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Abstract
Metformin is commonly used oral hypoglycaemic agent in the treatment of type-2 Diabetes Mellitus (DM). One of the
important side effect of long term metformin therapy is malabsorption of vitamin B12 which could lead to megaloblastic
anemia and peripheral neuropathy. Therefore annual screening of serum vitamin B12 level or serum methylmalonic acid
(MMA)/serum homocysteine level should be done in cases taking metformin for more than four to five years with average
dose of >1g per day, even in the absence of haematological or neurological abnormalities. However, as the incidence of
type-2 DM is increasing, cost of annual measurement of vitamin B12 level also increases. Considering cost factor for annual
screening, vitamin B12 supplementation appears to be more cost effective approach rather than annual screening for
routine prophylaxis. Routine vitamin preparations available in the market may contain less amount of B12 and hence are
not of much therapeutic use in treatment of B12 deficiency due to Metformin. Hence there is a need to look for higher doses
of approximately 500-2000μg/day.
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1. Introduction

Metformin, a biguanide, is one of the commonly used
oral hypoglycaemic agent1. Metformin is the preferred
drug among type 2 diabetes patients, particularly those
with overweight and having normal kidney function2.
Various guidelines propose that in the absence of contraindications for metformin, it should be preferred drug
with concurrent lifestyle modifications while initiating
the therapy for type-2 DM2-4.
One of the risky side effect of biguanides is lactic
acidosis which can be overcome with judicious use of
metformin. Other side effects like abdominal distress
and diarrhoea5 appear within first few days’ of initiation of metformin but disappear after discontinuation of
metformin therapy. However, malabsorption of vitamin
B12 may not be easily diagnosed without close attention.
Various studies have reported that an average of 10-30 %
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of patients taking metformin for longer duration and at
higher dosage have shown vitamin B12 deficiency6-9.
Vitamin B12 level should be done among patients with
type 2 diabetes, especially those taking metformin therapy
for longer duration7. Clinical manifestations of vitamin
B12 deficiency include alteration in mental status, megaloblastic anemia and neurological damage7,10,11. However,
diabetic neuropathy can also present with symptoms
such as paresthesias, numbness and tingling in hands
and feet etc12. These symptoms could give rise to confusion between diagnosis of peripheral neuropathy due to
vitamin B12 deficiency and diabetic peripheral neuropathy10,11. The progression of neurological damage could be
managed by early detection of vitamin B12 deficiency and
with appropriate B12 supplementation13. However, this
vitamin B12 deficiency may lead to permanent neurological damage if it is misdiagnosed as diabetic neuropathy11.
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2. A
 bsorption and Deficiency of
Vitamin B12
The principal source of vitamin B12 includes liver, egg
yolk, meat, cheese etc. About 2/3 to 4/5 of body’s content
of vitamin B12 is stored in liver14,15. Vitamin B12 is absorbed
mainly in terminal ileum with the help of intrinsic factor secreted from parietal cells of stomach. Vitamin B12
can also be absorbed by the process of passive diffusion
in the small intestine which doesn’t require intrinsic
factor. However only about 1% of the vitamin B12 dose
is absorbed by passive diffusion. In other words, when
100μg of vitamin B12 is administered, approximately 1μg
is likely to be absorbed.
The various causes of vitamin B12 deficiency includes
nutritional deficiency, gastric mucosal damage, pernicious anaemia, drugs like metformin and Proton Pump
Inhibitors (PPIs) etc.

3. P
 hysiological Role of
Vitamin B12
Vitamin B12 is important in methylation of homocysteine to methionine and the conversion of methylmalonyl
coenzyme A (CoA) to succinyl-CoA. Methionine is then
converted into S-adenosyl-methionine which acts as
donator of methyl group to myelin, membrane phospholipids and to various neurotransmitters.

4. C
 linical Studies of Vitamin B12
Deficiency in Indian Population
In an Indian study conducted among 441 healthy middle
aged mens to assess the frequency of vitamin B12 deficiency,
defined by vitamin B12 concentrations <150 pmol/L was
observed among 67% of the study participants16. Vegetarian
diet was a significant factor associated with low vitamin B12
levels in this study on multivariate analysis.
In another cross sectional study among 175 healthy
elderly Indian subjects aged >60 years, vitamin B12 deficiency was observed among 16% of the study participants17.

