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Abstract

Background & Aims—B-vitamins and homocysteine may contribute to the development of 

gestational diabetes mellitus (GDM), but existing studies are inconsistent. We examined the cross-

sectional associations of plasma folate, vitamins B6, B12, and homocysteine concentrations with 

GDM and glycaemia in a sample of multi-ethnic Asian pregnant women.
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Methods—Plasma concentrations of folate, vitamins B6, B12, homocysteine and glucose were 

measured at 26-weeks’ gestation in 913 pregnant women. GDM was diagnosed using the 1999 

World Health Organization criteria. Associations were examined with linear or logistic regression, 

adjusted for confounders and stratified by ethnicity.

Results—Higher plasma folate was associated with higher 2-hour glucose and higher odds of 

GDM [0.15 (0.02, 0.23) per 1-SD increment in folate, OR 1.29 (1.00, 1.60)], mainly among Indian 

mothers. Higher plasma vitamin B12 and homocysteine were associated with lower fasting and 2-

hour glucose, and lower odds of GDM [-0.04 (-0.07, -0.01) per 1-SD increment in B12 and -0.09 

(-0.18, -0.003) respectively, OR: 0.81 (0.68, 0.97); -0.05 (-0.08, -0.02) per 1-SD increment in 

homocysteine and -0.12 (-0.21, -0.02) respectively, OR: 0.76 (0.62, 0.92)]. The highest odds of 

GDM were observed among women with combined vitamin B12 insufficiency and high folate 

concentration [OR: 1.97 (1.05, 3.68)]. An association between higher vitamin B6 and higher 2-

hour glucose shifted towards null adjusting for other B-vitamins.

Conclusions—Higher maternal folate coupled with vitamin B12 insufficiency was associated 

with higher GDM risk. This finding has potential implications for antenatal supplement 

recommendations but will require confirmation in future studies.
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Introduction

Gestational diabetes mellitus (GDM) is diagnosed when a woman has high blood sugar 

levels for the first time during pregnancy [1]. Globally, the prevalence of GDM is 

approximately 17%, but a number of Asian countries have a much higher prevalence of more 

than 20% [2]. The increased risk of GDM among certain Asian ethnic groups [3, 4], 

advanced maternal age, and the increasing prevalence of obesity in this region [5] are all 

contributing factors to the high prevalence of GDM in Asia. If poorly managed, this 

metabolic disorder increases risk of pre-eclampsia in mothers, and preterm birth, 

hypoglycemia and macrosomia in infants [2]. With GDM on the rise, there is urgent need for 

more cost-effective strategies to reduce the burden of maternal and offspring consequences.

Much research to date has been conducted on maternal macronutrient intake especially 

carbohydrates and fats in relation to the risk of GDM [6], but less is known about the role of 

micronutrients, including B-vitamins, in influencing GDM. It has been proposed that B-

vitamins, in particular folate, vitamins B6 and B12, may be involved in the pathogenesis of 

glucose intolerance due to their ability to regulate synthesis of homocysteine [7], which at 

elevated concentrations has been linked with insulin resistance [8, 9]. Although there is no 

definitive evidence, it has been speculated that elevated homocysteine concentrations 

impairs endothelial function in skeletal muscles, adipose tissue and liver, thus reducing 

insulin delivery to these insulin-sensitive tissues [10, 11].

Results from studies relating maternal folate, vitamins B6 and B12 and homocysteine to 

blood glucose concentrations or GDM risk have been inconclusive. In a cohort study in 
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China, daily intake of folate supplements during early pregnancy was associated with a 

higher risk of GDM [12]. Being vitamin B12 deficient when pregnant was associated with a 

higher risk of GDM and type 2 diabetes mellitus (T2DM) at five years postpartum in a 

subpopulation of South Asian Indians [13]. Lower vitamin B12 concentrations were 

observed in a group of Italian women with GDM compared to healthy subjects [14]; 

however, in several other European populations, folate and vitamin B12 concentrations did 

not differ substantially for women with GDM compared to those without [15–17]. Similarly, 

in a UK study, no significant association between plasma vitamin B12 concentration and 

fasting plasma glucose was observed [18]. An intervention study in the Netherlands 

demonstrated a reduction in postprandial glucose concentrations in pregnant women after 

vitamin B6 supplementation [19]. Higher homocysteine concentrations have been associated 

with GDM women in some [14, 15, 17] but not all [16, 20, 21] cross-sectional studies in 

Western populations.

