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ABSTRACT
Gestational Diabetes Mellitus (GDM) is a common metabolic disorder of pregnancy associated with adverse maternal and neonatal outcomes. Emerging evidence indicates that micronutrients such as vitamin B12 and folate may influence glucose regulation and insulin response; however, their role in GDM is not fully understood, particularly within the Indian context. This research sought to assess how serum concentrations of vitamin B12 and folate are associated with gestational diabetes mellitus, while also comparing demographic, biochemical, and clinical profiles of affected versus unaffected women. A total of 200 pregnant participants were enrolled, including 100 diagnosed with GDM and 100 without the condition. Data on demographic characteristics, body mass index (BMI), blood pressure, hemoglobin, HbA1c, oral glucose tolerance test (OGTT) results, and serum vitamin B12 and folate levels were collected. Statistical analysis was performed using SPSS version 21.0, applying independent t-tests and chi-square tests to evaluate group differences. Boxplots were generated to illustrate distributional variations. Information regarding demographic variables, body mass index (BMI), blood pressure, hemoglobin, HbA1c, oral glucose tolerance test (OGTT) outcomes, and serum concentrations of vitamin B12 and folate was gathered. Data were analyzed using SPSS version 21.0, with independent t-tests and chi-square tests employed to assess differences between groups. No significant intergroup differences were observed in folate status. Chi-square analysis further revealed significant associations between GDM and categorical vitamin B12 levels, history of cesarean delivery, and antenatal supplementation practices. The results highlight the need for regular monitoring of vitamin B12 status in pregnancy and suggest that tailored nutritional interventions could help lower the risk of developing GDM. Larger longitudinal studies are warranted to establish causal relationships and guide preventive interventions.
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1. INTRODUCTION
Gestational diabetes mellitus (GDM) is a common metabolic condition of pregnancy, defined by glucose intolerance first identified during gestation. It poses several short- and long-term health risks for both mother and child. Recently, growing interest has focused on the contribution of micronutrients, especially vitamin B12 and folate, to the development of GDM. Research suggests that disturbances in the balance of these nutrients—especially when folate levels are elevated in the presence of vitamin B12 deficiency—may contribute to the development of GDM (Li et al., 2022). Such an imbalance can disrupt one-carbon metabolism, which plays a central role in methylation reactions. Alterations in this pathway may lead to increased homocysteine concentrations, impaired DNA methylation (Jiang et al., 2020), oxidative stress, and insulin resistance, all of which can precipitate glucose intolerance during pregnancy (Radzicka et al., 2019). Maintaining an appropriate balance between vitamin B12 and folate is therefore considered important for minimizing the risk of GDM (Maher & Sobczynska-Malefora, 2021). Evidence from a meta-analysis by He et al. (2022) has highlighted a significant association between low vitamin B12 levels and increased GDM risk. Similarly, Kouroglou et al. (2019) demonstrated that B12 deficiency may predispose pregnant women to impaired glucose regulation, suggesting a protective effect of adequate B12 intake. Interestingly, Yang et al. (2022) reported a dose-response relationship in which higher vitamin B12 concentrations were also associated with GDM, indicating that the balance between B12 and folate rather than absolute levels alone might be critical. Folate plays a crucial role in fetal development and in the prevention of neural tube defects; however, excessive folic acid intake, especially when accompanied by vitamin B12 deficiency, may adversely influence metabolic health. Xie et al. (2019) showed that high folate status could exacerbate the consequences of low B12, while Paul and Selhub (2017) further stressed the importance of maintaining a balanced nutrient profile to reduce adverse pregnancy outcomes, including GDM. The interplay of these vitamins also influences homocysteine metabolism, and elevated homocysteine—often a marker of B12 deficiency—has been correlated with obstetric complications, including GDM (Meena et al., 2023). Moreover, increased homocysteine concentrations are linked with placental dysfunction, which may further aggravate GDM risk (Tinelli et al., 2019). Beyond nutritional influences, genetic variations involved in one-carbon metabolism, such as MTHFR polymorphisms, may alter the association between these micronutrients and the risk of GDM. Li et al. (2022) emphasized that such genetic determinants may necessitate tailored nutritional interventions for women predisposed to GDM. Considering the critical involvement of vitamin B12 and folate in metabolic processes and early gestational outcomes, the present study aimed to evaluate their serum concentrations in women diagnosed with GDM compared to those without the condition. Furthermore, by examining demographic, physiological, and biochemical parameters, the study aims to generate evidence relevant to prenatal nutritional practices and preventive measures in the Indian population, where the burden of GDM is increasing.
2. MATERIAL AND METHOD
2.1 Study Design and Population

