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ABSTRACT
Vitamin B₁₂ (cobalamin) is an essential water-soluble micronutrient required for neurological integrity, red blood cell formation, DNA synthesis, and one-carbon metabolism. As it is naturally present only in animal-source foods, individuals consuming predominantly plant- based diets, particularly vegetarians and vegans, are at increased risk of deficiency. Recent evidence also highlights potential microbial or fermented plant-derived sources such as edible algae, mushrooms, and fermented foods, although their bioactive cobalamin content remains inconsistent. Globally, vitamin B₁₂ deficiency affects diverse population groups and is strongly influenced by dietary patterns, socioeconomic status, age-related malabsorption, and chronic medication use. In India, the burden is especially high due to widespread vegetarianism and limited intake of animal products, with national surveys reporting significant deficiency across children, adolescents, adults, and older adults. Maternal deficiency additionally poses risks for neurodevelopmental impairments in exclusively breastfed infants. Biochemical pathways linking B₁₂ to methionine synthase and L-methylmalonyl-CoA mutase underpin its critical roles in haematological, neurological, and methylation-related processes. This review summarises current evidence on vitamin B₁₂ sources, metabolism, deficiency epidemiology, determinants, and clinical consequences, with a particular focus on vulnerable Indian and vegetarian populations. The review underscores the need for targeted dietary guidance, fortification strategies, and public-health interventions to address the persistent burden of vitamin B₁₂ deficiency.
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1. INTRODUCTION
Vitamin B₁₂, also called cobalamin, is a water-soluble micronutrient essential for human health. Traditionally, animal-source foods have been regarded as the primary dietary sources of vitamin B₁₂. However, recent studies highlight certain plant-derived and fermented foods such as edible algae, mushrooms, and fermented beans as potential alternative sources of bioavailable or microbially synthesized vitamin B₁₂ for vegetarian populations (Zhou et al., 2025). Among its several forms, methylcobalamin and 5-deoxyadenosylcobalamin are metabolically active, while hydroxycobalamin and cyanocobalamin must first convert to these active forms to participate in biochemical reactions (Zhou et al., 2025). Acting as cofactors for methionine synthase and L-methylmalonyl-CoA mutase, vitamin B₁₂ plays a pivotal role in DNA synthesis, red blood cell formation, myelin maintenance, and one-carbon metabolism (Zhou et al., 2025; Stabler, 2020).
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Figure 1. Chemical structure of vitamin B₁₂ (cyanocobalamin).
Source: PubChem Compound Summary for Cyanocobalamin. National Centre for Biotechnology Information (NCBI).URL https://pubchem.ncbi.nlm.nih.gov.
Since vitamin B₁₂ is not naturally present in plant foods, individuals with limited or no animal product intake are at increased risk of deficiency. Vulnerable populations include vegans, vegetarians, older adults with reduced gastric acid and intrinsic factor production, pregnant and lactating women, infants, and people with malabsorption disorders (Niklewicz et al., 2024; NICE, 2024). Vitamin B₁₂ deficiency during infancy is associated with impaired neurodevelopment, developmental regression, and involuntary movements, particularly in infants breastfed by B₁₂-deficient mothers (Dror & Allen, 2008; de Souza & Moloi, 2014; Huemer & Baumgartner, 2019). Low vitamin B₁₂ status is also linked to broader metabolic implications. Evidence from a United States–based study reported that individuals with lower serum cobalamin concentrations had higher odds of obesity, independent of lifestyle factors (Sun et al., 2019).
In India, vitamin B₁₂ deficiency is widely prevalent across different age groups. Population- based data from the Comprehensive National Nutrition Survey reported prevalence rates of
13.8 % in preschool children, 17.3 % in school-age children, and 31% in adolescents (Shalini et al., 2023). Hospital-based studies have documented even higher prevalence ranging from
16.6 % to 64.8 % among clinically vulnerable or anaemic groups (Goel et al., 2024), with additional clinical evidence highlighting the strong association between vegetarian dietary patterns and cobalamin deficiency in northern Indian adults (Singh et al., 2022).Vegetarians, middle-aged adults, and rural elders are disproportionately affected, and deficiency is not limited to older adults; younger populations following vegetarian diets are also at risk (Meena et al., 2016; Patel et al., 2022). Contributing factors include reverse-osmosis water consumption, socioeconomic constraints, and certain medications, all of which can impair B₁₂ status (Patel et al., 2022; Sundarakumar et al., 2021).
Globally, the trend toward plant-based diets has further amplified the significance of vitamin B₁₂ research. Unsupplemented vegans consistently show lower serum cobalamin and holotranscobalamin levels, along with higher functional biomarkers like methylmalonic acid and homocysteine, reflecting true deficiency (Ali et al., 2024). High-risk groups include women of reproductive age, pregnant and lactating women, and older adults. While fortified foods and supplements can effectively prevent deficiency, awareness and adherence remain inconsistent (Fernandes et al., 2024; Allen, 2008; Allen et al., 2018). Absorption also depends on intrinsic factor and gastric acid, which can decline with age or gastrointestinal conditions, further complicating the risk (Green, 2024).
This review provides an integrated examination of vitamin B₁₂ by outlining its metabolic functions, physiological significance, and biochemical roles, followed by its dietary sources and a detailed evaluation of the key determinants influencing deficiency. Particular emphasis is placed on plant-based dietary practices and the unique vulnerabilities observed in Indian populations, where vegetarianism is widespread and contributes significantly to low cobalamin status. By integrating findings from global and Indian studies, this review aims to provide a clear and comprehensive understanding of the factors shaping vitamin B₁₂ status and the implications of deficiency for human health.