Most studies to date have been conducted in Western settings [14–21], but recent evidence 

suggests that associations between B-vitamins, homocysteine and GDM may differ in 

Asians [12, 13]. Therefore, our study aimed to examine the associations of plasma folate, 

vitamins B6, B12, and homocysteine with GDM risk and plasma glucose concentrations 

during pregnancy, using data from a mother-offspring cohort study which included mothers 

of Chinese, Malay, and Indian ethnicity. We hypothesized that higher plasma concentrations 

of folate and vitamin B6, lower plasma concentration of vitamin B12, and a corresponding 

higher plasma concentration of homocysteine would be associated with higher plasma 

glucose concentrations and higher risk of GDM during pregnancy.

Materials and Methods

Study sample

The Growing Up in Singapore Towards healthy Outcomes (GUSTO) study is a prospective 

investigation of mother-offspring pairs in Singapore, which involves detailed assessments of 

important factors relating to health and wellbeing of pregnant women (18-46 years) and their 

offspring [22]. Recruitment took place during June 2009 and September 2010 at the National 

University Hospital (NUH) and KK Women’s and Children’s Hospital (KKH), where 

women less than 14 weeks pregnant were approached to participate. Participants have to be 

citizens or permanent residents of Singapore, and of Chinese, Malay or Indian descent with 

homogenous parental ethnic background. Only women who intended to deliver in the two 

hospitals, to live in Singapore for the following five years, and consented to donate birth 

tissues at delivery were eligible to participate. Women who were undergoing chemotherapy, 

receiving psychotropic drugs or diagnosed with type1 diabetes were not eligible. A total of 

1247 pregnant women participated at baseline, and socio-demographic information and 

medical history were obtained. A detailed description of study methodology have been 

published [22]. The GUSTO study has received ethics approval from the Institutional 

Review Board of NUH and KKH. All participants provided written informed consent before 

being entered into the study.

Participants returned to the hospital for a follow-up visit at 26-28 weeks of gestation, during 

which diet and lifestyle information and blood samples were obtained. The current analyses 
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included women who provided sufficient blood for analyses of plasma folate, vitamins B6 

and B12, homocysteine and glucose. Women who had multiple births or received in vitro 
fertilization treatment were excluded (n=84). Hence, the final analyses included a total of 

913 participants (Figure 1). The 334 women excluded from the analyses tended to be 

younger (mean ± SD: 29.3 ± 5.3 vs 30.6 ± 5.2 years), and a higher proportion of them 

attained secondary education or lower (37.7% vs 30.7%) and received less than $2000 

monthly income (22.4% vs 14.9%) compared to those included.

Assessment of plasma B vitamins (folate, vitamins B6 and B12) and homocysteine

Blood samples were retrieved from participants during the follow-up clinic visit at 26-28 

weeks gestation, after an overnight (8-10 hours) fast using standard venipuncture techniques. 

All blood samples were kept in EDTA tubes, processed and stored at -80°C within 4 hours 

of collection, and thawed just prior to analysis. Plasma concentrations of folate and vitamin 

B12 were quantified using the competitive electrochemiluminescence immunoassay 

(ADVIA Centaur Immunoassay System, SIEMENS) at the NUH Referral laboratory. 

