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Abstract
Diabetes mellitus (DM) is the most common metabolic disease worldwide. Hence, the prevalence of the
disease continues to increase across the globe. Metformin is used as a first-line oral hypoglycemic drug to
keep control of type-2 DM (T2DM) in adults. Diabetic patients on metformin have been largely seen to be
suffering from a deficiency of vitamin B12. It is a water-soluble vitamin mainly obtained from animal food
like meat. At the basic cell level, it acts as a cofactor for enzymes essential for DNA synthesis and
neuroprotection. As a result, vitamin B12 deficiency can show clinical effects such as progressive
demyelination, peripheral neuropathy and haematological abnormalities (such as macrocytic anaemia and
neutrophil hypersegmentation). Various studies also show a relation between vitamin B12 insufficiency and
metformin-treated T2DM patients as decreased absorption of vitamin B12. There could be a severe
complication of vitamin B12 deficiency in T2DM patients. The use of proton pump inhibitors, gastric bypass
surgery, older patients and patients with a higher red blood cell turnover are factors that hasten the
depletion of vitamin B12 reserves in the liver. Methylmalonic acid and homocysteine levels can be measured
to identify vitamin B12 insufficiency at its early stage if blood vitamin B12 levels are borderline. The action
of metformin on vitamin B12 absorption and its potential mechanisms of inhibition will be the main topics
of discussion in this review. The review will also discuss how vitamin B12 deficiencies in T2DM patients
using metformin affect their clinical results. 
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Introduction And Background
Type-2 diabetes mellitus (T2DM) is a metabolic condition that is increasing public health awareness.
Numerous systemic macrovascular and microvascular problems are linked to the condition. T2DM can
impair a person's cardiovascular, neurological, and renal systems in addition to having a high death rate [1].
The most frequent consequence, which can develop in up to 50% of people, is diabetic peripheral
neuropathy (DPN) [1]. Every day that goes by, there is a global trend toward an increase in the prevalence of
diabetes. The management strategy for T2DM often starts with one anti-glycemic medication, which is
usually a biguanide, metformin [2]. It decreases glucose synthesis from the liver while somewhat enhancing
peripheral glucose utilization. Through organic cation transporters, metformin enters cells and activates the
adenosine monophosphate (AMP) dependent protein kinase. Metformin is the most effective drug which also
lowers blood glucose, improves lipid profiles, and causes mild weight reduction [3].

Nonetheless, some disadvantages of metformin use are noted in diabetics, including metformin-induced
vitamin B12 deficiency [4]. The mechanism behind it can be either directly reducing the vitamin B12
absorption or altering the motility of the small intestine [5]. According to reports, 14% to 30% people on
long-term metformin have lower level of vitamin B12 in blood, and 30% develop vitamin B12 malabsorption
[6]. After ingestion, vitamin B12 is released by undergoing proteolytic breakdown of its carrier proteins
present in food at acidic pH of the stomach. In the stomach, vitamin B12 attaches to haptocorrin, a
cobalamin binding protein [7]. Haptocorrin is produced and released by salivary glands of the oral cavity.
Vitamin B12 is protected from breakdown in the acidic environment of stomach by haptocorrin-vitamin B12
complex. After reaching duodenum, haptocorrin-vitamin B12 complex undergoes cleavage due to the
changes in pH and breakdown of haptocorrin by the pancreatic proteases, which leads to the release of
vitamin B12 in its free form. A complex of intrinsic factor (IF) and vitamin B12 is formed in the duodenum
after the release of IF from the parietal cells of the stomach and its attachment to free vitamin B12 [8]. The
newly formed IF-vitamin B12 complex is subsequently bound by the cubilin receptor on the distal end of the
ileum in a calcium-dependent manner, resulting in vitamin B12 absorption by endocytosis. Internalization
of the IF and vitamin B12 complex results in the release of the complex from its receptor and passage into
the bloodstream [9]. Transcobalamin gives the site of attachment for 20%-25% of vitamin B12.
Holotranscobalamin (HoloTC) is another name for the transcobalamin-vitamin B12 complex, which is the
active form of cobalamin that enables the absorption of vitamin B12 into the cells through specific
transcobalamin receptors. The liver stores 70%-80% of vitamin B12 bound to haptocorrin. A part of vitamin
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B12 is excreted in bile and circulated throughout the liver's enterohepatic system [10].