2. NUTRIENT REQUIREMENTS FOR VITAMIN B₁₂ ACROSS AGE GROUPS
The physiological need for vitamin B₁₂ changes across different stages of life, largely because of variations in growth rate, metabolic activity, and reproductive demands. In India, the recommended intake levels are defined by the ICMR–NIN, which provides age- and sex- specific values to guide dietary assessment and public health planning. These recommendations are useful for interpreting deficiency risk in population groups, particularly in settings where vegetarian dietary practices are common. The RDA values as specified by ICMR–NIN (2020) are summarised in Table 1.
TABLE 01: B₁₂ REQUIREMENT BY DIFFERENT AGE GROUPS

	Age Group / Category
	Male (µg/day)
	Female (µg/day)

	Infants 0–6 months
	0.3
	0.3

	Infants 7–12 months
	0.5
	0.5

	Children 1–3 years
	0.9
	0.9

	Children 4–6 years
	1.2
	1.2

	Children 7–9 years
	1.2
	1.2

	10–12 years
	1.8
	1.8

	13-15 years
	2.2
	2.2

	16-18 years
	2.2
	2.2

	Adults (19-59 years) (Sedentary/Moderate/Heavy)
	2.2
	2.2

	Pregnant Women
	-
	2.4

	Lactating Women 0–6 months
	-
	2.8

	Lactating Women (7–12 months)
	-
	2.8


Source: ICMR NIN 2020
3. FUNCTIONS OF VITAMIN B₁₂ AND CONSEQUENCES OF DEFICIENCY
Vitamin B₁₂ supports several interconnected physiological and metabolic processes, and because these pathways overlap, its deficiency produces characteristic haematological, neurological, and biochemical changes.
3.1 Haematological Function and Megaloblastic Anaemia
Vitamin B₁₂ plays a fundamental role in healthy red blood cell formation. As a cofactor for methionine synthase, it helps regenerate tetrahydrofolate (THF), which is required for thymidylate synthesis and accurate DNA replication (Manasa, 2024; Al Amin & Gupta, 2023). Under adequate vitamin B₁₂ status, erythroid precursor cells proceed through nuclear maturation in coordination with cytoplasmic development, allowing normal erythropoiesis.
When vitamin B₁₂ is insufficient, DNA synthesis slows or becomes faulty, even though cytoplasmic growth continues. This mismatch results in the appearance of enlarged, immature red cell precursors called megaloblasts. Clinically, this manifests as megaloblastic anaemia, often accompanied by fatigue, pallor, lethargy, and reduced exercise tolerance, all linked to