This hospital-based cross-sectional study was conducted among pregnant women attending the antenatal outpatient departments of LNJP Hospital, Kurukshetra, and Civil Hospital, Karnal. Data collection took place from July 2022 to May 2024, enrolling 200 participants—100 with a diagnosis of GDM and 100 without (controls). Ethical approval was granted by the Institutional Ethics Committee (Approval No: DBT/2022/5008).
2.2 Inclusion Criteria:
· Singleton pregnancy
· Gestational age 24–28 weeks
· For GDM group: Diagnosis of GDM was established using a 75 g oral glucose tolerance test (OGTT) in accordance with IADPSG criteria
· 2.3 Exclusion Criteria:
· Pre-existing diabetes or thyroid disorders
· Chronic illnesses or use of Vitamin B12/Folic Acid supplements other than antenatal prophylaxis.
Baseline data were collected using a structured questionnaire administered through face-to-face interviews by trained investigators. Pre-pregnancy BMI was derived from self-reported height and weight prior to conception. Information on hemoglobin levels and blood pressure was also obtained through self-report. Folic acid supplementation (FAS) was defined as the regular use of folic acid tablets or multivitamin preparations beginning after the last menstrual period and maintained during pregnancy. Each folic acid tablet provided 400 µg of folate, whereas multivitamin supplements contained 400–800 µg per tablet, depending on the brand. Written informed consent was obtained from all participants before study enrollment. 
2.4 Diagnosis of GDM
All participants underwent a 75 g oral glucose tolerance test (OGTT) between 24 and 28 weeks of gestation. The diagnosis of gestational diabetes mellitus (GDM) was made in accordance with the International Association of Diabetes and Pregnancy Study Groups (IADPSG) criteria. Women were classified as having GDM if at least one of the following thresholds was met: fasting plasma glucose ≥ 92 mg/dL, 1-hour value ≥ 180 mg/dL, or 2-hour value ≥ 153 mg/dL
2.6 Sample Collection and Biochemical Analysis

Venous blood samples were collected in the morning following an overnight fast. After collection, the samples were centrifuged to separate serum, which was then preserved at −20°C until further analysis. Serum vitamin B12 and folate concentrations were quantified using the chemiluminescence immunoassay (CLIA) method.
 3.Statistical Analysis
Statistical analyses were carried out to compare the demographic, clinical, and biochemical characteristics of women with GDM and non-GDM controls.
3.1 Descriptive Analysis
Descriptive statistical methods were used to summarize the baseline characteristics of participants in both groups. Continuous variables, including age, body mass index (BMI), hemoglobin (Hb), blood pressure (BP), HbA1c, OGTT values at fasting, 1-hour, and 2-hour, as well as serum vitamin B12 and folate levels, were presented as mean ± standard deviation (SD).This approach provided an overview of the central tendency and dispersion of the data, allowing for the identification of trends or variations potentially associated with gestational diabetes.
For categorical variables—including vitamin B12 and folate status (categorized as deficient, insufficient, or sufficient), mode of first delivery (cesarean or vaginal), and the use of folic acid or vitamin B12 supplements before and during pregnancy was treated as a categorical variable and expressed as frequency and percentage results were presented as frequencies and percentages. This facilitated a clearer understanding of the distribution of key characteristics across GDM and non-GDM groups.
3.2 Group Comparison Tests
To determine whether differences between the two groups were statistically meaningful:
· Independent sample t-test was applied to continuous variables to compare mean values between GDM and non-GDM participants. This analysis, based on the assumption of normal distribution, evaluated whether variations in parameters such as vitamin B12, folate levels, HbA1c, and blood pressure were significant.
· Chi-square (χ²) tests were performed for categorical variables to examine associations between GDM status and factors such as vitamin B12/folate classification, type of delivery, and supplementation practices before and during pregnancy. These tests helped establish whether observed differences in proportions reflected genuine associations or occurred by chance.

