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Purpose: The role of imbalanced one-carbon nutrients in gestational diabetes mellitus (GDM) risk has garnered significant interest, 
yet existing studies yield inconsistent results. Our objective was to assess whether the association between an unbalanced ratio of 
folate to vitamin B12 and GDM risk is influenced by the status of other micronutrients.
Methods: This cohort study included 366 singleton-pregnancy Han women enrolled at the Shunyi District Maternal and Child Health 
Hospital in Beijing, China. During the first trimester of pregnancy, we measured red blood cell (RBC) folate, serum levels of vitamin 
B12, vitamin D, and selenium. We examined the association between the imbalanced status of RBC folate and vitamin B12 and GDM 
risk using logistic regression, stratified by serum selenium or vitamin D status.
Results: Among the 366 women, 67 (18.3%) were diagnosed with GDM, 201 (54.9%) had vitamin D deficiency, and 245 (66.9%) had 
selenium deficiency. Overall, women with higher RBC folate/vitamin B12 ratios did not exhibit a significantly higher risk of GDM 
compared to those in reference tertile (all P > 0.05). Subsequently, we divided women into deficient and non-deficient groups based on 
serum selenium or vitamin D levels. In women with selenium deficiency, those in the highest tertile of the RBC folate/vitamin B12 
ratio had the highest odds of GDM [OR: 3.40 (1.16–9.97), P=0.026] after adjusting for covariates. However, similar findings were not 
observed in pregnancies with normal selenium status. Irrespective of vitamin D status, women with higher RBC folate/vitamin B12 
ratios did not exhibit a significantly increased risk of GDM.
Conclusion: Micronutrient deficiencies are common in early pregnancy. Women with a higher folate/vitamin B12 ratio coupled with 
selenium deficiency in early pregnancy have a higher GDM risk. These findings underscore the importance of micronutrient 
assessment in early pregnancy and subsequent interventions for micronutrient deficiencies.
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Introduction
Gestational diabetes mellitus (GDM), defined as any degree of glucose intolerance with onset or first recognition during 
pregnancy,1 has emerged as an epidemic, imposing significant health and economic burdens in China.2 A recent meta- 
analysis examining GDM prevalence in Eastern and Southeast Asia reported an incidence of 11.9% in China, notably 
higher than in Japan, Korea, and Thailand.3 GDM carries multiple adverse implications for expectant mothers and their 
offspring, including elevated rates of cesarean deliveries, preeclampsia, birth trauma, fetal macrosomia, neonatal 
hypoglycemia, and an increased risk of obesity and type 2 diabetes mellitus in later life for offspring born to mothers 
with GDM.4–6 Identifying high-risk individuals early and implementing corresponding preventive and intervention 
measures is crucial to mitigate the risk of GDM and its associated perinatal complications.2
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It is now widely acknowledged that environmental factors, such as poor or unbalanced nutrition, sedentary lifestyles, 
tobacco use, alcohol consumption, exposure to environmental pollutants, and psychological stress, contribute to an 
individual’s risk of metabolic diseases over their lifetime.7 Regarding GDM, several risk factors, both unmodifiable and 
modifiable, have been extensively documented. Unmodifiable factors include advanced maternal age, family history of 
diabetes, and previous GDM, while modifiable factors encompass pre-pregnancy overweight or obesity, excessive gesta-
tional weight gain, and dietary patterns.2 In recent decades, alongside macronutrients, accumulating evidence suggests that 
deficiencies, excesses or imbalances in certain micronutrients may be linked to GDM risk. Examples include elevated folate 
levels or elevated folate levels coupled with low vitamin B12 levels (folate and vitamin B12 imbalance),8–11 high doses or 
prolonged durations of folic acid (FA) supplementation,12 vitamin D deficiency,13 and low serum selenium levels.14,15 The 
role of folate and vitamin B12 in the development of GDM has garnered particular interest.