Between-assay CVs were 6.0-10.5% for 4.1-22.3 nmol/L plasma folate samples; and 

4.3-8.8% for 160-490 pmol/L plasma vitamin B12 samples. Plasma vitamin B6 

concentration was measured using reversed-phase HPLC with post–column derivatization 

and fluorometric detection, with between-assay CV of <5% at the MRC Human Nutrition 

Research, Elsie Widdowson Laboratory, UK. Plasma homocysteine was determined using 

HPLC (1100 series, Agilent Technologies) and mass-spectrometry (API 3000, AB Sciex) as 

described by Midttun et al. [23] at the Bevital AS laboratory. The between-assay CV was 

<2%.

Assessment of GDM

GDM was diagnosed at the same clinic visit, based on plasma glucose concentrations 

measured at a fasting state and two hours after a 75g oral glucose tolerance test (OGTT) was 

administered. Plasma glucose concentrations were analyzed using the colorimetry method 

(Advia 2400 Chemistry system, Siemens Medical Solutions Diagnostics; and Beckman 

LX20 Pro analyzer, Beckman Coulter). Participants were classified as having GDM, based 

on the 1999 World Health Organization standard criteria [24], if they met one of the 

following: (1) ≥7.0 mmol/L of fasting plasma glucose concentrations, (2) ≥7.8 mmol/L of 

plasma glucose concentrations 2-hour post-OGTT (1-hour blood samples were not 

collected).

Assessment of covariates

Potential confounding variables were identified from previous studies [13, 18]. Socio-

demographic variables included: maternal age, ethnicity (Chinese, Malay, Indian), education 

(none/primary/secondary, post-secondary, university), and monthly household income 

($0-1999, 2000-5999, ≥6000). Health behavior indicators included: cigarette smoking (non-

smoker, former smoker, current smoker), alcohol intake, and physical activity – defined as 

minutes of metabolic equivalents of task (MET. mins) per week [25]. Pre-pregnancy BMI 

and a number of maternal conditions: parity, previous history of GDM and family history of 

T2DM, were also included.
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Statistical analyses

Concentrations of plasma B vitamins and homocysteine were summarized according to 

maternal characteristics. Differences in concentrations between groups were compared using 

non-parametric analyses, namely the Wilcoxon rank-sum and Kruskal-Wallis tests, as 

distributions for plasma B-vitamins and homocysteine were skewed. For significant results, 

post-hoc analyses were carried out with Sidak adjustment to identify groups which differed.

The values for plasma folate, vitamins B6 and B12, and homocysteine were log-

transformed, and then converted into SD scores to facilitate comparison across exposures. 

The effect sizes for plasma glucose concentrations and GDM represent changes in outcomes 

per 1-SD increment in log-transformed concentrations of plasma B-vitamins and 

homocysteine.

Associations of plasma B vitamins, homocysteine with fasting and 2-hour plasma glucose 

concentrations were examined using linear regressions, whereas the associations with GDM 

were examined with logistic regressions. The models were first adjusted for maternal age, 

ethnicity, education, income, smoking, alcohol intake, physical activity, pre-pregnancy BMI, 

parity, family history of diabetes and previous GDM (Model 1); and then included mutual 

adjustment of folate, vitamins B6 and B12 (Model 2). The latter was done to elucidate the 

independent association of each B-vitamins with plasma glucose concentrations and GDM 

and as B-vitamins intakes may be clustered due to similar dietary sources, and because they 

share the same metabolic pathway [7] thus may influence synthesis of each other.

In addition, the odds of GDM from combinations of folate and vitamin B12 status were 

estimated as two other studies have shown that high folate coupled with vitamin B12 

deficiency was associated with GDM and T2DM risks [13, 26]. Participants were 

categorized into those with insufficient (<221nmol/L) or adequate vitamin B12. Within each 

group, they were split according to tertiles of folate. Women with lowest folate 

concentrations (tertile-1) were used as the reference within each group of vitamin B12 

status. We used vitamin B12 insufficiency and tertiles of folate concentrations instead of 

deficiency status, as the combination of folate (<6.8nmol/L) and vitamin B12 (<148pmol/L) 

deficiencies [27] resulted in a small number of participants (n=29) with low power to detect 

statistically significant differences between groups.