3.3 Visual Data Representation
Alongside statistical analysis, boxplots were generated using Microsoft Excel to provide a graphical summary of continuous variables. These plots illustrated the median, interquartile range, and potential outliers within each group, allowing clearer visualization of distributional patterns. Boxplots were generated for age, BMI, hemoglobin, systolic and diastolic blood pressure, HbA1c, OGTT glucose values (fasting, 1-hour, and 2-hour), and serum vitamin B12 and folate levels. These plots illustrated the distribution and variability of clinical parameters, highlighting differences between GDM and non-GDM groups.
3.4 Significance Threshold
A p-value less than 0.05 was considered statistically significant for all analyses. Results meeting this cutoff were interpreted as unlikely to have occurred by chance, thereby indicating meaningful differences or associations.

4. RESULT AND DISCUSSION
4.1 Descriptive statistics
Table 1
Presents descriptive statistics for continuous variables, stratified by diabetic status
	Characteristics
	GDM
	Non-GDM

	Age
	31±5.38
(31.00±5.38)
	25±4.93 
(25.00±4.93)

	BMI
	27.31±3.23

	20.04±3.81

	Hb
	11.05±0.46
	11.56±0.49

	Systolic BP
	124.37±5.45
	115.32±5.42

	Dia systolic BP
	82.08±0.38
	76.42±3.53

	HbA1c
	6.56±0.35
	5.34±0.32

	OGTT
a. Fasting > 92 mg/dl
b. 1-hr≥ 180 mg/dl
c. 2-hr≥ 153 mg/dl

	
98.29±3.57
191.23±6.10
161.55±4.83
	
80.96±6.92
145.86±16.31
131.14±12.25

	Serum Vitamin B12
	443.83±277.06
	526.50±266.26

	Serum Folate
	12.42±5.87
	13.24±5.90



An analysis of GDM and non-GDM subjects revealed several significant variations in physiological and biochemical markers. mothers with GDM had a higher mean age (31.00 ± 5.38 years) than non-GDM mothers (25.00 ± 4.93 years), indicating that maternal age may be a risk factor for GDM. This observation is corroborated by studies from (Swaminathan et al., 2008), who found that age is a substantial predictor of GDM prevalence in South Indian women. The mean BMI was significantly higher in the GDM group compared with controls (27.31 ± 3.23 kg/m² vs. 20.04 ± 3.81 kg/m² indicating a strong relationship between obesity before to pregnancy and the development of GDM. A similar pattern was seen by Rajput et al. (2013), who found maternal overweight and obesity as key factors of GDM in North Indian women. GDM participants had higher blood pressure, with systolic at 124.37 ± 5.45 mmHg and diastolic at 82.08 ± 0.38 mmHg, compared to non-GDM women who had 115.32 ± 5.42 mmHg and 76.42 ± 3.53 mmHg. These findings are consistent with those of Saxena et al. (2011), who discovered that hypertensive alterations are more prevalent in GDM moms and may share metabolic pathways with insulin resistance. HbA1c values were considerably higher in GDM (6.56 ± 0.35%) compared to non-GDM (5.34 ± 0.32%), indicating its efficacy as a screening measure in accordance with ADA recommendations and Indian clinical research (Saravanan et al., 2024). OGTT assessments were significantly higher in GDM subjects at all time periods (fasting, 1-hour, and 2-hour), indicating reduced glucose tolerance. Although hemoglobin levels were comparable, GDM women had somewhat lower Hb (11.05 ± 0.46 g/dL) than non-GDM women (11.56 ± 0.49 g/dL), suggesting dietary disparities.
Serum vitamin B12 concentrations were significantly lower among women with GDM (443.83 ± 277.06 pg/mL) than in the non-GDM group (526.50 ± 266.26 pg/mL), suggesting a potential contribution of B12 insufficiency to GDM development. This conclusion is congruent with research by Finkelstein et al. (2017), It was observed that reduced maternal vitamin B12 levels during early pregnancy were independently associated with increased insulin resistance and impaired glucose tolerance. Women with GDM showed marginally lower mean folate concentrations (12.42 ± 5.87 ng/mL) compared to those without GDM (13.24 ± 5.90 ng/mL), but this difference was not statistically significant. This is similar with the findings of He et al. (2022), who discovered that folate levels alone were not a strong predictor of GDM risk in South Indian women, but the folate-to-B12 ratio was a more important factor.
4.2 Independent sample t-test
Table 2 summarizes the mean ± standard deviation of serum vitamin B12 and folate concentrations in the GDM and non-GDM groups. Group differences were evaluated using independent sample t-tests to determine statistical significance.
Table 2 
Independent sample t-test
	Variable
	GDM Mean ± SD
	Non-GDM Mean ± SD
	t-value
	p-value
	Significance