ineffective erythropoiesis and extensively described in haematological literature (Manasa, 2024).
3.2 Neurological Function and Demyelination
Vitamin B₁₂ is equally vital for maintaining the structure and function of the nervous system. In its methylcobalamin form, it supports the conversion of methionine to S-adenosyl- methionine (SAM), the principal methyl donor required for synthesising key phospholipids and sphingolipids involved in myelin formation (Al Amin & Gupta, 2023). In deficiency, reduced SAM availability leads to progressive myelin breakdown.
Neurological symptoms of vitamin B₁₂ deficiency include peripheral neuropathy, numbness, imbalance, cognitive slowing, and memory impairment, all well documented across clinical studies (Hamza Ali et al., 2025). The adenosylcobalamin-dependent enzyme methylmalonyl- CoA mutase is also impaired during deficiency, causing the accumulation of methylmalonic acid, which disrupts mitochondrial function and contributes to neuronal injury, further aggravating neurological decline.
3.3 One-Carbon Metabolism, DNA Synthesis, and Methylation
Vitamin B₁₂ is central to one-carbon metabolism, where it enables methionine synthase to convert homocysteine to methionine. Methionine is subsequently used for the synthesis of S- adenosyl-methionine (SAM), the universal methyl donor essential for methylating DNA, RNA, proteins, and histones, processes that regulate gene expression, preserve genomic stability, and maintain chromatin structure (Al Amin & Gupta, 2023; Schleicher et al., 2023).
Deficiency of vitamin B₁₂ diminishes SAM production, resulting in global hypomethylation and impaired DNA synthesis. Tissues with rapid cell turnover, such as bone marrow and the gastrointestinal mucosa, are affected earliest, giving rise to clinical features such as glossitis, epithelial atrophy, and worsening megaloblastic changes. Elevated methylmalonic acid further promotes oxidative stress and mitochondrial dysfunction, contributing to cellular injury (Schleicher et al., 2023).
3.4 Relationship with Folate and Homocysteine (The Folate Trap)
Vitamin B₁₂ and folate work together to sustain nucleotide synthesis. In the methionine synthase reaction, 5-methyl-tetrahydrofolate (5-methyl-THF) donates a methyl group to homocysteine to form methionine, while THF is regenerated for use in purine and thymidylate synthesis (Schleicher et al., 2023).
During vitamin B₁₂ deficiency, this reaction is halted, leaving folate trapped in its 5-methyl- THF form. As a result, the pool of active folate available for DNA synthesis declines, thereby exacerbating megaloblastic anaemia. Homocysteine levels rise concurrently, contributing to increased cardiovascular and neurological risk, a pattern consistently reported in biochemical studies (Schleicher et al., 2023).
4. METABOLISM OF VITAMIN B 12
When we eat foods containing vitamin B₁₂, the vitamin undergoes a complex process before it reaches our tissues. Inside the stomach, acid and enzymes break the vitamin free from the proteins in food. Almost immediately, a protein called haptocorrin, which is secreted in our saliva, binds to B₁₂ and protects it from being destroyed by stomach acid. This haptocorrin–B₁₂

complex travels into the small intestine, where pancreatic enzymes break down haptocorrin and rerelease the vitamin. At this stage, intrinsic factor, a special protein made by the stomach, takes over and binds to B₁₂. This step is very important because the intrinsic factor is highly selective and ensures that only true B₁₂ and not its inactive look-alikes is absorbed. The intrinsic factor–B₁₂ complex continues down the small intestine until it reaches the very last part, the ileum, where it is absorbed by a receptor called cubam, made of two proteins called cubilin and amnionless. Once inside the intestinal cell, B₁₂ is released from intrinsic factor and handed over to another protein called transcobalamin, forming what is known as holo-transcobalamin, the active form that moves through the blood. In circulation, most B₁₂ (around 80–90%) is stored by haptocorrin, while only a smaller portion (10–20%) is bound to transcobalamin, but this is the fraction that our body’s cells can actually take up. The cells recognize and pull in this active B₁₂ using a specific receptor, and the kidneys also reabsorb it to avoid losing it in urine. If any step of this process is disrupted, for example, by a lack of intrinsic factor, damage to the ileum, or genetic problems affecting these proteins, the body cannot absorb or deliver enough B₁₂, leading to deficiency even if the diet contains enough of it (Institute of Medicine, 1998; Allen, 2010; Allen, 2012; Stabler, 2020).
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Figure 02. Schematic representation of the digestion, absorption, transport, and cellular uptake of vitamin B₁₂ in humans.
Source: Author-created, based on Institute of Medicine (1998), Allen (2010, 2012), and Stabler (2020).
Vitamin B₁₂ is required for the development, myelination, and function of the central nervous system; healthy red blood cell formation; and DNA synthesis (Institute of Medicine, 1998; Allen, 2012; Stabler, 2020). Vitamin B₁₂ functions as a cofactor for two enzymes, methionine synthase and L-methylmalonyl-CoA mutase (Institute of Medicine, 1998; Allen, 2010; Stabler,

