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Over the last decades, low vitamin B12 status has been reported in individuals with
type 2 diabetes mellitus (T2DM). Metformin, the first-line therapy for lowering blood
glucose, is the main driving factor behind this association. Although the relation-
ship between vitamin B12 deficiency and metformin is well established, results of
studies on the exact effect of the dose and duration of the therapy remain inconsis-
tent. Additionally, a lack of consensus on the definition of vitamin B12 deficiency
adds to the conflicting literature. The objectives of this review were to analyze and
synthesize the findings on the effects of metformin dose and duration on
vitamin B12 status in patients with T2DM and to outline the potential mechanisms
underlying metformin’s effect on vitamin B12. Metformin therapy has adversely
affected serum vitamin B12 concentrations, a marker of vitamin B12 status. The met-
formin usage index (a composite score of metformin dose and duration) might
serve as a potential risk assessment tool for vitamin B12 screening in patients with
T2DM. Considering the health implications of suboptimal vitamin B12 status,
vitamin B12 concentrations should be monitored periodically in high-risk patients,
such as vegans who are receiving metformin therapy for T2DM. Additionally, it is
prudent to implement lifestyle strategies concurrent with metformin therapy in indi-
viduals with T2DM, promoting an overall synergistic effect on their glycemic
control.

Key words: cobalamin, intrinsic factor, metformin, type 2 diabetes, vitamin B12.

INTRODUCTION

Vitamin B12 (cobalamin), a hydrophilic vitamer, is
derived primarily from foods of animal origin such as

dairy, meat, and eggs.1 Several foods such as breakfast
cerelas, bread, and snack bars are fortified with

vitamin B12, providing an alternate source of
vitamin B12 for vegans and vegetarians. In food,

vitamin B12 is bound to protein and requires cleaving
into its free form by hydrochloric acid in the gastric

lumen before absorption.2 After cleavage, haptocorrin,

a glycoprotein, binds to vitamin B12. This bound form is

then cleaved by pancreatic proteases in the duodenum.
The resulting free cobalamin binds to a carrier protein

called intrinsic factor (IF). IF facilitates cobalamin
absorption in the small intestine and its subsequent

release into circulation via the intestinal brush border.
Vitamin B12 is delivered to the liver and peripheral tis-

sues attached to the transport proteins haptocorrin or
transcobalamin II. Haptocorrin-bound vitamin B12 is

delivered primarily to the liver because of a lack of hap-
tocorrin receptors on peripheral cells, and accounts for
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70%–80% of the circulating vitamin B12.