Stratified analyses according to ethnicity were performed to account for ethnic differences in 

insulin resistance [3]. Multiplicative interaction terms were included to assess potential 

effect modifications of ethnicity on the associations of plasma B-vitamins and homocysteine 

with plasma glucose concentrations and GDM. Chinese ethnicity was the reference.

Approximately 93% (n=850) of the study sample had complete data for confounding 

variables. Missing values were imputed with the sample’s average (mode for categorical 

variables or median for continuous variables). Pre-pregnancy BMI was imputed using BMI 

obtained at recruitment (<14 weeks gestation) which showed a high correlation with BMI 

before pregnancy (r=0.965). To explore potential bias introduced by imputation of missing 

data, we repeated the analyses excluding participants with missing data. Similar study 
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estimates and significance levels were observed; hence results were only reported for main 

analyses.

The above statistical analyses were performed using Stata version14 (StataCorp LP, College 

Station, TX, USA). P-values <0.05 were taken as significant.

Results

Participant characteristics

Concentrations of plasma folate, vitamins B6, B12, and homocysteine according to maternal 

characteristics are presented in Table 1. Women with lower folate concentrations tended to 

be younger, be Malay, have a lower educational level, have a lower income, and to be former 

smokers. Those with lower vitamin B12 concentrations tended to be Indian, be overweight 

or obese, be multiparous, and to have a family history of diabetes. Malay women were more 

likely to have lower vitamin B6 but higher homocysteine concentrations. Based on clinically 

used cut-offs [27], vitamins B6 (<20nmol/L) and B12 deficiencies (<148pmol/L) were 

observed in 16% (n=150) of the study sample, but less than 1% (n=24) of the cohort were 

folate deficient (<6.8nmol/L). A higher proportion of Malay women were vitamin B6 

deficient (21.0% vs 13.5% Chinese and 17.2% Indians), and a higher proportion of Indian 

women were vitamin B12 deficient (27.8% vs 13.7% Chinese and 14.3% Malay). All 

plasma B-vitamins were negatively correlated with plasma homocysteine (folate: r= -0.21, 

vitamin B6: r= -0.21, vitamin B12: r= -0.17; all P-values<0.001).

Associations with plasma glucose concentrations and GDM risk

18% of participants were diagnosed with GDM. The associations of maternal plasma folate, 

vitamins B6 and B12 and homocysteine with plasma glucose concentrations and GDM are 

presented in Table 2. Higher folate concentrations (1-SD or 1.9nmol/L increment) were 

associated with higher 2-hour glucose concentrations and higher odds of GDM in all 

adjusted models (Model 2: 2-hour glucose β: 0.15, 95% CI: 0.04, 0.25; GDM OR: 1.29, 

95% CI: 1.01, 1.60). Higher folate concentrations were marginally associated with lower 

fasting glucose concentrations, but this was not statistically significant in adjusted models.

Higher vitamin B12 concentrations (1-SD or 1.4pmol/L increment) were associated with 

lower fasting and 2-hour glucose concentrations (borderline significance) and lower odds of 

GDM in the crude model. Associations with fasting glucose remained significant in all 

adjusted models (Model 2: β: -0.04, 95% CI: -0.07, -0.01). Interestingly, the attenuated 

associations between vitamin B12, and 2-hour glucose and GDM in Model 1 became 

significant when further adjusted for other B-vitamins (Model 2: 2-hour glucose β: -0.09, 

95% CI: -0.18, -0.003; GDM OR: 0.81, 95% CI: 0.68, 0.97). We found pre-pregnancy BMI 

to be the main confounding variable attenuating the associations in Model 1.

Significant associations were observed for higher vitamin B6 concentrations (1-SD or 

2.4nmol/L increment) with higher 2-hour glucose concentrations and higher odds of GDM 

in Model 1, although this was attenuated when adjusted for other B-vitamins.
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We observed associations between higher homocysteine concentrations (1-SD or 1.2μmol/L 

increment) and lower 2-hour glucose concentrations and lower odds of GDM in all models 

(Model 2: 2-hour glucose β: -0.12, 95% CI: -0.21, -0.02; GDM OR: 0.76, 95% CI: 0.62, 

0.92). Likewise, higher homocysteine concentrations were associated with lower fasting 

glucose concentrations after adjustment for confounders and B-vitamins (β: -0.05, 95% CI: 

-0.08, -0.02).