2020). Methionine synthase catalyzes the conversion of homocysteine to the essential amino acid methionine (Institute of Medicine, 1998). Methionine is required for the formation of S- adenosylmethionine, a universal methyl donor for almost 100 different substrates, including DNA, RNA, proteins, and lipids (Allen, 2010; Stabler, 2020). L-methylmalonyl-CoA mutase converts L-methylmalonyl-CoA to succinyl-CoA in the metabolism of propionate, a short- chain fatty acid (Head et al., 2023).
5. SOURCES OF VITAMIN B₁₂
Vitamin B₁₂ is synthesized exclusively by certain bacteria and archaea and becomes available to humans primarily through animal-derived foods (Watanabe & Bito, 2017). Meat, fish, shellfish, eggs, and dairy products are recognized as the major dietary sources, with the vitamin accumulating in animal tissues through microbial synthesis in ruminant stomachs and aquatic food chains (Watanabe, 2007; Watanabe et al., 2014). The bioavailability of vitamin B₁₂ varies among foods, averaging 42% from fish, 56–89% from sheep meat, and 61–66% from chicken meat, while absorption from eggs is relatively low (< 9%) (Watanabe, 2007). Certain non- animal foods may also contain measurable amounts of vitamin B₁₂ due to microbial interactions or fermentation. Seaweeds such as nori provide 1.03–2.68 µg B₁₂ per sheet, whereas hijiki and other species show only trace levels (Marques de Brito et al., 2022). Some mushrooms, notably shiitake, contain 0.79–1.12 µg B₁₂ per 20 g dry weight, though content varies considerably (Marques de Brito et al., 2022). Fermented foods like soy yogurt have been reported to contain up to 20 µg B₁₂ per cup but the presence of active cobalamin remains inconsistent (Marques de Brito et al., 2022).
6. GLOBAL STATUS OF VITAMIN B₁₂
Vitamin B₁₂ deficiency occurs across populations worldwide, with notable differences according to region and age group. As shown in Table 2, prevalence is generally low among younger adults in high-income countries but rises in older age groups, while low- and middle- income countries experience substantially higher rates, affecting both children and adults. These findings underscore vitamin B₁₂ deficiency as a widespread nutritional concern, with prevalence ranging from relatively low levels in affluent populations to significantly higher levels in populations with limited access to animal-source foods.
Table 02. Global prevalence of vitamin B₁₂ deficiency across selected populations

	Country / Region
	Study
	Population
	n
	Deficiency prevalence (%)
	Reference

	United States
	NHANES 1999–2002
	Adults ≥70 y
	—
	6
	Pfeiffer et al., 2005

	United States
	SALSA
	Elderly Hispanics
≥60 y
	>1,600
	6
	Campbell et al., 2003

	United Kingdom
	National ageing surveys
	
Adults ≥75 y
	
3,511
	
≥10
	Clarke et al., 2004;
Clarke et al., 2007



	Ethiopia
	Cross- sectional study
	Primary- school children
	514
	34
	Melaku et al., 2024