5. M
 etformin Induced Vitamin
B12 Deficiency among Patients
with Type-2 DM
Despite being efficacious oral hypoglycaemic agent,
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metformin decreases vitamin B12 levels after prolonged
use of four to five years. Study conducted by DeFronzo et
al; has shown that metformin decreased the serum vitamin B12 levels by 22% and 29% in comparison to placebo
and glyburide respectively18.
Vitamin B12 malabsorption was observed in 30% of
patients taking long-term metformin therapy and low
serum levels of vitamin B12 were observed in about 20%
of cases having vitamin B12 malabsorption19. Vitamin B12
malabsorption and its levels may start declining as early
as the 4th month after initiating metformin therapy20.
However due to storage in liver, clinical symptoms of vitamin B12 deficiency may manifest after 5–10 years21.
Various mechanisms have been proposed to explain
vitamin B12 deficiency obse rved among patients with
type-2 DM taking metformin therapy which include:
changes in small intestinal motility which stimulates
bacterial overgrowth and consumption of B12 by bacteria, changes in Intrinsic Factor (IF) levels which could
adversely affect vitamin B12 absorption etc21. Metformin
may also inhibit the calcium dependent absorption of the
vitamin B12 and intrinsic factor complex at the terminal
ileum. This inhibitory effect could be reversed with calcium supplementation22.
Increase in metformin dose by 1g /day increases risk
of vitamin B12 deficiency by greater than two fold. Subjects
consuming metformin for more than ten to twelve year
and daily dosage ≥ 2g showed about a fourfold higher risk
of vitamin B12 deficiency compared to those with metformin use of less than four yr and daily dosage of ≤1g23.

6. S
 creening for Metformin
Induced Vitamin B12 Deficiency
Till date no published guidelines are there which recommends routine screening of vitamin B12 deficiency in
DM patients. However type 2 diabetic patients should
be screened for vitamin B12 deficiency prior to initiation
of metformin and later annually among elderly patients
especially those taking metformin for more than 4-5 years
and at higher doses of more than 2g/day24.
Serum vitamin B12 level should be the preliminary
screening step for diagnosis of vitamin B12 deficiency
among patients with type-2 DM. Concentrations <200
pg/ml are usually indicative of vitamin B12 deficiency
while concentrations >400 pg/ml substantiate absence of
vitamin B12 deficiency25.
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Measurement of serum MMA or homocysteine level
should be considered among type-2 diabetic patients
having borderline serum vitamin B12 level of 200- 400
pg/ml and subtle haematological manifestations. Serum
homocysteine and MMA concentrations of 5-15 μmol/l
and <0.28 μmol/l are considered within the normal range
respectively24,26.

7. D
 iagnosis of Metformin
Induced Vitamin B12 Deficiency
As metformin induced vitamin 12 deficiency produces
neuropathy which can be confused with diabetic neuropathy, careful history should be elicited for metformin
dose and duration of therapy. Further as suggested in
screening, serum vitamin B12 level or serum MMA/serum
homocysteine level should be done to establish proper
diagnosis of metformin induced vitamin B12 deficiency.

8. T
 reatment of Vitamin B12
Deficiency among Diabetic
Patients
Dosing pattern of vitamin B12 depends on cause of the
deficiency and the severity of the disease. Vitamin B12
should be given either by oral or parenteral route in case
of deficiency.27 Both oral and parenteral formulations can
produce comparable improvements in symptoms of vitamin B12 deficiency regardless of its aetiology28.
Viatmin B12 can be supplemented in various forms like
hydroxycobalamin, methylcobalamin and cyanocobalamin. However studies have shown that methylcobalamin
is better retained in the body in comparison to its cyanide
containing sibling, cyanocobalamin. Data from available
studies recommends doses of >100 μg/day of vitamin
B12 in alimentary causes and doses of 500–2000 μg/day
in disorders resulting from malabsorption of vitamin B12
for treatment and prophylaxis of vitamin B12 deficiency.
According to Cochrane Group review the efficacy of
orally administered vitamin B12 to treat deficiency with
initial doses of 1-2mg daily, then weekly, is confirmed and
is just as effective as parenteral administration. However,
in severe neurological disorders parenteral administration of vitamin B12 should be done for immediate effect29.
Coexisting deficiency of folic acid should be treated
with oral folic acid supplementation in doses of 5 mg
daily for 1–4 months. Folic acid should be administered
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after vitamin B12 supplementation only; otherwise it may
results into progression of the associated neurological
manifestations27.

9. Conclusion
It appears that vitamin B12 deficiency occurs commonly
among patients with type-2 diabetes taking metformin
therapy for longer duration and at higher dosage. This
emphasises routine screening of vitamin B12 level among
type-2 DM, especially those consuming metformin for
more than four to five years with average dose of more
than 1g/day, even in the absence of haematological and
neurological abnormalities.
However, considering increasing prevalence of diabetes and cost of laboratory investigation, it is uncertain
that such monitoring will be possible in all diabetic
patients. The amount of B12 available in general multivitamins preparations seen in the market may not be
enough to correct metformin induced vitamin B12 deficiency among those with diabetes. Hence vitamin B12
supplementation might be done in doses of >100 μg/
day in alimentary causes and doses of 500–2000 μg/day
in disorders resulting from malabsorption for the treatment and prophylaxis of vitamin B12 deficiency .Thus
routine supplementation of vitamin B12 given to patients
on long-term high dose metformin therapy seems to be
clinically more prudent and a cost-effective approach.
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