In examining combinations of folate and vitamin B12 status within the cohort, we observed 

highest odds of GDM for women with combined vitamin B12 insufficiency and highest 

concentrations of folate, compared to having vitamin B12 insufficiency but lowest 

concentrations of folate (Table 3). In contrast, no significant associations between increasing 

folate concentrations and GDM were found among women with normal vitamin B12 status.

When the analyses were stratified by ethnicity, the associations of folate and 2-hour glucose 

and odds of GDM were mainly significant among Indian women, but no substantial 

associations were observed in Chinese and Malay women (Table 4). Likewise, higher 

homocysteine concentrations were significantly associated with lower 2-hour glucose 

concentrations, and marginally associated with lower odds of GDM in Indian women but not 

in Chinese and Malay women. However, the tests for interaction between ethnicity and 

folate or homocysteine in relation to 2-hour glucose (ethnicity x folate: P=0.106; ethnicity x 

homocysteine: P=0.191) and GDM (ethnicity x folate: P=0.425; ethnicity x homocysteine: 

P=0.909) were not statistically significant, possibly due to a smaller sample size (insufficient 

power) for Indian women.

Discussion

In line with our hypothesis, we observed higher folate concentrations to associate with 

higher 2-hour glucose concentrations and higher odds of GDM; and higher vitamin B12 

concentrations to associate with lower fasting and 2-hour glucose concentrations and lower 

odds of GDM. Conversely, higher homocysteine concentrations were associated with lower 

fasting and 2-hour glucose concentrations and lower odds of GDM. The associations of 

folate or homocysteine with GDM and glycemia were largely driven by associations in 

women of Indian ethnicity. Higher vitamin B6 concentrations were associated with higher 2-

hour glucose concentrations but this was not independent of other B-vitamins. Most 

strikingly, we observed that combined vitamin B12 insufficiency and high folate 

concentrations was associated with higher odds of GDM compared to women with normal 

vitamin B12 status and high folate concentrations.

Concordant with the cohort study in China which showed daily folate supplement intake in 

the first trimester to be associated with higher odds of GDM later in gestation [12], we 

showed that higher folate concentrations were associated with higher 2-hour glucose 

concentrations and higher odds of GDM. This association, albeit significant, were slightly 

confounded by other B-vitamins. Concomitantly, we observed an association between higher 

vitamin B12 concentrations and lower fasting and 2-hour glucose concentrations, and lower 

odds of GDM, similar to an Italian study [14], where women without GDM have higher 

vitamin B12 concentrations then women with GDM. This association was attenuated when 
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adjusted for pre-pregnancy BMI, indicating that BMI explains part of the association of 

vitamin B12 with plasma glucose concentrations and GDM, which have been demonstrated 

in previous studies [13, 18]. The attenuated association, however, became significant when 

further adjusted for other B-vitamins and homocysteine. One possible explanation is that 

BMI may simultaneously affect concentrations of other B-vitamins and homocysteine which 

have varying impacts on blood glucose and GDM, and may have masked the true effect of 

vitamin B12 on glucose tolerance.

Our results further demonstrated that the combination of vitamin B12 insufficiency and high 

folate concentrations was associated with higher GDM risk, suggesting that an imbalance in 

the two B-vitamins may be responsible for glucose intolerance. These findings add evidence 

to a study in Mysore, India [16], where a combination of higher maternal folate 

concentrations and vitamin B12 deficiency was observed to be associated with higher 

prevalence of GDM. Our results are reminiscent of the Pune Maternal Nutrition study 

findings [26], where lowest maternal vitamin B12 coupled with highest folate concentrations 

were associated with greater insulin resistance in their offspring at six years of age [26]. In 

our stratified analyses, we found that the significant associations between higher folate and 

higher 2-hour glucose concentrations, and higher odds of GDM were mainly among Indians, 

who are also the ethnic group with the highest prevalence of high folate and vitamin B12 

insufficiency combination. We speculate that this may be due to a lower consumption of 

animal foods in Indian women as reflected by a higher proportion of them adopting a 

vegetarian diet (7.9% vs 1.4% Chinese and 2% Malay). The stronger association among 