In the cells, vitamin B12 participates in two reactions, firstly in the cytosolic mechanism mediated by the
enzyme methionine synthase for which it acts as a cofactor. Here it aids in the transmission of a methyl
group to homocysteine from the reaction, 5-methyltetrahydrofolate to tetrahydrofolate, to create 2-amino-
4-(methylthio)butanoic acid (methionine). Additionally, as an intermediary step in fatty acid oxidation and
ketogenic amino acid catabolism. Here it helps convert methylmalonyl coenzyme-A (CoA) to succinyl CoA
catalyzed by the enzyme methylmalonyl-CoA mutase. Vitamin B12 deficiency halts this process, which
causes methyl malonyl CoA and homocysteine to accumulate, which consecutively gets converted into
methylmalonic acid. Hence, the functional markers for vitamin B12 insufficiency include increased serum or
plasma homocysteine and methylmalonic acid levels [11].

Review
Methodology
The search methodology followed a comprehensive approach to identify relevant studies for the review. The
process involved searching various databases, defining inclusion and exclusion criteria, screening articles,
and selecting the final studies for the review. A comprehensive search was conducted in electronic
databases, including PubMed. These databases were chosen to ensure broad coverage of relevant
literature. The search included studies published from the inception of the databases up to 30 August 2023,
with no specific date restrictions. The search strategy incorporated a combination of key terms and Medical
Subject Heading (MeSH) terms related to metformin, type-2 diabetes mellitus, pathophysiology, clinical
manifestation, and, management of vitamin B12 deficiency. The key terms included are type-2 diabetes
mellitus, malabsorption, anemia, neuropathy, metformin, vitamin b12 deficiency, diabetes mellitus,
hyperglycemia, methylcobalamin, IF, and relevant synonyms. Only articles published in English were
considered. Case reports and editorials were excluded from the review. The initial screening involved
reviewing the titles and abstracts of the identified articles based on the inclusion and exclusion criteria.
Full-text articles were obtained for the potentially relevant studies, and further screening was conducted to
select the final articles for the review. A total of 54 articles met the inclusion criteria and were included in
the final review. The following Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) flow diagram provides a visual representation of the search methodology, showing the number of
articles identified, screened, and included in the final review (Figure 1).
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FIGURE 1: PRISMA diagram
Authors' creation

PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses

Pathophysiology
The proposed mechanisms involved in vitamin B12 deficiency induced due to long-term use of metformin
are not very familiar until now [12]. However, the main mechanisms causing the deficiency are the alteration
of absorption and metabolism of vitamin B12. The various mechanisms (as seen in Figure 2) can be
metformin travels to the liver and causes increased accumulation of vitamin B12, leading to decreased
distribution in tissues and altered metabolism of vitamin B12 [13]; interference with the binding of IF-
vitamin B12 complex to the cubilin receptors on the intestinal villi and enterocytes at the level of the ileum
[14]; reduced secretion of IF by stomach parietal cells [15]; impairment of enterohepatic recycling of vitamin
B12 due to alteration in metabolism and reabsorption of bile acid [16]; and reduced motility of the small
intestine results in bacterial overgrowth, preventing the IF-vitamin B12 combination from being absorbed in
the distal ileum [17]. 
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FIGURE 2: Metformin-induced vitamin B12 deficiency
Authors' creation

IF: Intrinsic factor

Recently, it was proposed that metformin only reduces the amount of circulating vitamin B12 and has no
impact on the levels of intracellular vitamins. Target cells requiring vitamin B12 are reached by a
complicated pathway including numerous proteins and receptors. Understanding this multi-step course is
necessary to comprehend the complex nature of vitamin B12 insufficiency and the issues accompanying its
diagnosis [18]. Then the vitamin is found in the bloodstream attached to either transcobalamin-I (TC-I) or
transcobalamin-II (TC-II). 20-30% of the total amount of circulating vitamin B12 is thought to be bound to
TC-II protein. Newly absorbed vitamins are bound by the protein and transported to the target tissues where
they are absorbed via a receptor-mediated internalization process. Measuring TC-II level bound to vitamin
B12 is used as a diagnostic method to assess vitamin B12 status. 70-80% of the circulating vitamin B12 is
bound by TC-I, preventing the loss of the free, unnecessary fraction [19].