	
Colombia
	Cross- sectional study
	
Adults
	
≈2,170
	
17.8
	Vargas- Uricoechea et al., 2023



7. VITAMIN B₁₂ STATUS IN INDIA
Vitamin B₁₂ deficiency in India exhibits clear regional differences, as shown in Table 3. North Indian populations generally have higher prevalence of deficiency and borderline status, likely driven by longstanding dietary practices such as strict vegetarianism and limited consumption of animal-source foods. In contrast, southern populations, although still affected, tend to have slightly lower rates, which may reflect greater dietary diversity, access to animal-source foods, or fortified products.
In addition to regional variation, there is a marked urban–rural gradient in vitamin B₁₂ status. Across both regions, rural populations consistently show higher prevalence of deficiency, likely due to limited access to diverse diets, lower socioeconomic status, and reduced exposure to fortified foods. Urban populations, while generally better nourished, still exhibit significant deficiency, particularly among groups with vegetarian dietary patterns or low awareness of vitamin B₁₂-rich foods. These findings highlight the need for targeted interventions that account for both geographic and residential contexts.
Table 03. Vitamin B₁₂ deficiency in India: Regional and urban–rural differences

	Region / Location
	Population (age)
	Deficiency / Marginal
Status
	Key Notes / Observations
	Reference

	North India – Raebareli
	Older patients (≥60 y)
	17.1% deficient,
17.1%
borderline
	Higher prevalence in males; strict vegetarians
	Biswas et al., 2024; Singh et
al., 2022

	
Punjab
	Women of
reproductive age (15–49 y)
	37%
insufficient
	Subclinical
burden significant
	
Goh et al., 2023

	South India – Mysore
	Children (9½ y)
	3% deficient,
14% marginal
	Low prevalence in young
children
	Christian et al., 2014

	South India – Urban adults
	Adults (21–60 y)
	35% deficient;
44% in 21–40 y,
40% in 41–60 y
	Vegetarians 54%, mixed diet
31%
	Sivaprasad et al., 2016

	South India – Rural women
	Women of
childbearing age (18–45 y)
	44% deficient (≤200 pg/mL)
	Many also folate-deficient
	Singh et al., 2017

	South India – Urban
schoolchildren
	Children (6–16 y)
	33.4% deficient
	Multi-center study including
southern sites
	Awasthi et al., 2022



	
Haryana – Adolescents
	
Adolescents (11–17 y)
	
Rural 43.9%,
Urban 30.1%
	Rural higher due to limited diet & socioeconomic
factors
	
Chakraborty et al., 2018

	
Pune – Middle- aged men
	
Adults (40–60 y)
	
Rural 64.8%,
Urban 52.2%
	Rural lower mean B₁₂; urban middle-class still high
deficiency
	
Ghonge et al., 2025

	
Pune – Men, rural/slum/urban
	
Adults (varied 20–60 y)
	Overall, 67%
low (<150 pmol/L)
	Highest deficiency in urban middle-
class (81%)
	
Yajnik et al., 2006



8. DETERMINANTS OF VITAMIN B₁₂ DEFICIENCY
8.1 Dietary Patterns (Vegetarianism and Veganism)
Dietary patterns exert a major influence on vitamin B₁₂ status, particularly in populations with a high prevalence of vegetarianism. Evidence from an Indian cohort reported that vegetarians had a 4.4-fold higher prevalence of vitamin B₁₂ deficiency than non-vegetarians, highlighting the strong dietary contribution in the Indian setting (Yajnik et al., 2006). This elevated risk is further reflected in clinical data: in a hospital-based study from Kota, 28.3% of vegetarians were deficient compared with 5.8% of non-vegetarians (Meena et al., 2016), while persistent low B₁₂ levels were also documented among urban corporate vegetarians (Chirravuri et al., 2023). Together, these findings demonstrate that reliance on plant-based diets without adequate fortification or supplementation can lead to chronically low B₁₂ intake and progressive depletion of body stores, ultimately predisposing individuals to haematological and neurological manifestations.
8.2 Socioeconomic status
Socioeconomic circumstances strongly shape Vitamin B₁₂ status because they determine the extent to which families can include animal-source foods such as milk, eggs, meat, and fish in their daily diets. Households with lower income often depend on cereal-based meals with minimal animal products, which increases their vulnerability to deficiency. Evidence from India shows that people from middle or higher income backgrounds are far less likely to be deficient compared with those from economically disadvantaged settings (Patel et al., 2022). Similar trends appear across different regions of the world. In high-income countries such as the United States and the United Kingdom, about 6% of adolescents have low B₁₂ levels, with a higher proportion found in low-income groups (Langan & Goodbred, 2017). Latin American countries report much higher rates, close to 40%, reflecting longstanding dietary inequalities (Hunt et al., 2014). Indian school-going adolescents also show considerable deficiency (32.4%), which is closely linked to poor dietary diversity and limited access to nutrient-rich foods (Chakraborty et al., 2018). Among newly arrived refugees in Australia, deficiency was identified in 16.5% of individuals, largely influenced by food insecurity before and after migration (Benson et al., 2013). Findings from the ENSANUT 2018–19 survey in Mexico further indicate deficiency in 5.1% of preschoolers and 4.8% of school-aged children,