Indian subjects may also be in part attributable to their genetic susceptibility to glucose 

intolerance [28] rather than differences in dietary practice alone. This finding, however, 

requires replication with a larger sample size for Indian subjects.

The exact mechanism linking the combined effects of low vitamin B12 and high folate on 

glucose intolerance and insulin resistance is still unclear. One possible explanation is that 

when vitamin B12 is insufficient, the conversion of 5-methyltetrahydrofolate to 

tetrahydrofolate is inhibited [7]. This disrupts the production of purines and thymidine for 

DNA/RNA synthesis, and impaired DNA synthesis particularly of mitochondrial DNA was 

observed to be associated with development of insulin resistance [29].

An association between higher vitamin B6 and higher 2-hour glucose concentrations was 

observed but this is not independent of the influence of other B-vitamins. This matches 

results from one intervention study where vitamin B6 supplementation reduced postprandial 

glucose concentrations in pregnant women [19]. However, this study lacked a control group 

for comparison, and without knowledge on participants’ folate and vitamin B12 status, it is 

difficult to attribute the observed beneficial effects to vitamin B6 supplementation alone.

We found higher homocysteine concentrations to be associated with lower fasting and 2-

hour glucose concentrations and lower odds of GDM. This is in contrast to the proposed 

mechanism of hyperhomocysteinemia promoting insulin resistance [8, 9]. Studies relating 

homocysteine to GDM and plasma glucose have reported associations in different directions, 

which may be due to the large variation in homocysteine concentrations. Homocysteine 

concentrations in our cohort were much lower compared to commonly cited cut-offs of 
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>16mmol/L for elevated plasma homocysteine [27], and also lower than those reported in 

studies relating hyperhomocysteinemia to a higher risk of GDM (≥6mmol/L) [14, 15, 17, 

30], thus may not be of sufficient concentrations to achieve the adverse metabolic effects.

This is the first description of the independent associations of plasma folate, vitamins B6 

and B12, and homocysteine on GDM risk and plasma glucose concentrations, with analyses 

controlled for possible confounding of exposures on each other. Additionally, we observed 

that the associations of folate with fasting and postprandial glucose were in opposing 

directions, indicating that folate may affect the development of GDM via different pathways 

(e.g. improve hepatic insulin sensitivity but worsen muscle insulin resistance). Using plasma 

glucose in addition to diagnosis of GDM also allowed us to study associations of B-vitamins 

with glucose intolerance as a continuum rather than being limited to clinical cut-offs. Most 

importantly, this is the first study that included three Asian ethnic groups and we showed 

that the associations between B-vitamins, homocysteine and GDM outcomes were stronger 

among Indian women compared to the other two ethnic groups.

Several limitations should be noted. First, plasma B-vitamins, homocysteine and glucose 

were measured at the same time, thus the causal direction cannot be established. Second, 

nutrient biomarkers may not be a direct reflection of dietary status as they are influenced by 

genetic and metabolic factors of individuals [31]. However, in the absence of detailed 

information on B-vitamins supplementation (e.g. dose and frequency), plasma 

concentrations prove to be advantageous over using self-reported nutrient estimates. Third, 

the use of the 1999 WHO criteria to diagnose GDM could have underestimated the 

prevalence of GDM due to the higher cut-offs employed for both fasting and 2-hour plasma 

glucose, but the lack of data on 1-hour plasma glucose concentrations limited the use of the 

2013 WHO criteria. Lastly, missing observations were imputed with mode or median values 

but this did not substantially change our study results.