Transcobalamin II chiefly supplies vitamin B12 to all

cells, though only 20%–30% of serum cobalamin is

bound to transcobalamin II as holotranscobalamin in

the blood.3

In adults with healthy gastrointestinal function,

vitamin B12 bioavailability ranges from 4.5% to 83%,

depending on the food source and saturation of diges-

tive proteins. Bioavailability may be lower in those with

less-than-optimal gastric acid, IF, and transport carrier

protein.1,3,4 Vitamin B12 acts as a coenzyme for 2 mam-

malian enzymes. Methionine synthase remethylates

homocysteine to methionine, generating tetrahydrofo-

late for the synthesis of nucleic acids. It also holds neu-

rological significance through the maintenance of the

myelin sheath in nerve cells via methionine and subse-

quent S-adenosylmethionine production.5 In the mito-

chondria, methylmalonyl coenzyme A (CoA) is

converted to succinyl CoA, which is catalyzed by meth-

ylmalonyl CoA mutase. This enzyme is dependent on S-

adenosylcobalamin, a vitamin B12 coenzyme. This bio-

chemical reaction is part of the catabolic pathways of

methionine, isoleucine, valine, threonine, cholesterol

side chains, and odd-numbered carbon chain fatty

acids. Suboptimal cobalamin concentrations lead to

macrocytosis, neurological changes, hyperhomocystei-

nemia (a risk factor for cardiovascular disease), and ele-

vated concentrations of methylmalonic acid (MMA), a

byproduct of an excessive buildup of methylmalonyl

CoA.6–8

The deficiency of cobalamin is diagnosed using

serum cobalamin concentrations with varying cutoff

values based on the testing laboratory’s diagnostic crite-

ria. No gold standard exists for measuring cobalamin

status, but serum cobalamin concentrations

<148 pmol/L are used for diagnosing vitamin B12

deficiency.9 Although sensitive, this test has a low spe-

cificity.10 Serum vitamin B12 tests measure total serum

cobalamin bound to haptocorrin and transcobalamin II

and do not reflect true tissue stores of cobalamin. Tests

measuring holotranscobalamin (cobalamin-bound

transcobalamin II), the bioactive vitamin B12 form, can

be used as an early indicator of vitamin B12 malabsorp-

tion because of its short half-life.11 Assessing

vitamin B12 status using 1 functional marker of

vitamin B12 deficiency (elevated total homocysteine

[tHcy] or MMA) and 1 marker of serum cobalamin

(total serum cobalamin or holotranscobalamin) has

been suggested to accurately identify cobalamin defi-

ciency in symptomatic individuals with normal serum

cobalamin status.12,13

Limited dietary intake and absorption, among

other causes, may affect vitamin B12 status and lead to

its deficiency (Table 1).9,14,15 Symptoms of deficiency

can manifest as fatigue, neuropathy, anemia, pale skin,

glossitis, hyperpigmentation of the skin, and neurologi-

cal impairment.16–18 The oral hypoglycemic agent met-

formin has been implicated in vitamin B12 deficiency.
Metformin is widely used as the first choice medi-

cation for the treatment of type 2 diabetes mellitus

(T2DM). It is considered safe, economical, and effica-

cious in improving glycated hemoglobin concentra-

tions.19 T2DM is a global health concern with a

prevalence of 462 million cases worldwide.20 In this

narrative review, the evidence on cobalamin status in

metformin-treated patients with T2DM was analyzed

and synthesized.

LITERATURE SELECTION

Relevant studies on the association between metformin

and vitamin B12 status were searched in the PubMed,

Table 1 Etiology and pathogenesis of vitamin B12 deficiency
Etiology Pathogenesis of cobalamin deficiency

Autoimmune diseases Low IF synthesis due to IF antibodies (in pernicious anemia and Sjögren’s syndrome)
Type 1 diabetes mellitus, hypothyroidism

Dietary Low intake of B12-rich foods (eg, women of childbearing age who are of South Asian origin;
excessive alcohol intake; vegan and vegetarian diets)

Gut disorder–associated
malabsorption

Impaired B12 absorption due to (1) low IF synthesis in Crohn’s disease, celiac disease, and
gastritis due to gut mucosal atrophy; (2) uptake of B12 by bacteria in the small
intestine due to bacterial overgrowth; (3) reduced pancreatic enzyme and
subsequent impaired proteolysis in pancreatic disorders (chronic pancreatitis)

Medication-associated
malabsorption

Extended use of gastric pH–lowering medications such as antacids, H2 receptor
antagonists, and proton pump inhibitors; use of oral contraceptives; metformin

Posturgical malabsorption Decreased absorption due to ileal resection
Total or partial gastrectomy
Bariatric surgery

Genetic or other causes Impaired B12 cellular transport (in transcobalamin II deficiency)
Family history, older age, chronic alcoholism, HIV

Abbreviations: B12, vitamin B12; H2, histamine receptor-2; HIV, human immunodeficiency virus; IF, intrinsic factor.