Folate and vitamin B12 are essential micronutrients in one-carbon metabolism, serving as cofactors in the conversion 
of homocysteine to methionine.16 Global recommendations endorse FA supplementation before and during pregnancy to 
prevent neural tube defects.17 In China, a nationwide program launched in 2009 aimed to increase folic acid intake 
among women to prevent neural tube defects (NTDs). This program provides free folic acid supplements (0.4 mg per 
tablet) to women planning pregnancy.18 However, the current range of FA supplement dosages (200–5000 μg/day) and 
durations during early pregnancy is relatively wide. With the widespread use of FA supplements among pregnant women, 
concerns have arisen about potential adverse effects of FA supplementation or elevated folate levels in mothers on insulin 
resistance in their offspring.19,20 Additionally, high FA intake can mask vitamin B12 deficiency,21 which has been linked 
to metabolic abnormalities in pregnant women, including insulin resistance and GDM.22 Although the precise mechan-
isms remain unclear, some studies have suggested that folic acid may play a role in diabetes development through natural 
killer cell dysfunction,23 and vitamin B12 deficiency during pregnancy may alter adipose-derived circulating 
microRNAs, potentially leading to adipogenesis and insulin resistance.24

Several studies from Asian countries have reported associations between higher maternal folate levels coupled with 
lower vitamin B12 concentrations or higher ratios of folate to vitamin B12 and an elevated risk of GDM.9,11,25 These 
associations appear to be more pronounced in women of advanced maternal age or with higher pre-pregnancy body mass 
index (BMI).11 Conversely, a recent cohort study in the UK revealed that elevated folate levels and vitamin B12 
deficiency were not only prevalent in early pregnancy but also linked to GDM risk.10 Conversely, a Canadian study 
found that maternal one-carbon nutrient levels were not associated with GDM risk,26 while another Chinese cohort study 
reported significant associations between higher maternal red blood cell (RBC) folate and vitamin B12 levels and GDM 
risk, but no association with higher RBC folate-to-vitamin B12 ratios.27

The above findings are inconsistent, underscoring the equivocal nature of the associations between high folate levels, 
low vitamin B12 levels, high folate coupled with low vitamin B12, and GDM risk. Moreover, these inconsistencies 
suggest that the relationship between folate and vitamin B12 imbalance and GDM risk may be further influenced by 
additional maternal risk factors.11 Given that vitamin D deficiency and low selenium status have been closely linked to 
GDM,13–15,28 and that deficiencies in these micronutrients are prevalent among Chinese pregnant women,29,30 we 
hypothesized that the association between higher folate-to-vitamin B12 ratios and GDM risk may be influenced by 
vitamin D deficiency or low selenium status in early pregnancy.

Methods
Ethical Statement
The study protocol received approval from the Ethics Committee of Peking Union Medical College Hospital, Chinese 
Academy of Medical Science (Unique Protocol ID: hs-1646), and was registered on www.ClinicalTrials.gov (registration 
ID: NCT03651934). All participants voluntarily consented to take part in the study and provided written informed 
consent. This study adhered to the standards of the International Committee on Harmonization of Good Clinical Practice 
and the revised version of the Declaration of Helsinki.
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The Study Participants
Participants in this study were recruited during early pregnancy as part of a cohort study conducted at the Shunyi 
Women’s and Children’s Hospital of Beijing Children’s Hospital, Beijing, PR China, between October and 
December 2018. Detailed participant information can be found in our recent publications.30–33 In summary, the primary 
objective of the previous cohort study was to investigate the relationship between micronutrient status in early pregnancy 
and the subsequent risk of GDM in Chinese pregnant women. The current study focuses on whether the association 
between unbalanced RBC folate/vitamin B12 ratios and GDM risk can be influenced by the status of other micronutrients 
in secondary analysis. Participants in this cohort study were Han Chinese residents who had established prenatal records 
before recruitment and planned to deliver at this hospital. All participants were over 18 years old and received routine 
pregnancy examinations at the same hospital throughout their pregnancy. An oral glucose tolerance test (OGTT) was 
administered to all women between 24 and 28 weeks of gestation.