particularly in households with limited resources (De la Cruz-Góngora et al., 2021). Together, these observations illustrate a consistent pattern across countries, i.e., economic hardship limits access to Vitamin B₁₂–rich foods, making low-income populations especially susceptible to deficiency.
8.3 Medication-Related Factors
Medication use is another important factor influencing vitamin B₁₂ status, particularly in older adults who often take multiple drugs. Metformin, a common first-line treatment for type 2 diabetes, is considered safe overall, but long-term therapy has been repeatedly linked to lower vitamin B₁₂ levels. This occurs because metformin interferes with the calcium-dependent mechanism needed for B₁₂ absorption in the distal ileum, which can gradually deplete the body’s stores over time (Sanchez-Rangel & Inzucchi, 2017).
Acid-suppressing medications also contribute to deficiency. Proton-pump inhibitors (PPIs) and H₂-receptor blockers lower gastric acid production, but sufficient stomach acid is essential for releasing vitamin B₁₂ from food. When acid secretion remains low for prolonged periods, less B₁₂ becomes available for absorption. Recent studies in geriatric populations highlight that extended use of PPIs, metformin, or H₂-blockers significantly increases the risk of deficiency, indicating the need for regular monitoring in individuals on long-term therapy (Al-Hamdani et al., 2025).
8.4 Ageing and Physiological Decline in Absorption
Older adults are one of the highest-risk groups for vitamin B₁₂ deficiency because gastric acid secretion naturally declines with age. Reduced acidity impairs the release of B₁₂ from food proteins, and atrophic gastritis becomes more common after age 50. This age-related malabsorption is independent of diet and may explain deficiency even among older adults consuming animal foods (Hunt et al., 2014; Langan & Goodbred, 2017).
8.5 Gastrointestinal Disorders and Malabsorption
Disorders affecting the stomach or small intestine are major contributors to vitamin B₁₂ deficiency because they interfere with intrinsic factor production, gastric acidity, pancreatic enzyme activity, or absorption in the terminal ileum. When these functions are compromised, even individuals with adequate dietary intake cannot absorb sufficient B₁₂. Conditions such as autoimmune destruction of parietal cells, chronic gastric atrophy, inflammation of the ileum, or surgical removal of key segments of the gastrointestinal tract significantly reduce the body’s ability to absorb the vitamin. These mechanisms explain why many patients with chronic gastrointestinal disease or those who have undergone gastric or intestinal surgery are at high risk for deficiency (Shipton & Thachil, 2015; Smith et al., 2018).
Key GI conditions associated with impaired B₁₂ absorption:
· Pernicious anaemia
· Gastric atrophy
· Celiac disease
· Crohn’s disease involving the ileum