2 Nutrition ReviewsVR Vol. 00(0):1–8

D
ow

nloaded from
 https://academ

ic.oup.com
/nutritionreview

s/advance-article/doi/10.1093/nutrit/nuad045/7160351 by guest on 11 M
ay 2023



Cochrane, SCOPUS, and Embase databases. Studies

published in English after July 2013 were included

because previous research had already been systemati-
cally reviewed and meta-analyzed.21–23 The search was

not limited to study design, though studies with larger

sample sizes were given more priority. Studies assessing

the specific influence of the dose and duration of met-
formin were also prioritized. Studies with sample sizes

smaller than 250 were excluded. The following search

items were used: (((Metformin/) OR (Diabetes Mellitus/))

OR (Diabetes Mellitus, Type 2/)) AND (((Vitamin B 12/)
OR (Vitamin B 12 Deficiency/)) OR (Cobalamin)). Some

articles were identified through manual searching and

reference tracking.

Metformin-associated vitamin B12 deficiency: analysis
of clinical evidence

A summary of selected studies on the relationship

between metformin treatment and cobalamin status is

presented in Table 2.24–33 The relationship between

metformin therapy and cobalamin deficiency has long
been documented.34 First published in the late 1960s,

reports of this relationship demonstrated a decreased

absorption of cobalamin in patients who were taking

metformin for T2DM.35,36 In a large systematic review

of research conducted up until 2013, the majority of
included observational studies (59%) revealed signifi-

cantly lower concentrations of vitamin B12 in patients

with T2DM undergoing metformin therapy compared

with those who were not taking metformin.21 In that
study, a meta-analysis of 4 intervention trials showed a

mean reduction of 57 pmol/L in vitamin B12 concentra-

tions after 6 weeks to 3 months of metformin use

(weighted mean difference, –57.1; 95%CI, –35.5, –78.8).21

Because of significant heterogeneity between the studies

(I2 ¼ 72%), the authors suggested interpreting the results

with caution.
Since 2013, several observational and interventional

studies continued to support the relationship between

metformin therapy and serum cobalamin concentra-

tions.24–33 However, the focus of the literature began to
shift toward determining the impact of metformin dos-

age and duration of treatment of metformin on serum

cobalamin concentrations. One large cross-sectional

study in Korea demonstrated that for every 1-mg
increase in daily metformin dose, vitamin B12 concen-

trations decreased by 0.142 pg/mL (95%CI, –0.169, –

0.114).28 When compared with a group taking

<1000 mg metformin daily, groups taking 1500–
2000 mg or �2000 mg had odds ratios (ORs) of 3.34

(95%CI, 1.95, 5.75), and 8.67 (95%CI, 4.68, 16.06),

respectively.28 In another study, the OR for vitamin B12

deficiency at higher doses of metformin (�2000 mg vs

�1000 mg) increased to 3.8 (95%CI, 1.82, 7.92).29 On

the contrary, after adjustment for confounding factors,
some studies found no effect of metformin dose on

serum concentrations of vitamin B12.33,37,38

Similarly, findings on the effect of metformin dura-

tion on vitamin B12 status remain inconsistent. One
large, retrospective cohort of adult patients (n¼ 13 489)

found that the average time to develop vitamin B12 defi-
ciency after metformin initiation was 5.3 years.30 A post

hoc analysis of a randomized control trial found that
for every year of metformin use, the OR of cobalamin

deficiency increased by 13% (OR, 1.13; 95%CI, 1.06,

1.20).33 In contrast, a cross-sectional study in the
Netherlands (n¼ 298) found that the duration of met-

formin use had no effect (OR, 0.98; 95%CI, 0.87,
1.11).24 Similarly, another cross-sectional study found

no relationship between metformin use and concentra-
tion of cobalamin (b ¼ –0.14; 95%CI, –0.44, 0.16) or

holotranscobalamin (b ¼ 0.003; 95%CI, –0.09, 0.09), a
marker for cellular cobalamin deficiency.25

Because most studies only examined the impact of
the dose and duration of metformin treatment, little is

known about their cumulative impact on the circulating
concentrations of vitamin B12. A recent observational

study assessed the additive effect of both metformin
dose and metformin duration.31 In that study, authors

used a metformin usage index (MUI), calculated as the

daily metformin dose (in milligrams) multiplied by the
duration of metformin use (in years), then divide the

result by 1000. Interestingly, after multivariable adjust-
ment in logistic regression analysis, MUI was deter-

mined to be the most significant predictor of deficiency
of cobalamin. Furthermore, the risk for cobalamin defi-

ciency proportionally increased with MUI. Compared
with non-metformin users, the highest odds for

vitamin B12 deficiency were seen in metformin users
with MUI >15 (OR, 6.7; 95%CI, 4.4, 10), followed by

those who had an MUI >10 (OR, 5.1; 95%CI, 3.1, 8.5).