Conclusions

We observed that higher folate concentrations during pregnancy were associated with higher 

postprandial glucose concentrations and higher odds of GDM, while higher vitamin B12 

concentrations were associated with lower fasting and postprandial glucose concentrations 

and lower odds of GDM. Importantly, high folate concentrations coupled with vitamin B12 

insufficiency were associated with higher odds of GDM. Given the widespread vitamin B12 

insufficiency in our sample (48%), this strongly suggests a need to consider shifting our 

attention to address this nutritional issue within the population particularly in Indian mothers 

and others at risk of vitamin B12 insufficiency. Furthermore, we found higher homocysteine 

concentrations to associate with lower fasting and postprandial glucose concentrations and 

lower odds of GDM. These findings have much wider implications than for GDM alone, and 

could potentially contribute to reducing pregnancy complications and adverse birth 

outcomes associated with having GDM. Overall, the associations between B-vitamins and 

GDM outcomes found in our study, when confirmed by further research, highlight the need 

to carefully evaluate and manage folate and vitamin B12 status in pregnant women.
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Figure 1. 
Participant flow diagram for analysis of associations between plasma B-vitamins, 

homocysteine and gestational diabetes mellitus in the Growing Up in Singapore Towards 

healthy Outcomes study.
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Table 2

Associations of maternal plasma folate, vitamins B6 and B12, and homocysteine with fasting and 2-hour 

plasma glucose, and gestational diabetes mellitus (n=913)

Fasting Plasma Glucose 2-hour Plasma Glucose Gestational Diabetes

β (95% CI) P β (95% CI) P OR (95% CI) P

Folate

   Unadjusted -0.03 (-0.06, 0.001) 0.056 0.26 (0.16, 0.35) 0.001 1.40 (1.17, 1.68) 0.001

   Model 1 -0.02 (-0.06, 0.01) 0.124 0.17 (0.08, 0.27) 0.001 1.30 (1.07, 1.59) 0.009

   Model 2a -0.02 (-0.05, 0.02) 0.358 0.15 (0.04, 0.25) 0.014 1.29 (1.01, 1.60) 0.039

Vitamin B12

   Unadjusted -0.06 (-0.09, -0.03) 0.007 -0.09 (-0.19, 0.001) 0.050 0.83 (0.70, 0.98) 0.028

   Model 1 -0.04 (-0.07, -0.01) 0.008 -0.06 (-0.15, 0.03) 0.224 0.86 (0.72, 1.03) 0.094

   Model 2b -0.04 (-0.07, -0.01) 0.016 -0.09 (-0.18, -0.003) 0.044 0.81 (0.68, 0.97) 0.024

Vitamin B6

   Unadjusted -0.02 (-0.05, 0.01) 0.284 0.17 (0.08, 0.26) 0.001 1.20 (1.01, 1.43) 0.039

   Model 1 -0.02 (-0.05, 0.01) 0.159 0.13 (0.04, 0.22) 0.003 1.20 (0.996, 1.44) 0.055

   Model 2c -0.005 (-0.04, 0.03) 0.747 0.10 (-0.0005, 0.19) 0.051 1.14 (0.94, 1.39) 0.175

Homocysteine

   Unadjusted -0.03 (-0.06, 0.005) 0.106 -0.17 (-0.27, -0.08) 0.001 0.75 (0.63, 0.90) 0.002

   Model 1 -0.03 (-0.06, -0.0002) 0.048 -0.15 (-0.24, -0.06) 0.001 0.75 (0.62, 0.91) 0.003

   Model 2d -0.05 (-0.08, -0.02) 0.002 -0.12 (-0.21, -0.02) 0.012 0.76 (0.62, 0.92) 0.006

Effect estimates are per 1-SD increment in log-transformed concentrations of plasma folate, vitamins B6 and B12, and homocysteine.

Model 1 adjusted for maternal age, ethnicity, education, income, smoking, alcohol intake, physical activity, pre-pregnancy BMI, parity, family 
history of diabetes, and previous occurrence of GDM.