· Pancreatic insufficiency
· Gastrectomy, ileal resection, and bariatric surgery

8.6 Infections Affecting the Gastrointestinal Tract
Certain infections of the gastrointestinal tract can interfere with vitamin B₁₂ absorption or increase nutrient losses, thereby contributing to deficiency. For instance, Helicobacter pylori infection can damage gastric parietal cells and disrupt intrinsic factor production, which is essential for vitamin B₁₂ absorption (Kaptan et al., 2000; Tükel & Aliustaoğlu, 2024; Ali et al., 2024). Similarly, parasitic infections such as Diphyllobothrium latum (fish tapeworm) can compete with the host for dietary vitamin B₁₂ within the intestine (Nyberg et al., 1961). Although these infection-related causes are less common than dietary insufficiency or other gastrointestinal disorders, they remain clinically significant, particularly in populations with a high prevalence of infectious diseases.
8.7 Increased Physiological Requirements
Certain physiological states increase the body’s need for vitamin B₁₂, making deficiency more likely if intake does not rise accordingly. During pregnancy, B₁₂ is crucial for fetal growth, red blood cell formation, and neural development, with the recommended dietary allowance (RDA) set at 2.4 µg/day compared to 2.2 µg/day for nonpregnant women (National Institutes of Health [NIH], 2020). In lactating women, B₁₂ is actively secreted into breast milk to support infant growth and neurodevelopment, raising maternal requirements to 2.8 µg/day (NIH, 2020; Dror & Allen, 2008). Periods of rapid growth in children and adolescents also increase B₁₂ demand due to accelerated cell division and higher red blood cell production (Leal et al.,2022). When these higher demands are not met through adequate dietary intake particularly in populations with low consumption of B₁₂-rich foods maternal and child stores can be depleted, leading to biochemical and clinical deficiency (Kumar et al., 2023). Moreover, insufficient maternal B₁₂ during pregnancy and lactation can impair infant neurodevelopment, highlighting the importance of adequate maternal intake during these critical periods (Dror & Allen, 2008).
8.8 Environmental and Culinary Practices
Household and environmental factors can significantly influence vitamin B₁₂ status. Over-boiling or prolonged heating of milk and other animal-source foods can result in substantial losses of this heat-sensitive vitamin, with studies reporting approximately a 24% reduction in B₁₂ content due to conventional boiling (Bahman et al., 2012). Additionally, the consumption of reverse-osmosis (RO)-treated water has been associated with a higher prevalence of B₁₂ deficiency. In a study from Western India, 50.6% of RO-water users were deficient, compared to 17.5% among individuals consuming other water sources (Bhalodia et al., 2024). Furthermore, inadequate food storage and poor hygiene, particularly in low-resource settings, can exacerbate vitamin B₁₂ degradation in animal-source foods, further increasing the risk of deficiency.
8.9 Poor Maternal Status Affecting Infants
Poor maternal vitamin B₁₂ status can have a serious impact on exclusively breastfed infants. Studies show that when mothers are B₁₂-deficient, their infants are significantly more likely to

be deficient as well. In a cohort from South India, 57% of exclusively breastfed infants aged 1–6 months were B₁₂-deficient, and 46% of their mothers were also deficient, with a positive correlation between maternal and infant B₁₂ levels (r = 0.23) (Mittal et al., 2017). Another study in the same region reported a 63.7% prevalence of B₁₂ deficiency in breastfed infants, underscoring that even mothers without obvious risk factors can pass on low B₁₂ to their infants through breast milk (Kadiyala et al., 2021). Moreover, newborn-screening studies have shown that many mothers with B₁₂ deficiency nutritional or otherwise gave birth to infants with low B₁₂ status, highlighting how maternal stores directly predict neonatal B₁₂ (Heinrich et al., 2022). These findings reinforce the importance of ensuring adequate maternal B₁₂ intake, particularly in low-resource or predominantly vegetarian populations, to prevent deficiency in infants.
9. CONCLUSION
Vitamin B₁₂ is a vital micronutrient required for proper haematological, neurological, and metabolic functioning. In India, deficiency continues to be widespread, especially among vegetarians, older adults, and socioeconomically vulnerable groups. Key contributing factors include low consumption of animal-source foods, age-related reductions in absorption, gastrointestinal disorders, and long-term use of certain medications. Insufficient B₁₂ can lead to megaloblastic anaemia, neurological impairments, elevated homocysteine levels, and other metabolic disturbances, with potentially serious long-term health consequences. While strategies such as supplementation, dietary diversification, and food fortification are effective in preventing deficiency, challenges persist regarding accessibility, adherence, and public awareness. Focused public health initiatives, alongside research into reliable plant-based sources and effective fortification methods, are essential to mitigate B₁₂ deficiency and enhance population health in India and beyond.
10. POLICY GAPS AND RECOMMENDATIONS
Despite ongoing nutrition programs, vitamin B₁₂ deficiency remains widespread in India. Targeted supplementation programs for vegetarians, elderly individuals, and women of reproductive age are recommended (Malik & Trilok-Kumar, 2020). Additionally, fortification of staple foods and plant-based alternatives, coupled with public health education, is essential to improve awareness and intake (Venkatesh et al., 2021).
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