Only singleton-pregnancy women with complete records of RBC folate, serum vitamin B12, serum selenium, and serum 
25-hydroxy vitamin D [25(OH)D] were included in this study, as described elsewhere.30,31 Women were excluded if they (1) 
were not of Han ethnicity, (2) had a diabetes diagnosis or had lab-tested fasting glucose ≥6.1 mmol/L or HbA1c > 6.5% before 
pregnancy, (3) had incomplete measurements of RBC folate, selenium, 25(OH)D, and serum vitamin B12, (4) had a history of 
autoimmune diseases or were currently using corticosteroids, (5) had definite hyperthyroidism or hypothyroidism, (6) had 
a history of liver or renal insufficiency, or (7) had experienced a miscarriage prior to the 75 g OGTT.

Trained researchers used a standard questionnaire to collect clinicodemographic information, including age, education 
level, lifestyle factors (drinking and smoking habits, and physical activity), medical and family history, parity, and use of 
multi-nutrient supplements. Participants were followed up until delivery. The diagnostic criteria for GDM were based on 
the International Association of Diabetes and Pregnancy Study Groups (LADPSG) criteria, which included fasting 
plasma glucose (FPG) ≥ 5.1 mmol/L, 1-hour plasma glucose (PG) ≥ 10.0 mmol/L, and 2-hour PG ≥ 8.5 mmol/L.

Anthropometric and Blood Sample Measurements
Methods for anthropometric and blood sample measurements were previously described in detail in our previous papers.30–33 

After an overnight fast of at least 8 hours, blood samples were collected from all participants in the morning during their initial visit 
(before 12 weeks of gestation). In the current study, the following parameters were retrieved from the records of all participants: 
hemoglobin, ferritin, serum folate, homocysteine (Hcy), fasting plasma glucose (FPG), selenium, 25-hydroxy vitamin D [25(OH) 
D], serum vitamin B12, total cholesterol (TC), triglycerides (TG), high-density lipoprotein cholesterol (HDL-c), low-density 
lipoprotein cholesterol (LDL-c), and RBC folate. The specific determination methods were described in our recent 
publications.30–33 In brief, plasma folate, RBC folate, and vitamin B12 concentrations were quantified through chemilumines-
cence assay using a Beckman Coulter DxI 800 chemistry analyzer (Beckman Coulter Inc., Brea, CA, USA). The intra- and total 
coefficients of variation (%CV) for vitamin B12 were 4.8% and 6.6%, respectively. For serum folate, the mean intra/inter and total 
%CV were 3.0%/7.0% and 7.6%, respectively. The intra/inter and total %CV for RBC folate were 1.4%/1.6% and 2.1%, 
respectively. The limit of quantitation (LOQ) for folate was 0.18 ng/mL. Serum 25(OH)D concentrations were measured using 
rapid liquid chromatography—tandem mass spectrometry (LC-MS/MS) with a Waters ACQUITY UPLC system (Waters 
Corporation, Milford, MA, USA) and an AB Sciex 4000 QTrap system (Sciex Applied Biosystems, Foster City, CA, USA). 
The inter- and total %CV for 25OHD2 were 3.1%-4.1% and 4.2%-5.2%, respectively. For 25OHD3, the inter- and total %CV 
were 2.5%-2.8% and 3.8%-4.4%, respectively. The LOQ for 25OHD2 and 25OHD3 were 0.25 ng/mL and 0.22 ng/mL, 
respectively. Serum selenium levels were measured using inductively coupled plasma mass spectrometry (ICP-MS) 
(YINGSHENG BIOLOGY, YS EXT8600MD). The inter- and total %CV for selenium were 1.8%-2.1% and 4.7%-5.7%, 
respectively. The limit of detection (LOD) for selenium was 4.3 µg/L. CRP was measured using a Beckman Coulter AU5800 
chemistry analyzer (Beckman Coulter Inc., Brea, CA, USA) with its supporting reagent.