Clinical manifestations and assessment of deficiency
Usually, metformin is widely used in long-term diabetes control. The clinical features of metformin-
induced vitamin B12 deficiency include hematological manifestations in the form of megaloblastic anemia
and neurological complications, i.e., peripheral neuropathy, degeneration of the spinal cord, and decline of
cognition [20]. Cognitive decline may become apparent or develop into dementia in people with macrocytic
anemia because it affects the production and shape of white blood and red blood cells. Numerous
hematologic and neuronal consequences, as well as the four biomarkers of blood, which are total vitamin
B12 level, HoloTC, homocysteine, and methylmalonic acid, are markers of vitamin B12 status. The problem
is that not any one of these indicators individually has the optimum specificity and sensitivity for vitamin
B12 insufficiency [21]. The respective cut-off values for serum total vitamin B12, HoloTC indicating
deficiency is <148 picomol/L, <35-40 picomol/L [19]. The respective cut-off values for elevated homocysteine
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and methylmalonic acid are >12-15 µmol/L and >370 nmol/L [22]. The idea is that measuring two out of the
four biomarkers of blood to determine the status of vitamin B12 would increase the specificity and
sensitivity for diagnosis compared to measuring only one biomarker [23]. Recently, a method has been
devised that uses all four biomarkers concurrently to provide a single value known as combined vitamin B12
[24]. The cut-off range of combined vitamin B12 has been determined to correlate to several classes of the
status of vitamin B12 and are adequate -0.5 to 1.5, deficient -2.5 to -1.5, and elevated >1.5. Initial
evaluations of the use of combined B12 in assessing the status of vitamin B12 have shown that it has more
tremendous diagnostic potential than any one of the other four biomarkers by itself [25,26]. The frequency
of vitamin B12 insufficiency differs with populations. Globally, several countries have varied dietary
practices and eating habits. Regular vitamin B12 supplementation cannot reverse the biochemical B12
reduction in diabetics receiving metformin, according to a national survey [27]. There was a solid dose-
dependent relationship between the prevalence of vitamin B12 deficiency and metformin use, and a
connection was discovered relating to the period of metformin use. Recent cross-sectional studies have
shown that more than a thousand-milligram dosages have shown a correlation with vitamin B12
insufficiency that is independent [28]. 

High-risk group for developing vitamin B12 deficiency
Apart from individuals suffering from T2DM, numerous conditions are substantially involved with vitamin
B12 insufficiency, which will be discussed in this section. Elderly people, pregnant women, and particular
ethnic and racial groups are more likely to develop vitamin B12 insufficiency. Older people have more
chances of vitamin B12 deficiencies, especially those over 65 years of age, with a cobalamin insufficiency
prevalence of 10%-15% [29,30]. Many conditions lead to vitamin B12 deficiency, and the underlying process
behind them has been mentioned in Table 1 [31,32]. For an accurate differential diagnosis, such conditions
should be quickly recognized in patients taking metformin with vitamin B12 insufficiency. Because
cobalamin may be transferred from the maternal to the fetal and newborn in the phase of pregnancy, it can
also affect the mother's vitamin B12 level. Prevalence estimates of vitamin B12 insufficiency during
pregnancy have been found to range from less than 10% in Canada to more than 70% in India [33,34].
According to a cross-sectional survey conducted in New Zealand, the Pacific Islands and certain Southeast
Asian countries, including Indonesia, Malaysia, Vietnam and the Philippines, endured the highest levels of
vitamin B12, while South Asians, as well as those with ancestry in India are at maximum risk of decreased
vitamin B12 status [35]. Another study indicated that South Asians have a more significant occurrence of
vitamin B12 insufficiency than the overall population [36]. Vitamin B12 (cobalamin) deficiencies during
infancy negatively affect the growing brain, whereas folate deficiencies during the periconceptional phase
lead to neural tube malformations. Deficiencies in both vitamins are related to an increased risk of
depression in adults [36]. In diabetic individuals with neuronal involvement, metformin-induced vitamin
B12 deficiency can worsen nerve damage, leading to neuropathy caused by cobalamin deficiency [37].
Furthermore, moderate to severe peripheral neuropathy associated with diabetes occurred much more
frequently in metformin-treated individuals [37].
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Conditions leading to vitamin
B12 deficiency 

Underlying process 

Chronic alcoholism, strict vegan
diet, malnutrition

Decreased intake of food that contains vitamin B12 in the diet

Elderly age group Decreased absorption of vitamin B12 and reduced intake in diet causing deficiency

Gastric bypass surgery, total or
partial gastrectomy, weight loss
surgery and chronic gastritis 

