic acid intake could interfere with the clinical diagnosis of vitamin B12 deficiency,6 which means that folic 
acid supplementation may cover up the lack of vitamin B12, so it is suggested that attention should also be paid to 
replenishment of vitamin B12 in the practice of maternal folic acid supplementation.

Socio-demographic factors could affect dietary intake of micronutrients, among them residence, age, and educational 
level of women could be key variables.16,27–29 In our study, the rural pregnant women presented lower folate and vitamin 
B12 than the urban women, which was also similar to the urban-rural differences found in other areas of China.16 The 
difference in economic development and lifestyle between rural and urban areas in China could account for the variation 
of these two vitamin levels during pregnancy. Studies indicated that low folate concentration of pregnant women was 
related to young age, lower education level, and annual income of the mothers.29 The serum vitamin B12 and folate 
concentration of women over 30 years old were significantly higher than those of women under 30 years old. This may 
be due to young women’s insufficient awareness of pregnancy nutrition supplements and the high rate of unwanted 
pregnancy, most of which are unplanned pregnancies, or lack of preparation before pregnancy,28 while older women have 
higher awareness of pregnancy related knowledge and adequate pregnancy planning due to their higher risk of pregnancy 
and childbirth, so vitamin B12 and folate levels would increase to varying degrees.27 Interestingly, these factors seemed 
not to affect vitamin B12 level in umbilical cord blood.

A significantly positive relationship was found between MS and UCS in term of vitamin B12 and folate in that the two 
vitamins of UCS increased with increase of those in MS. Even after controlling for potential confounders, this close 
relationship persisted. It should be noted that UCS vitamins increased slowly and even showed a downward trend when 
the vitamins of MS increased to a certain level, which clearly presented an inverted U-shaped curve indicating a non- 
linear relationship. Generally, the concentration of UCS was significantly higher than that of MS. The concentration of 
vitamin B12 in UCS was about 2 times that of MS, and the concentration of folate in UCS was about 2.4 times that of MS 
in the Chinese population. Molloy’s study showed that the concentration of vitamin B12 in umbilical cord plasma was 
nearly 70% higher than that in maternal plasma, and the concentration of folate in umbilical cord plasma was nearly 80% 
higher than in maternal plasma in pregnant women in Ireland.15 Ahn found that folate concentration in UCS was 2.1 
times that of MS in Korean pregnant women.14 Our results further confirmed these studies but implied that such 
differences between maternal and cord blood could vary slightly across different populations. This study supported the 
fact of fetal priority in pregnancy that the transport of vitamin B12 and folate from mother to fetus was the result of the 
active transport of the placenta, regardless of socio-demographic characteristics and maternal health-related factors from 
3 months before pregnancy to delivery. The transport of vitamin B12 and folate from mother to fetus was closely related 
to the activity of folate transporters (FOLR1, RFC1, and HCP1/PCFT).30–32 Vitamin B12 and folate may be accumulated 
in the placenta or umbilical cord of the mother and then transported to the fetus.14 This mechanism may be the reason for 
the fetal concentration staying higher than the maternal concentration, and may mitigate some of the adverse pregnancy 
outcomes associated with maternal vitamin B12 and folate deficiencies. Previous studies showed that zinc concentration 
was significantly higher in umbilical cord blood than in maternal blood, whereas maternal cadmium, lead, selenium, and 
cuprum levels were significantly higher than those in umbilical cord blood, suggesting that the placental barrier may have 
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some protective effects, which could reduce the adverse consequences of heavy metal exposure and nutrient deficiency in 
the fetus.33,34

This study evaluated the status of vitamin B12 and folate in MS and UCS using a large sample, which could provide 
practical data support for a micronutrient supplementation program. An inverted U-shaped curve was found between MS 
and UCS in vitamin B12 and folate, which quantitatively evaluated the relationship of the two vitamins between MS and 
UCS. However, several limitations should be considered when interpreting the results. First, the participants came from 
urban hospitals in northwest China, and the proportion of urban women with higher education was relatively high, which 
affected the representativeness of the sample to some extent thus the generalization of results to the whole Chinese 
population should be cautious. Second, the serum folate concentration measured in this study was a short-term folate 
indicator while the red blood cell folate concentration can be a better indicator. Unfortunately, this indicator was 
unavailable due to limited conditions. Finally, so far there have been no rational reference values of vitamin B12 and 
folate concentration for maternal peripheral venous blood and umbilical cord blood. The physiological state of pregnant 
women has changed, so using the standard of the general population may not estimate correctly the prevalence of 
deficiency. In addition, the thresholds for folate deficiency or marginal deficiency used in this study were established to 
prevent megaloblastic anemia, but there has been no accepted standard for the prevention of NTDs. A recent study 
proposed 11.26 ng/mL as the preventive threshold of NTDs but it may be inappropriate for populations with high 
prevalence of vitamin B-12 deficiency or marginal deficiency.35 According to this threshold, the estimated prevalence of 
folate deficiency in our sample was 72.4% in maternal blood and 8.4% in umbilical cord blood, which was far higher 
than those from the current standard. Vitamin B12 is involved in folate metabolism and its internal level may affect the 
level of this threshold.35 There was high deficiency in vitamin B12 among our participants, which could affect the 
application of the threshold. Further, it would be worth measuring additionally the concentration of either homocysteine, 
methylmalonic acid or transcobalamin as additional indicators of vitamin B12 deficiency.36 In view of the importance of 
the prevention of NTDs, how to define the standard of folate deficiency in groups with a high proportion of vitamin B12 

deficiency needs further study. Moreover, the association between maternal folate and vitamin B12 requires further 
investigation.

In conclusion, both vitamin B12 and folate are deficient to some extent in Chinese parturient women and the 
nutritional status of maternal vitamin B12 is worse. On average the concentration of vitamin B12 and folate in umbilical 
cord blood is about twice as high as that in maternal blood but the relationship is nonlinear, presenting an inverted 
U-shaped curve. Improving maternal dietary nutrition and increasing supplementation with folate and vitamin B12 during 
pregnancy require particular attention in maternal and child care. Given the high risk of vitamin B12 deficiency, vitamin 
B12 supplementation should be combined with folic acid supplementation to further benefit fetal growth. In addition, 
more evidence linking vitamin B12 deficiency to adverse pregnancy outcomes is needed in future research.
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