Selenium deficiency was diagnosed if serum selenium levels were < 70 µg/L, and normal selenium status was defined 
as a level of ≥70 µg/L.31 Vitamin D deficiency was defined as a serum 25(OH)D concentration < 20 nmol/L, and non- 
vitamin D deficiency as a concentration of ≥20 nmol/L.34
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Statistical Analysis
Statistical analysis was performed using the Statistical Package for Social Science (version 16.0; SPSS, Chicago, IL, USA). 
Normally distributed variables were presented as means (SDs), while non-normally distributed variables were described as 
medians (interquartile range, 25%–75%). The independent-sample t-test was used to compare continuous variables 
between women with and without GDM, while the chi-square test was used for categorical variables. The ratio of RBC 
folate to vitamin B12 concentrations (RBC folate/vitamin B12 ratio) was calculated by dividing RBC folate concentrations 
(ng/mL) by vitamin B12 concentrations (pg/mL) using their raw data.11,27 The RBC folate/vitamin B12 ratios were divided 
into tertiles (T1, 0.47–1.79; T2, 1.80–2.65; T3, ≥ 2.66) based on their distribution in the overall study population. The 
association between RBC folate and vitamin B12 imbalance status and GDM risk was examined using logistic regression, 
stratified by serum selenium or vitamin D status. Results with P < 0.05 were considered statistically significant.

Results
Basic Characteristics of the Participants
A total of 366 eligible women with complete data were finally enrolled in this study. The participant flowchart is 
presented in Figure 1.

In this study population, 18.3% (n=67) were diagnosed with GDM, 66.9% (n=245) had selenium deficiency, and 
54.9% (n=201) were determined to be vitamin D deficient. We did not report the participants’ smoking and drinking 
habits because no one had smoked or consumed alcohol for at least 3 months before recruitment.

Participants in the GDM group had significantly higher age, weight, BMI, CRP concentration, FPG, TG, and LDL-c (all 
P < 0.05). They also tended to have higher RBC folate concentrations (P = 0.069), serum selenium levels (P = 0.083), and 25 
(OH)D concentrations (P = 0.067). Furthermore, they were more likely to have a family history of diabetes (P < 0.01) but 
engaged in less exercise per week (P = 0.01) compared to those in the non-GDM group. No significant differences in height, 

Figure 1 Participants flowchart.

https://doi.org/10.2147/DMSO.S428286                                                                                                                                                                                                                               

DovePress                                                                                                                                

Diabetes, Metabolic Syndrome and Obesity 2023:16 3278

Liu et al                                                                                                                                                               Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


parity status, FA supplement use (at enrollment), hemoglobin concentrations, ferritin levels, serum folate, Hcy, vitamin B12 
concentrations, TC, and RBC folate to vitamin B12 ratios were observed between the two groups (all P > 0.05) (Table 1).

Associations of RBC Folate/Vitamin B12 Ratios with GDM Risk
RBC folate/vitamin B12 ratios were divided into tertiles according to the cutoff points of the distribution for the study 
population. In the overall study population, when using the lowest tertile as a reference, binary logistic analyses showed 
that women in the upper two tertiles of RBC folate/vitamin B12 ratio did not have a significantly higher risk of GDM, 
with or without adjustment for covariates (all P > 0.05) (Table 2). These covariates included age, BMI (at enrollment), 
education level, physical activity, parity status, family history of diabetes, FA supplement use, lipid profiles, CRP, ferritin, 
Hcy, hemoglobin, vitamin D status, and serum selenium.

Further, associations of RBC folate/vitamin B12 ratios with GDM risk were examined with logistic regression 
stratified by vitamin D status [deficiency, 25(OH)D < 20 nmol/L and non-deficiency, 25(OH)D ≥ 20 nmol/L] or serum 
selenium levels (deficiency, < 70 μg/L and normal, ≥ 70 μg/L).