Inadequate secretion of IF

Long-term (more than a year) use
of medications that control
stomach acid output or change
the pH of the stomach, such as
antacids, proton pump inhibitors,
and histamine receptor
antagonists

These drugs cause inadequate pepsin activity and insufficient hydrochloric acid, which prevent vitamin
B12 from being adequately liberated from the food matrix

Long-term metformin usage

The primary mechanism by which metformin ensues in a vitamin B12 deficit is unspecific. It might be
one of the following: (1) Increased accumulation of vitamin B12 in the hepatocytes; (2) Interfering with
the IF-vitamin B12 complex's ability to bind to the cubilin receptor in a calcium-dependent manner; (3)
Reduced secretion of IF by the parietal cells present in the stomach; (4) Decreased enterohepatic
recycling of vitamin B12; (5) Diminished motility of the small intestine leading to decreased retention of
IF-vitamin B12 complex from the distal ileum

Exocrine pancreatic disease 
Decreased activity of pancreatic enzymes leads to reduced proteolytic breakdown of haptocorrin.
Additionally, the distal ileum does not allow for the absorption of vitamin B12, which has already been
bonded to haptocorrin

Parasitic infestation of the
intestine (by protozoan or
tapeworm)

Decreased retention of vitamin B12 due to its trapping by the parasitic organisms

TABLE 1: Conditions leading to vitamin B12 deficiency and its underlying process
IF: Intrinsic factor

Benefits of metformin in systemic diseases
According to recent animal research, metformin has neuroprotective and anti-neuropathic properties that
are separate from its euglycemic impact. In mice, metformin guards against the neuropathic discomfort and
numbness brought on by chemotherapy [38]. Metformin has also been shown in studies on animals to
eliminate pain brought on by sensory neuron stimulation, in addition to treating neuropathic allodynia,
protecting against alcohol-induced apoptosis of neurons, and increasing neurogenesis. Additionally, it
prevented neuronal death in cortical neurons and had neuroprotective benefits for Parkinson's patients [39].
Metformin significantly benefits T2DM, cancerous diseases, neurodegenerative and cardiac diseases, aging,
reproductive system diseases, Covid-19, and Down syndrome. Metformin also has side effects, such as
gastrointestinal issues, lactic acidosis, neurodegenerative disease, and vitamin B12 deficiency [40]. The use
of metformin in a regimen with other antihyperglycemic medications, such as sodium-dependent glucose
transporters-2 inhibitors, dipeptidyl peptidase-4 inhibitors, glibenclamide, glucagon-like peptide-1 receptor
agonists, is more effective than metformin alone in lowering blood glucose levels [41]. In newly diagnosed
T2DM patients, metformin medication significantly reduces the risk of cardiovascular events compared to
standard therapy (diet management), and a 39% risk reduction of myocardial infarction was documented
[42]. Worldwide, polycystic ovarian syndrome (PCOS) affects around 5-20% of reproductive-aged women,
and the majority of cases are marked by elevated androgens, insulin resistance, acanthosis nigricans,
ovulatory dysfunction, and other symptoms. Researchers discovered that metformin therapy increased the
chances of conception for PCOS-affected women [43]. Even though aging is an inevitable phase of life,
metformin was chosen to be studied for its impact on aging benefits due to its anti-inflammatory qualities
and restoration of redox effects. Metformin has been shown in several epidemiological studies to slow the
aging process and lower mortality from all causes of age-related disorders [44]. Metformin may be able to
lower cancer-related mortality as well as cancer risk, according to epidemiological research [45]. Metformin
slightly reduces the risk of adenomas, pancreatic duct adenocarcinoma, and endometrial cancers [45]. Most
active clinical studies of cancer treatment use metformin in conjunction with recognized cytotoxic
chemotherapy [46]. A drug's safety must be thoroughly considered, in addition to its efficacy and
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advantages. Because of its pleiotropic method of action, metformin not only treats several ailments but also
has several adverse effects. Gastrointestinal issues are frequently the adverse effect of metformin medication
that is most commonly observed, affecting 2-63% of T2DM patients, including diarrhea, nausea, vomiting,
pain in the abdomen, and flatulence [47].