The OR decreased to 1.37 (95%CI, 0.9, 2.2) in individu-
als who had MUI <5. Hence, the MUI has been pro-

posed as a valid assessment tool to identify people at
high risk for cobalamin deficiency and aid in providing

appropriate strategies for interventions.

DISCUSSION

Metformin therapy negatively affected serum

vitamin B12 concentrations in patients with T2DM.
However, the findings related to the association

between metformin dose and duration with serum
vitamin B12 concentrations are inconsistent. These

inconsistent observations can be attributed to several
factors. One is that there was no agreement on the defi-

nition of cobalamin deficiency, which resulted in
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Table 2 Summary of studies on vitamin B12 status in relation to metformin therapy in people with type 2 diabetes
mellitus
Reference Study design, country,

and sample size
Sample characteristics Vitamin B12 (primary) or

MMA (secondary)
assessmentsa

Main findings and conclusions

de Groot-Kamphuis
et al (2013)24

Cross-sectional
Netherlands
N¼ 298

Patients with T2DM
receiving metformin
(no specific duration)

Mean age: 64.8 y

Deficiency: serum B12

<150 pmol/L
Each 100 mg of metformin

dose increased odds for B12

deficiency by 8% (P¼ 0.014).
Duration of metformin use had

no effect (P¼ 0.78).
Beulens et al

(2015)25
Cross-sectional
Netherlands
N¼ 550

Patients with T2DM
receiving metformin
(average dose,
1306 mg/d; average
duration, 64 mo)

Mean age: 61.6 y

Deficiency: serum B12

<148 pmol/L
Each increase of 1 mg/d in

metformin dose decreased
serum B12 and holotran-
scobalamin by 0.042 pmol/
L (P< 0.001) and
0.012 pmol/L (P< 0.001),
respectively.

Yousef Khan et al
(2021)26

Cross-sectional
Qatar
N¼ 3124

Patients with T2DM
receiving metformin
for �3 mo

Mean age: 56.6 y

Deficiency: serum B12

�145 pmol/L
A negative relation between

serum B12 level and metfor-
min dose (r ¼ –0.32;
P¼ 0.01).

No relation between cobala-
min and metformin use dura-
tion (r¼ 0.02; P¼ 0.1).

Miyan et al (2020)27 Cross-sectional
Pakistan
N¼ 932

Patients with T2DM
receiving metformin
for >2 y (69.2%) com-
pared with Patients
with T2DM not receiv-
ing metformin (30.8%)

Normal: serum B12

>221.4 pmol/L
Insufficient: serum B12

147.6–221.4 pmol/L
Deficient: serum B12

<147.6 pmol/L

B12 deficiency was higher in
users of metformin (3.9%)
than in non-users of met-
formin (2.1%).

Kim et al (2019)28 Cross-sectional
South Korea
N¼ 1111

Patients with T2DM
receiving metformin
�6 mo

Mean age: 59.5 y

Deficiency: serum B12

<221.4 pmol/L
For every 1-mg increase in

daily metformin dose,
serum B12 level decreased
by 0.1 pmol/L (P< 0.001).

Ko et al (2014)29 Cross-sectional
South Korea
N¼ 799

Patients with T2DM
receiving metformin
for �3 mo

Mean age: 59 y

Deficiency: serum B12

�221.4 pmol/L (with-
out folate deficiency)

OR for B12 deficiency at higher
doses of metformin
(�2000 mg vs �1000 mg)
was 3.8 (P< 0.001).