Table 1 Maternal Characteristics in the GDM and Non-GDM Groups

Maternal Characteristics GDM  
(n=67)

Non-GDM  
(n=299)

P

Age (years) 30.5±4.0 28.9±3.5 0.001

< 30 30 (44.8) 122 (40.8) 0.551

≥30 37 (55.2) 177 (59.2)
Height (cm) 161.5±4.4 161.4±5.0 0.973

Weight (kg) 64.3±11.5 58.4±10.4 <0.001

BMI at enrollment (kg/m2) 24.3±3.6 22.4±3.6 <0.001
< 24 37 (55.2) 216 (72.2) 0.006

≥24 30 (44.8) 83 (27.8)

Parity
Primiparous 37 (55.2) 180 (60.2) 0.454

Multiparous 30 (44.8) 119 (39.8)

Family history of diabetes 12 (17.9) 21 (7.0) 0.005
Physical activity

0–150 minutes per week 45 (67.2) 149 (49.8) 0.01

≥ 150 minutes per week 22 (32.8) 150 (50.2)
Folic acid supplements at enrollment

< 400μg 24 (35.8) 97 (32.4) 0.595

≥400μg 43 (64.2) 202 (67.6)
Hemoglobin (g/L) 132.4 (8.9) 131.3 (10.8) 0.448

Ferritin (ng/mL) 52.6±41.0 51.1±34.4 0.770

Serum folate (nmol/L) 23.9 (14.1–24.0) 21.4 (16.0–24.0) 0.454
C-reactive protein (mg/L) 3.3 (1.6–5.9) 1.9 (0.9–3.5) <0.001

Serum homocysteine (μmol/L) 9.1±1.9 9.1±2.8 0.978

Serum vitamin B12 (pmol/L) 237.3±101.8 241.0±108.9 0.801
RBC folate (nmol/L) 755.1±276.0 690.6±258.3 0.069

RBC folate/vitamin B12 2.35 (1.71–3.18) 2.15 (1.52–2.89) 0.166

Serum selenium (μg/L) 70.3±16.2 67.0±13.4 0.083
25(OH) D (nmol/L) 20.0±5.3 18.5±6.3 0.067

Fasting glucose (mmol/L) 4.8±0.5 4.4±0.4 <0.001

Total cholesterol (mmol/L) 4.25±0.74 4.17±0.68 0.453
Triglycerides (mmol/L) 1.10 (0.89–1.47) 0.90 (0.71–1.15) 0.001

HDL cholesterol (mmol/L) 1.47±0.24 1.56±0.28 0.024

LDL cholesterol (mmol/L) 2.12±0.61 1.96±0.53 0.027

Note: Continuous variables are presented as mean±SD or median (interquartile range, 25–75%) when appropriate, while 
categorical variables are presented as n (%). 
Abbreviations: RBC, red blood cell; HDL, high density lipoprotein; LDL, low density lipoprotein; 25(OH)D, 25-hydroxy vitamin D.
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When the analyses were stratified by serum selenium levels, in women with selenium deficiency, we found that 
women with RBC folate/vitamin B12 ratios in the highest tertile had a significantly higher risk of GDM [adjusted 
OR=3.398, 95% CI= 1.158–9.974, P = 0.026] than those in the lowest tertile of the ratios (Table 3). This result held after 
adjusting for age, BMI (at enrollment), education level, physical activity, parity status, family history of diabetes, FA 
supplement use, lipid profiles, CRP, ferritin, Hcy, hemoglobin, and vitamin D status. In contrast, similar associations 
were not observed in women with normal serum selenium.