	
	
	
	
	
	

	Vitamin B12 (pg/ml)
	443.84 ± 277.07
	526.51 ± 266.26
	-2.15
	0.033
	Yes

	Folate (ng/ml)
	12.43 ± 5.87
	13.25 ± 5.91
	-0.99
	0.324
	No



The independent samples t-test demonstrated that serum vitamin B12 concentrations were significantly lower in women with GDM (443.84 ± 277.07 pg/mL) compared to the non-GDM group (526.51 ± 266.26 pg/mL), with a t-value of -2.15 and a p-value of 0.033. This statistically significant finding supports the hypothesis that vitamin B12 insufficiency may impair glucose metabolism through its role in one-carbon metabolism and insulin sensitivity. These results are consistent with earlier studies, such as Krishnaveni et al. (2009), who reported an association between low maternal B12 levels and increased insulin resistance in Indian women, as well as Sukumar et al. (2016), who observed that B12 deficiency during early pregnancy correlated with elevated fasting glucose and greater GDM risk in South Asian populations.
Mean folate concentrations were slightly lower in the GDM group (12.43 ± 5.87 ng/mL) compared with the non-GDM group (13.25 ± 5.91 ng/mL); however, the difference was not statistically significant (t = –0.99, p = 0.324). These findings suggest that vitamin B12 may have a stronger influence on GDM pathophysiology, whereas folate levels alone do not clearly distinguish between groups. Nevertheless, growing evidence highlights the importance of the combined effect of folate and vitamin B12, rather than their isolated values. For instance, Chen et al. (2020) and Jiang et al. (2020) highlighted that elevated folate levels combined with inadequate B12 may exacerbate insulin resistance and heighten the risk of GDM by disturbing methylation processes and homocysteine metabolism.
4.3 Chi-Square category counts
Table 3 
Distribution of participants according to serum Vitamin B12 and folic acid status categories 
	Category
	Non-GDM
(n=100)
	GDM 
(n=100)


	
	
	

	Vitamin B12 Deficient
	17
	31

	Vitamin B12 Insufficient
	10
	15

	Vitamin B12 Sufficient
	73
	54

	Folate Deficient
	3
	4

	Folate Sufficient
	97
	96



4.4 Summary of Chi-Square Test Results for Categorical Variable
The table below presents the outcomes of chi-square analyses evaluating the relationship between categorical variables and GDM, both continuous and categorical variables with GDM status. These include grouped serum Vitamin B12 and folate levels, delivery type, and vitamin supplementation before and during pregnancy.
Table 4 
Summary of Chi-Square Analyses
	Variable
	Chi-square (χ²)

	df
	p-value
	Significance

	
	
	
	
	

	Vitamin B12 Category
	7.93
	2
	0.019
	Yes

	Folate Category
	0.00
	1
	1.000
	No

	First Delivery Cesarean
	26.86
	2
	0.000
	Yes

	Supplement Before Pregnancy
	2.00
	2
	0.368
	No

	Supplement During Pregnancy
	47.02
	3
	0.000
	Yes



The chi-square analysis (Table 4) revealed that several categorical factors were significantly associated with GDM status. In particular, serum vitamin B12 levels demonstrated a significant association with GDM (χ² = 7.93, df = 2, p = 0.019), showing that women with GDM had a greater incidence of vitamin B12 deficiency or insufficiency than non-GDM women. This data supports the probable significance of micronutrient imbalance, particularly vitamin B12 insufficiency, in the development of GDM, as previously revealed by Indian research stressing the relationship to insulin resistance and disrupted one-carbon metabolism (Swaminathan et al., 2020). In contrast, serum folate categories did not have a significant correlation with GDM (p = 1.000), indicating that folate alone may not be a robust predictor. Additionally, the association between folate and GDM is more intricate and may be determined by its ratio to vitamin B12 rather than just folate levels. Women with a prior history of cesarean delivery were significantly more likely to develop GDM in subsequent pregnancies (χ² = 26.86, p < 0.001). This might be due to underlying metabolic or obstetric risk factors that persist throughout pregnancies, as highlighted in previous population-based research (Rajput et al., 2013).
Similarly, the use of vitamin B12 and/or folic acid supplementation during pregnancy showed a significant association with GDM status (χ² = 47.02, df = 3, p < 0.001). This might indicate improved nutritional knowledge or healthcare access among women with GDM. However, pre-pregnancy supplementation did not demonstrate a significant connection (p = 0.368), indicating that the timing of micronutrient intervention may influence metabolic outcomes.
4.6 Boxplots for continuous variables 
The following boxplots visually compare GDM and non-GDM groups across key continuous variables such as age, BMI, blood pressure, HbA1c, and OGTT values. Boxplots provide a concise visualization of data distribution.
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Fig 1 Box plot represent visually compare GDM and non-GDM groups across key continuous variables such as (a) age, (b) BMI, (c) Hemoglobin level, (d) Systolic blood pressure, (e) Dia systolic blood Pressure, (f) HbA1c, and (g) OGTT values