Management of vitamin B12 deficiency 
A frequent illness, vitamin B12 insufficiency can manifest clinically as non-specific symptoms or, in more
severe situations, as neurological or hematopoietic abnormalities. Although pernicious anemia was once the
primary cause, this disorder is now only seen in a few cases, and food-bound cobalamin malabsorption is
responsible for vitamin B12 insufficiency [48]. First and foremost, it is essential to prevent the emergence of
frank vitamin B12 deficiency in those who are at increased risk for it. When it does, it is essential to provide
an appropriate replacement [10]. With this strategy, it is possible to avoid the clinical effects of vitamin B12
insufficiency, such as megaloblastic anemia, and neurological manifestations like peripheral neuropathy.
Patient without neurological damage requires hydroxocobalamin 1 mg on alternating days for 14 days,
followed by three-monthly injections of hydroxocobalamin 1mg. If due to pernicious anemia, this regimen
should be taken for the rest of one's life [49]. If there is another underlying reason for the deficit, therapy
should continue until persistent improvement in hematological indices is observed. When there are
neurological symptoms, the dosage is continued until no more clinical relief is observed, after which two
monthly injections are administered [49]. Recommend referral of pregnant females to a secondary care
center if severe neurological manifestations occur. It is frequently beneficial to treat underlying issues, such
as antibiotics for bacterial overgrowth, and to stop using the offending medications [50]. The patient's
reaction to therapy must be monitored once the diagnosis of vitamin B12 deficit has been determined and a
treatment plan has been started. If severe anemia and vitamin B12 deficiency are linked, correcting the
deficient condition should result in a noticeable reticulocyte count increase in seven to fourteen days
[51]. The unfavorable effects of newborns with vitamin B12-associated neuropathy can be reduced with
cobalamin therapy [52]. Numerous case studies involving young children found that vitamin B12 treatment
improved their hematological status and quickly improved symptoms like lethargy and reduced activity [53].
Cobalamin deficiency may hinder early development by causing problems with myelination, dendritic
formation, or inflammation. There are no current guidelines regarding the preventive use of oral vitamin
B12 for individuals on metformin [54]. The various clinical studies done till date regarding the measurement
of the prevalence of vitamin B12 deficiency, their diagnostic cut-off point and other sample and study
characteristics are mentioned in Table 2 [55]. 

Study
Obtained
prevalence

Cut-off point of vitamin B12
(pmol/L)

Study setting

Reinstatler et al.
[19]

5.80% <148 NHANES, United States

Liu et al. [27] 29% <150 Geriatric outpatient clinic, Hong Kong

Ahmed et al. [2] 28.10% <150 
Outpatient diabetes clinics of two

tertiary hospitals, South Africa

Yakubu et al. [28] 32.10% <135
Diabetic clinic of the Effia Nkwanta Regional Hospital,
Takoradi, Ghana

Miller et al. [26] 6.50% <148 Latino ancestry residing in Sacramento, California

Pennypacker et al.
[29]

14.50% <148 University Health Sciences Center, Denver, Colorado

TABLE 2: Clinical studies that measured the prevalence of metformin-induced vitamin B12
deficiency, their diagnostic cut-off points and other sample and study characteristics
NHANES: National Health and Nutrition Examination Survey

Conclusions
In conclusion, the widespread and often indispensable use of metformin in the treatment of T2DM has shed
light on a significant yet underappreciated consequence, the potential to induce vitamin B12 deficiency.
This article has delved into the intricate relationship between metformin and vitamin B12, highlighting the
mechanisms by which the drug may disrupt the absorption and utilization of this essential nutrient. The
evidence presented underscores the importance of vigilance among healthcare professionals and patients
alike. Routine monitoring of vitamin B12, especially metformin users, for extended periods, is imperative to
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detect and address the deficiency in its early stages. Routine supplementation or dietary adjustments can
mitigate the risk of adverse effects on hematological, neurological, and metabolic health. Furthermore, this
discussion prompts a broader reflection on the complex interplay between pharmaceutical interventions
and nutrient balance. While metformin undoubtedly offers invaluable benefits in diabetes management, its
potential impact on vitamin B12 absorption emphasizes the need for a holistic approach to patient care.
Practitioners should consider personalized treatment plans that account for the potential nutrient
deficiencies associated with certain medications. Looking ahead, continuing research is necessary to develop
our knowledge about metformin-vitamin B12 interaction and find creative solutions to reduce the dangers of
deficiencies. By fostering collaboration between healthcare providers, researchers, and pharmaceutical
developers, we can optimize the benefits of metformin therapy while minimizing its unintended
consequences.
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