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ABSTRACT
Long-term usage of Metformin is associated with lower serum vitamin B12 levels. The lower than normal levels
could worsen neurological complications of diabetes, including diabetic neuropathy and poor cognition. Guidelines
advise periodic monitoring of vitamin B12 but do not specify frequency, treatment targets or treatment modality. This
commentary aims to review the prevalence and the severity of the presentation and to provide evidence-based answers
to those clinical questions not answered by current guidelines.
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INTRODUCTION
Metformin in type 2 diabetes patients
Metformin is used for the treatment of type 2 diabetes for
more than 60 years, and reports date starting of usage
since 1957.1 The medication has the most reliable
evidence base for long-term safety. Diabetes Canada
(DC), American Diabetes Association (ADA), National
Institute for Health and Care Excellence (NICE) and
Scottish Intercollegiate Guidelines Network (SIGN)
guidelines recommend the consideration of Metformin as
a first-line oral treatment for all type 2 diabetes patients.25
It is also recommended for type 2 diabetes prevention; it
should be especially considered in those with BMI ≥35
kg/m2, those aged <60 years, and women with prior
gestational diabetes mellitus. Treatment is also
recommended as a dual and triple therapy combined with
other types of type 2 diabetes medication to achieve
individually agreed targets. There is extensive research
evidence that supports the usage of metformin-based

combinations, and the progressive nature of type 2
diabetes puts a large cohort of patients on long-term
usage of Metformin. It is estimated that nearly 120
million patients are using Metformin for the treatment of
diabetes-related condition worldwide.4-7 Once initiated,
Metformin should continue if it is well-tolerated and not
contraindicated. 15% of type 2 diabetic patients do not
tolerate Metformin or have a contraindication for usage.
Vitamin B12
Vitamin B12 is a water-soluble vitamin which functions
as a co-factor for different intracellular enzymatic
reactions. It is crucial for DNA synthesis and amino-acids
and fatty acid metabolism. The reactions impact mainly
the functions of the nervous system and erythropoiesis.
Animals form the primary source of vitamin B12 in the
human diet. Absorption and transport of Vitamin B12 are
somewhat complicated. B12 is stored mainly in the liver
and to a lesser extent in the kidney. Stomach hydrochloric
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acid (HCL), Intrinsic factor and calcium are few of many
factors that could affect the multifaceted absorption
process.
Vegans, vegetarians and older adults are believed to be at
risk of vitamin B12 deficiency due to low intake or poor
absorption. Patients with stomach related conditions
including decreased gastric acid secretions, pernicious
anaemia or those patients with gastric surgery or chronic
h pylori infection are also at high risk. Pancreatitis,
Crohn’s disease and ileal resection may also lead to B12
deficiency. Metformin, proton pump inhibitors and H2
antagonists are associated with Vitamin B12 deficiency.
Metformin and vitamin B12 deficiency mechanism
Vitamin B12 deficiency secondary to long term
metformin usage was described in 1971, where 30% of
71 patients had B12 malabsorption. B12 malabsorption
was measured using a double isotope technique and was
deemed to be statistically significant. The test is
dependent on binding to the intrinsic factor of human
gastric juice. Of interest, B12 malabsorption reversed on
stoppage of Metformin for 28 days. Besides, Calcium
supplementation seems to reverse the impact.1,8 The
impact is dose dependant that tends to occur as early as
six weeks to 3 months period. Studies suggested that
Metformin at a dose higher than 1500 mg could be a
significant factor in vitamin B12 deficiency.
Prevalence and strength of association
Prevalence of B12 deficiency among patients using
Metformin treated patients varied from 5.8% to 52% in
different reports.11 Diabetic patients using long term
Metformin have an approximately 2-fold increased
incidence of Vitamin B12 deficiency.10,12,13 Receiving
Metformin for a few months can significantly lower B12
levels to borderline, and deficiency levels.
Table 1: Summary of associations.
Metformin dose
Time to vitamin B12
reduction
Percentage of reduction
Mean difference

Incidence
Prevalence

Higher than 1500mg
daily
6 weeks to 3 months
6% to 27%
-53.9, 95% CI -81.4 to 26.4 pmol/l, p <0.019
-65.8, 95% CI -78.1 to 53.6 pmol/l, p <0.0110
OR = 2.45, 95% CI 1.743.44, p <0.01
5.8% to 52%

Percentage of reduction varies from 6% to nearly 27%.
The effect seems to be progressive and to levels that may
require substitution, and the effect could be noticed in up
to half of the patients.14

Different systematic reviews examined the effect of
Metformin on vitamin B12 levels. Reviews concluded a
statistically significant overall mean reduction and
increasing incidence. Results were dose dependant and
happened less in patients who took multivitamins.9,15
(Table 1).
Vitamin B12 serology level for diagnosis of vitamin B12
deficiency
Serum B12 levels are considered an acceptable test for
diagnosis but levels <148 pmol/l (<200 pg/mL) miss
around 3-5% of deficient cases and <200 pmol/l (<271
pg/mL) diagnose all deficient cases but results in higher
false-positive results. Ranges between 150 and 220
pmol/l with no symptoms may suggest a subclinical form
for Vitamin B12 deficiency. Vitamin B12 level ≥148
pmol/l is suggested to have the sensitivity of 95-97%, but
specificity is not clear.16 In a literature review, 37% of
authors agreed on using values between 148 pmol/l and
150 pmol/l for prevalence studies.17,18,11
Pregnancy is associated with lower levels and falsenegative results. On the other hand, leukaemia, some
cancers, and impaired renal functions may result in
higher values (Table 2).
Table 2: Serum vitamin B12 levels for diagnosis
of deficiency.
Serum vitamin
B12 levels
<148 pmol/l
(<200 pg/mL)
<200 pmol/l
(<271 pg/mL)

Sensitivity
95-97%
100%

Impact
Misses out on 3-5%
of B12 defciency
Increase number of
false positive

Pregnancy is associated with lower levels
Leukaemia, cancer, impaired renal functions are associated with
others.