Model 2 adjusted as for Model 1 and aplasma B6 and B12; bplasma folate and B6; cplasma folate and B12; dplasma folate, B6, and B12
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Table 3

Associations between combinations of maternal vitamin B12 insufficiency status and plasma folate 

concentrations, and gestational diabetes mellitus (n=913)

B12-insufficient (<221pmol/L) B12-normal (≥221pmol/L)

n OR (95% CI) P n OR (95% CI) P

Folate, nmol/L (Median, IQR)

  T1 (18.2, 11.6-24.4) 193 (reference) 110 (reference)

  T2 (34.5, 32.3-37.1) 164 1.94 (1.04, 3.62) 0.036 141 0.82 (0.33, 2.04) 0.669

  T3 (49.7, 44.5-58.5) 156 1.97 (1.05, 3.68) 0.034 149 1.42 (0.61, 3.30) 0.413

Effect estimates are presented as OR (95% CI) for GDM.

All models adjusted for maternal age, ethnicity, education, income, smoking, alcohol intake, physical activity, pre-pregnancy BMI, parity, family 
history of diabetes, previous occurrence of GDM, and plasma B6.
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Table 4

Associations of maternal plasma folate, vitamins B6 and B12, and homocysteine with fasting and 2-hour 

plasma glucose, and gestational diabetes mellitus according to ethnicity (n=913)

Fasting Plasma Glucose 2-hour Plasma Glucose Gestational Diabetes

n β (95% CI) P β (95% CI) P OR (95% CI) P

Folatea

   Chinese 498 -0.03 (-0.08, 0.01) 0.131 0.08 (-0.06, 0.23) 0.263 1.11 (0.84, 1.47) 0.444

   Malay 250 0.01 (-0.07, 0.09) 0.776 0.09 (-0.11, 0.29) 0.370 1.17 (0.65, 2.12) 0.590

   Indian 165 0.001 (-0.08, 0.08) 0.969 0.35 (0.10, 0.60) 0.007 2.28 (1.24, 4.18) 0.008

Vitamin B12b

   Chinese 498 -0.03 (-0.07, 0.01) 0.161 -0.07 (-0.20, 0.05) 0.227 0.86 (0.68, 1.08) 0.208

   Malay 250 -0.05 (-0.12, 0.02) 0.174 -0.06 (-0.25, 0.13) 0.527 0.71 (0.43, 1.17) 0.183

   Indian 165 -0.03 (-0.11, 0.04) 0.353 -0.15 (-0.38, 0.08) 0.206 0.78 (0.49, 1.25) 0.307

Vitamin B6c

   Chinese 498 0.003 (-0.04, 0.04) 0.897 0.09 (-0.04, 0.22) 0.162 1.18 (0.91, 1.53) 0.216

   Malay 250 -0.05 (-0.13, 0.02) 0.168 0.03 (-0.17, 0.23) 0.765 1.24 (0.74, 2.08) 0.420

   Indian 165 0.005 (-0.07, 0.08) 0.903 0.14 (-0.10, 0.38) 0.254 0.96 (0.59, 1.57) 0.887

Homocysteined

   Chinese 498 -0.03 (-0.08, 0.01) 0.136 -0.12 (-0.25, 0.02) 0.099 0.78 (0.59, 1.02) 0.075

   Malay 250 -0.06 (-0.13, 0.002) 0.058 -0.04 (-0.21, 0.13) 0.648 0.79 (0.50, 1.25) 0.312

   Indian 165 -0.03 (-0.10, 0.03) 0.305 -0.23 (-0.44, -0.01) 0.037 0.62 (0.39, 1.01) 0.053

Effects estimates are per1-SD increment in log-transformed concentrations of plasma folate, vitamins B6 and B12, and homocysteine.

All models adjusted for maternal age, education, income, smoking, alcohol intake, physical activity, pre-pregnancy BMI, parity, family history of 

diabetes, previous occurrence of GDM, and aplasma B6 and B12; bplasma folate and B6; cplasma folate and B12;dplasma folate, B6, and B12.
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