Compared with metformin use
<4 y, OR for B12 deficiency
for metformin use �10 y
increased to 9.21 (P< 0.001)

Martin et al (2021)30 Longitudinal (retro-
spective cohort)

United States
N¼ 13 489

Patients with T2DM
receiving metformin
for >1 y

Age range: 50–64 y

Deficiency: serum B12

<132.84 pmol/L
3.3% of metformin users

tested (44.9%) were B12 defi-
cient (vs 2.2% of
comparisons).

Average time between start of
metformin therapy and inci-
dence of B12 deficiency was
5.3 y.

Shivaprasad et al
(2020)31

Longitudinal (prospec-
tive cohort)

India
N¼ 2887

Patients with T2DM
receiving metformin
and patients with
T2DM not using
metformin

Age range: 20–65 y

Absolute deficiency:
serum B12

<147.6 pmol/L
Borderline deficiency:

serum B12 147.6–
221.4 pmol/L

Normal: serum B12

>221.4 pmol/L

Absolute B12 deficiency was
higher in metformin users
(24.5%) than in nonusers of
metformin (17.3%).

Odds for B12 deficiency were
6.74 times higher (P< 0.001)
in metformin users with
MUI>15 compared with
non-metformin users.

Out et al (2018)32 Post hoc analysis of
RCT (HOME study)

Netherlands
N¼ 390

Patients with T2DM
receiving 850 mg met-
formin or placebo 1–3
times/d (in addition to
insulin therapy) for
4.3 y

Age range: 30–80 y

Serum MMA, a marker of
B12 deficiency

Compared with placebo,
metformin therapy
increased serum MMA
level by 0.039 lmol/L
(P¼ 0.001).

(continued)
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variations in the cutoff concentrations, rendering their

comparisons difficult. Because of variability in immu-

noassays and measurement methods, serum cobalamin

concentration may not be a reliable biomarker of over-

all cobalamin deficiency. Some studies lacked compari-

son groups and others were limited by the absence of

sufficient data to compare between metformin users

and metformin non-users. Furthermore, other sources

of heterogeneity across the studies included wide differ-

ences in population characteristics and sample size.

Metformin and vitamin B12 status: plausible
mechanisms

Metformin affects circulating vitamin B12 concentrations

through several proposed mechanisms, although these are

not fully elucidated.39–42 The most plausible mechanism

is impaired calcium-mediated uptake of the IF–cobalamin

complex to the ileum via the cubilin receptor. Cobalamin

absorption occurs in the distal part of the small intestine

and is calcium dependent. Here, metformin affects the

membrane receptor function by modifying its membrane

potential and limiting calcium-dependent vitamin B12

absorption. Metformin’s hydrophobic tail attaches to the

cell membrane’s hydrophobic core, resulting in a net pos-

itive charge that repels calcium cations.43 In 1 study, cal-

cium supplementation was shown to reverse vitamin B12

malabsorption.42

Another proposed mechanism involves metformin-

induced impaired motility of the small intestine.

Metformin improves the glucose profile through a ser-

ies of mechanisms, 1 of which is increased intestinal

transit time.44 This may alter gut microbiome composi-

tion and lead to small intestinal microbial overgrowth.

Intestinal bacteria use vitamin B12 for metabolic

processes, and the resulting metabolites compete with

cobalamin absorption, inhibiting the binding of the IF–

cobalamin complex to receptors on the ileal mucosa.

Another mechanism is that metformin may lower the

secretion of IF by gastric cells and reduce concentra-

tions of cobalamin. Additionally, the distribution and

metabolism of cobalamin in the tissues may be altered

due to metformin-induced cobalamin accumulation in

the liver (Figure 1).