When the analyses were stratified by serum 25(OH)D levels, the results showed that women with RBC folate/vitamin 
B12 ratios in the upper two tertiles did not exhibit a significantly higher risk of GDM than those in the lowest tertile, in 
women with or without vitamin D deficiency (Table 4). This was after adjusting for age, BMI (at enrollment), education 
level, physical activity, parity status, family history of diabetes, FA supplement use, lipid profiles, CRP, ferritin, Hcy, 
hemoglobin, and serum selenium levels.

Table 2 Associations of GDM Risk with RBC Folate/Vitamin B12 Ratios in Overall Study Population

RBC Folate/Vitamin B12 Ratio GDM, n (%) Model One* Model Two#

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

T1 (0.47–1.79) 18 (15.0) Reference – Reference –

T2 (1.80–2.65) 20 (16.3) 1.12 (0.57–2.20) 0.751 1.05 (0.48–2.29) 0.912
T3 (≥ 2.66) 29 (23.8) 1.66 (0.87–3.15) 0.124 1.57 (0.72–3.43) 0.255

As a continuous variable – 1.19 (0.98–1.43) 0.080 1.18 (0.93–1.49) 0.174

Notes: *Without adjustment for covariates. #Adjusted for age, BMI (at enrollment), education level, physical activity, parity status, family history of 
diabetes, FA supplement use, lipid profiles, CRP, ferritin, Hcy, hemoglobin, vitamin D status, and serum selenium.

Table 3 Associations Between the RBC Folate/Vitamin B12 Ratios and GDM in Women with Normal Serum 
Selenium or Selenium Deficiency

Selenium Deficiency (< 70.0 μg/L) Normal Serum Selenium (≥70.0 μg/L)

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

RBC folate/vitamin B12

T1(0.47-1.79) 71 Reference – 49 Reference –

T2 (1.80-2.65) 82 1.91(0.61–5.97) 0.263 41 0.63(0.17–2.41) 0.502
T3 (≥ 2.66) 92 3.40(1.16–9.97) 0.026 31 0.60(0.14–2.69) 0.507

Note: *Adjusted for age, BMI (at enrollment), education level, physical activity, parity status, family history of diabetes, FA supplement use, lipid 
profiles, CRP, ferritin, Hcy, hemoglobin, and vitamin D status.

Table 4 Associations Between the RBC Folate/Vitamin B12 Ratios and GDM in Women with or without Serum 
Vitamin D Deficiency

25(OH)D (<20 nmol/L) 25(OH)D (≥20nmol/L)

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

RBC folate/vitamin B12

T1 (0.47–1.79) 75 Reference – 45 Reference –
T2 (1.80–2.65) 71 0.64 (0.20–2.12) 0.469 52 1.72 (0.49–5.97) 0.397

T3 (≥ 2.66) 55 1.18 (0.36–3.69) 0.806 68 2.21 (0.61–8.03) 0.229

Note: *Adjusted for age, BMI (at enrollment), education level, physical activity, parity status, family history of diabetes, FA supplement use, lipid 
profiles, CRP, ferritin, Hcy, hemoglobin, and serum selenium levels.
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Discussion
The data for this study were derived from a re-analysis of our previous cohort study, the primary aim of which was to 
investigate the effects of nutrients or metabolic status in early pregnancy on perinatal outcomes.30–33 Given the 
inconsistency observed in previous studies regarding the association between folate and/or vitamin B12 status and 
GDM, we hypothesized that the nutritional status of selenium or vitamin D might have an additional impact on this 
relationship. To our knowledge, this study is the first to explore whether selenium or vitamin D status affects the 
association between folate and/or vitamin B12 and the risk of GDM. The results of our secondary analysis did not reveal 
a significant difference in GDM risk between women with higher and lower levels of the RBC folate/vitamin B12 ratio. 
However, we did observe that the association between the unbalanced status of RBC folate and vitamin B12 and GDM 
risk could be influenced by serum selenium status, rather than vitamin D status.