	
	
The boxplots (Figures 1a–g) provide a visual summary of key continuous variables, complementing the statistical analyses. Figure 1a illustrates that women with GDM had a higher median age and a broader interquartile range compared to non-GDM women, reinforcing maternal age as an important risk factor for GDM. Figure 1b depicts Body Mass Index (BMI) differences, where the GDM group showed greater median values and wider variability, supporting the established association between overweight/obesity and gestational diabetes. Figure 1c indicates slightly lower hemoglobin levels among GDM participants, though the overlapping ranges suggest only minor nutritional differences.
Figure 1d highlights systolic blood pressure, with GDM women displaying higher median values and a more compact range, pointing to an elevated cardiovascular risk profile. Similarly, Figure 1e shows higher diastolic blood pressure in the GDM group, aligning with evidence linking hypertensive tendencies to gestational hyperglycemia. Figure 1f demonstrates that HbA1c values were consistently higher in GDM women, with a distinct interquartile range, reflecting chronic hyperglycemia and supporting HbA1c as a useful biomarker for GDM. Figure 1g presents OGTT results at fasting, 1-hour, and 2-hour intervals, where glucose levels in GDM participants remained above diagnostic cut-offs, in contrast to clearly lower values in the non-GDM group.
Collectively, these boxplots confirm that maternal age, BMI, blood pressure, HbA1c, and OGTT values are consistently elevated among GDM cases, underscoring their utility as early indicators of pregnancy risk. By providing a visual depiction of variability and group differences, boxplots serve as an effective complement to traditional statistical tests.
Conclusion
The present study aimed to examine the association between serum vitamin B12 and folate concentrations with gestational diabetes mellitus (GDM), while also comparing sociodemographic, physiological, and biochemical parameters between women with and without GDM. The results revealed several notable differences that were consistent with clinical expectations and supported by earlier literature. Women with GDM tended to be older, had higher BMI values, and exhibited elevated systolic and diastolic blood pressure, reinforcing the role of advanced maternal age and pre-pregnancy overweight as important contributors to GDM risk. Biochemical markers, including HbA1c and OGTT values, were also significantly higher in the GDM group, reflecting persistent hyperglycemia and impaired glucose regulation. These indicators effectively distinguished GDM from non-GDM participants, both statistically and through visual representation using boxplots.
Although hemoglobin levels were slightly reduced in the GDM group, the difference was not pronounced. A key observation was the significantly lower serum vitamin B12 levels among GDM women, suggesting a potential link between B12 deficiency and altered glucose metabolism during pregnancy. In contrast, folate concentrations showed no meaningful variation between groups, implying that folate alone may not substantially influence GDM risk despite its essential role in maternal health. Furthermore, chi-square analysis identified significant associations between GDM status and vitamin B12 categories, prior cesarean history, and supplementation practices during pregnancy, providing additional insight into related factors.
Overall, these findings underscore the multifactorial nature of GDM and emphasize the importance of early nutritional screening and metabolic monitoring during pregnancy to reduce the likelihood of adverse outcomes.
Future Implications
Based on these findings, future investigations should prioritize prospective cohort designs to clarify the causal relationship between micronutrient status—particularly vitamin B12—and the onset of GDM. Regular monitoring of vitamin B12 levels during antenatal care could serve as an effective preventive strategy, especially for women at elevated risk. Additionally, exploring the predictive value of the folate-to-B12 ratio, rather than focusing solely on individual concentrations, may provide deeper insights into metabolic risk patterns. Integrating nutritional counseling and personalized supplementation into routine maternal healthcare has the potential to strengthen early identification and improve the overall management of gestational diabetes.
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