Recommendations

Vitamin B12 deficiency results in megaloblastic/macro-

cytic anemia, paresthesia, cognitive impairment, and

other neurological manifestations. Elevated circulating

tHcy concentration is an indicator of cardiac disease

and inflammation and is observed in those with

vitamin B12 deficiency.8 Although vitamin B12–associ-

ated hyperhomocysteinemia does not increase cardio-

vascular disease risk, an increase in cardiovascular

disease mortality has been reported in those with

T2DM and low serum vitamin B12 concentrations, inde-

pendent of tHcy concentrations.45,46

In light of the associated health consequences of

cobalamin deficiency, it is prudent to periodically

screen for vitamin B12 deficiency in patients who are

receiving metformin therapy for T2DM. This is espe-

cially important in high-risk populations such as elderly

persons, people who take H2 receptor antagonists or

proton pump inhibitors, those who practice veganism,

those who have undergone partial or total gastrectomy,

and patients with malabsorption syndromes.15,47–51

Therefore, vitamin B12 deficiency should be corrected

while emphasizing the importance of maintaining a

Table 2 Continued
Reference Study design, country,

and sample size
Sample characteristics Vitamin B12 (primary) or

MMA (secondary)
assessmentsa

Main findings and conclusions

Aroda et al (2016)33 Post hoc analysis of
RCT, multicenter
study (DPP study)

United States
n¼ 1073 taking

metformin
n¼ 1082 receiving

placebo

Individuals with high risk
for T2DM (increased
fasting glucose,
decreased glucose tol-
erance, and increased
body adiposity) taking
850 mg metformin
twice daily for 3.2 y
(extended for an addi-
tional 9 y) or placebo
for 3.2 y

Age: �25 y

Low serum B12, <150
pmol/L

Borderline-low serum
B12, 150–220 pmol/L

B12 deficiency was higher in
metformin users (4.3%) than
in the placebo group (2.3%)
at 5 y (P¼ 0.02).

For every year of metformin
use, the odds for cobalamin
deficiency increased by 13%.

aConversion: 1 pmol/L¼ 1.355 pg/mL.
Abbreviations: B12, vitamin B12; DPP, Diabetes Prevention Program; HOME, Hyperinsulinemia: The Outcome of its Metabolic Effects, a
randomized controlled trial; MMA, methylmalonic acid; MUI, metformin usage index; OR, odds ratio; RCT, randomized controlled trial;
T2DM, type 2 diabetes mellitus.

Nutrition ReviewsVR Vol. 00(0):1–8 5

D
ow

nloaded from
 https://academ

ic.oup.com
/nutritionreview

s/advance-article/doi/10.1093/nutrit/nuad045/7160351 by guest on 11 M
ay 2023



prudent lifestyle to improve glycemic control in patients

with T2DM.

Furthermore, when screening for deficiency of

cobalamin in people with T2DM, it is important to

account for both metformin dose and duration. Based

on the findings, MUI appeared to be a valid assessment

tool that can be incorporated into vitamin B12 screening

for patients with T2DM who are receiving metformin

treatment.31 For example, an MUI >5 could serve as

the threshold concentration for vitamin B12 screening

in these patients.
Studies have demonstrated that poor cobalamin

status promotes oxidative stress and insulin resistance,

contributing to worsening glycemic control and other

T2DM outcomes.8,52–55 Because metformin dose and

duration are inversely associated with serum

vitamin B12 concentrations, lifestyle measures focusing

on physical activity and prudent dietary practices with

concurrent medication use are warranted for a synergis-

tic effect on glycemic control. Physical activity has been

associated with a decrease in glycated hemoglobin and

medication dosage.56–58 Individuals with T2DM should

aim for at least 150 minutes of moderate physical activ-

ity weekly, with resistance training 2 or 3 times per

week, according to the American College of Sports

Medicine and the American Diabetes Association.59

Diet-based recommendations for patients with dia-

betes include the consumption of fiber-rich foods

(eg, vegetables, fruits, whole grains, legumes), lean

meats, and low-fat dairy products, with a focus on foods

of low glycemic index or glycemic load.60,61 Often, pru-

dent dietary patterns such as the Mediterranean diet,

plant-based diets, and the Dietary Approaches to Stop

Hypertension, or DASH, diet are recommended to aid

in weight loss and improve blood glucose regulation

and insulin sensitivity.62–66 Although plant-based diets

are beneficial in the management of blood glucose, they

are severely deficient in vitamin B12.67 Therefore, vegans

who are receiving metformin therapy should be tested

for vitamin B12 status periodically. Vegans may also

benefit from consuming alternate sources of

vitamin B12, such as fortified foods, nutritional yeast,

fermented nondairy foods, and seaweed.