Several previous studies have explored the relationship between the folate-to-vitamin B12 ratio and GDM risk.11,27 Li 
et al11 found a strong association between a higher folate-to-vitamin B12 ratio and an increased risk of GDM, whereas 
Chen et al27 reported no significant association between higher ratios of RBC folate to vitamin B12 and GDM. Although 
the reason for this discrepancy remains unknown, Chen and colleagues suggested that differences in the timing of vitamin 
B12 determinations during gestation might explain it.27 However, two recent studies, in which vitamin levels were 
measured early in pregnancy, reported differing results regarding the relationship between folate and vitamin B12 
imbalances and GDM risk.10,27 In our study, we divided RBC folate/vitamin B12 ratios into tertiles, with the highest 
tertile representing an imbalance in folate and vitamin B12 status. We then conducted binary logistic analyses in the 
overall study population and found that women in the upper two tertiles of RBC folate/vitamin B12 ratios did not exhibit 
a significantly higher risk of GDM, with or without adjusting for covariates. Together with previous findings,10,27 these 
inconsistent results suggest that the association between nutrient imbalances and GDM risk may be influenced by other 
maternal factors.11,35

In our study, we observed that selenium and vitamin D deficiencies were common in early pregnancy. Some meta- 
analyses and reviews have reported a slight increase in the odds of GDM among women with low serum vitamin 
D levels.13,36 However, we found no significant relationship between vitamin D deficiency and GDM risk in our study 
(data not shown), nor did vitamin D status affect the relationship between the RBC folate-to-vitamin B12 ratio and GDM. 
On the other hand, selenium is an essential trace element with insulin-like properties that may play a role in maintaining 
normal glucose uptake, regulating cellular glucose utilization, and reducing the severity of insulin resistance.37,38 

Therefore, selenium is expected to have a protective effect against GDM, and recent meta-analyses have shown that 
women with GDM have lower serum selenium levels compared to healthy pregnant women.14,15 Consistent with our 
hypothesis, we found that, in women with selenium deficiency, those with the highest tertile of RBC folate/vitamin B12 
ratios in early pregnancy had a significantly higher risk of GDM than those with the lowest tertile of these ratios. In 
contrast, a similar association between high folate/low vitamin B12 and GDM was not observed in women with normal 
selenium levels. Conversely, when the analyses were stratified by vitamin D status, women with RBC folate/vitamin B12 
ratios in the upper two tertiles did not exhibit a significantly higher risk of GDM, regardless of vitamin D status. Our 
findings suggest that an interaction between a high folate/low vitamin B12 status and selenium deficiency, rather than 
vitamin D deficiency, in early pregnancy may increase the risk of GDM. Although we cannot provide an explanation for 
these findings due to the study’s design, high folate status and/or low vitamin B12 may be related to immune dysfunction 
or adipogenic changes leading to insulin resistance.23,24 To our knowledge, this is the first study to examine whether 
a high folate/low vitamin B12 status, combined with other micronutrient deficiencies, can synergistically increase the risk 
of GDM in early pregnancy. Given the prevalence of high folate/low vitamin B12 status10 and selenium deficiency30 in 
early pregnancy, further research in this area is warranted.

The strengths of our study include its novel analysis of the associations between GDM risk and a high folate/low 
vitamin B12 status, in conjunction with other nutrient deficiencies, during the first trimester of pregnancy. Additionally, 
obstetric outcomes were carefully recorded by researchers who were blinded to blood measurements. However, our study 
has several limitations. First, the sample size was relatively small. Second, we did not quantitatively assess dietary folate 
and selenium intake or the duration of FA supplementation. Third, we only measured RBC folate concentration and 
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serum selenium levels once during early pregnancy. Fourth, we cannot explain the underlying mechanisms behind our 
findings.

Conclusion
Our study suggests that women with a high maternal folate/vitamin B12 ratio, coupled with selenium deficiency in early 
pregnancy, have a higher risk of GDM. This finding underscores the importance of assessing micronutrient status in early 
pregnancy and implementing interventions for micronutrient deficiencies.
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