Limitations

The main limitation of the reserach is the lack of a gold

standard for the assessment of cobalamin status. As a

result, investigators have used various biomarkers of

cobalamin to define cobalamin status. The most com-

monly used marker is serum vitamin B12 concentration.

Serum vitamin B12 includes haptocorrin-bound

vitamin B12 and transcobalamin II–bound vitamin B12.

Haptocorrin-bound vitamin B12, an inactive form, con-

stitutes the majority of total serum cobalamin, whereas

transcobalamin II–bound vitamin B12, an active form

Figure 1 Metabolism of vitamin B12 and proposed mechanisms of metformin-induced vitamin B12 deficiency. The green arrow depicts
the vitamin B12 accumulation effect of metformin in the liver. The blunted red arrow represents metformin-associated inhibition of calcium-
dependent vitamin B12 uptake into the ileum. Abbreviations: B12, vitamin B12; Ca21, calcium ion; HC, haptocorrin; HCl, hydrochloric acid; IF,
intrinsic factor; PP, pancreatic proteases; Pro, protein; TCII, transcobalamin II.
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capable of delivering cobalamin to tissues, constitutes a

minor portion of total serum cobalamin. Because of
this, persons with low normal concentration of serum

vitamin B12 may have a tissue deficiency. Another
marker of vitamin B12 status is circulating tHcy.

Circulating tHcy concentration lacks specificity because
tHcy is elevated not only in vitamin B12 deficiency but

also in folate, riboflavin, and pyridoxine deficiencies.
Another marker of cobalamin status is serum MMA

concentration. Serum MMA level is also elevated in kid-
ney dysfunction. Perhaps the best marker of cobalamin

status is serum transcobalamin II, because it represents

the tissue-deliverable vitamin B12. However, it also lacks
specificity because, in kidney dysfunction, transcobala-

min II level is also elevated. Kidney dysfunction is a
common comorbidity associated with diabetes, so in

patients with diabetes, the cobalamin status may be
overestimated if transcobalamin II, MMA, or tHcy con-

centrations were used.
Another limitation of the research is the lack of

data on how much oral vitamin B12 and at what dosage
level of metformin should be increased in patients with

T2DM. Therefore, based on the current evidence, it is
not possible to recommend a very precise amount of

dietary vitamin B12 for those who are receiving metfor-

min therapy.

CONCLUSIONS

Evidence for the relationship between metformin use
and low serum vitamin B12 concentrations is relatively

strong. By and large, the data are somewhat consistent,
showing an inverse relationship between the dose and

duration of metformin use and serum cobalamin con-

centrations. The deficiency of vitamin B12 results in
anemia, hyperhomocysteinemia, elevated MMA level,

and nerve-related dysfunction, warranting periodic
screening for cobalamin deficiency in high-risk groups

such as vegans. Healthy lifestyles with medication to
improve glycemic control should be emphasized in

T2DM management. The potential of lifestyle
approaches in lowering metformin dose and improving

B12 status needs to be further explored.
T2DM mainly afflicts persons of middle age or

older. As individuals with T2DM age, the risk of devel-
oping suboptimal cobalamin status would also increase

because of decreased absorption of cobalamin from the

aging gut due to increased gastric atrophy resulting
from bacterial overgrowth. Therefore, more studies are

needed to establish the dietary vitamin B12 allowance
for each metformin dose.

There is sufficient evidence in the literature to rec-
ommend the use of the MUI as a tool for risk assess-

ment. Also, because of the lack of a gold standard for

the measurement of cobalamin nutritional status, clini-

cians should consider using the MUI as a marker of

cobalamin status when screening for cobalamin defi-

ciency in individuals with T2DM.
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