Vitamin B12 toxicity has not established, and there are no
scientific reports of vitamin B12 overdose. The diabetic
population is at a higher risk of deficiency and is more
prone to neurological complications. Clinicians may
safely elect to diagnose and treat to higher thresholds in
view of the absence of reported harm.
Limitations of B12 levels as a serological marker for
B12 deficiency
In many cases, symptoms, and signs of Vitamin B12
deficiency do not correlate with serum vitamin B12
serum levels. It is not clear if the serological values
genuinely reflect the real B12 metabolic status and the
real impact of the malabsorption on the patient’s
physiological condition. While there is a near consensus
on the cut-off levels for diagnosis of Vitamin B12
deficiency, less than 20% of patients with low vitamin
B12 level have macrocytic anaemia and many patients
are asymptomatic despite pathologically low vitamin B12
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serum levels. However, different reports suggested
improvement of neurological symptoms with Vitamin
B12 supplements despite normal baseline B12 levels.19,20
While testing for more specific serum biomarkers like
methylmalonic acid and total homocysteine levels may
provide more concrete answers, mostly those are not
available to primary care providers. A practical approach
might be to suspect Vitamin B12 deficiency in patients
with anaemia, raised MCV and / or characteristic
symptoms (e.g. diabetic neuropathy, or poor cognition).
Physicians may consider testing in all patients who have
either risk factors or symptoms.
Because of the mismatch between clinical presentation
and serological values, few researchers suggested age and
gender-specific cut-off diagnostic value.
CLINICAL IMPACT IN DIABETIC POPULATION
Vitamin B12 deficiency causes anaemia related
symptoms, psychiatric and neurological symptoms.
Anaemia symptoms may include fatigue, palpitations,
pallor, while neurologic symptoms include paraesthesia
in hands and feet, muscle cramps, dizziness, cognitive
disturbances, ataxia, and erectile dysfunction. Anaemia
presentation may lag behind serum B12 levels and are not
specific to the diabetic population.
Diabetic neuropathy
Diabetic neuropathy is a common and well-recognised
microvascular complication of diabetes mellitus that
associated with a higher mortality rate and poor
prognosis. It could be asymptomatic, and Vitamin B12
deficiency might worsen the recognised complications,
including foot ulcer and amputation.21
Multiple cross-sectional studies suggested that Metformin
usage has a linear correlation with diabetic neuropathy.2225
Conversely, many reported no association with
metformin usage and diabetic neuropathy despite the
confirmed association with low serum vitamin B12.26-28
Most studies had a low number of participants and used
different methods to diagnose diabetic neuropathy. The
diagnosis of diabetic neuropathy faces its challenge as the
symptoms and signs of diabetic neuropathy are subjective
and non-specific most of the time. Moreover, the
validated measures of small nerve fibre neuropathy are
not readily available in most of the community and
clinical settings.21
A systematic review in 2005 concluded that B12
supplements improved somatic symptoms in diabetic
patients with diabetic neuropathy, including pain and
paraphasia. The improvement was noted to a lesser extent
with
respect
to
vibration
perception
and
electrophysiological studies.19

However, another systematic review in 2016 concluded
that vitamin B12 supplementation resulted in no
improvement of clinical symptoms in patients with
diabetes. It is worth mentioning that both have noted the
small number of participants and poor quality for some
studies.29 Screening for diabetic neuropathy is part of
routine biannual diabetes care, and physicians should
consider screening for vitamin B12 in those patients with
symptoms to treat and prevent irreversible damage.
Given the above, more high-quality research with larger
samples is required to conclude the clinical impact of low
vitamin B12 level and to examine the impact of
supplementation on patients’ symptoms in this vulnerable
population especially in those with Vitamin B12
deficiency or symptomatic patients with a normal vitamin
B12 level. The practice of Vitamin B12 prophylaxis in
the absence of B12 deficiency or symptoms seems to be
lacking any evidence to support it.
Cognitive impairment
The diabetic population is at higher risk of cognitive
decline, and the rate of decline seems to be higher
compared to non-diabetic population.30 Besides, patients
with diabetes are at higher risk of developing
Alzheimer’s and vascular dementia.31
The association of Vitamin B12 deficiency with cognitive
decline was always debatable because of the considerable
variation in the results of clinical studies. Of note, the
usage of biomarkers with adequate specificity for
Vitamin B12 deficiency such as holoTC and/or
methylmalonic acid had consistent results.32 Similarly,
higher homocysteine (Hcy) levels have been identified as
a modifiable risk factor associated with cognition and
dementia. Higher homocysteine is noted in patients with
Vitamin B12 deficiency status.33
Early
systematic
review
for
Vitamin
B12
supplementation in elderly and demented people
concluded insufficient evidence to justify its use.34 While
there was an improvement noted, it was not statistically
significant. It is worth mentioning that the follow-up
period in the studies included was as short as three
months, and the intervention was not targeted at a
population with low vitamin B12 levels.
Another systematic review noted no obvious evidence of
a difference between placebo and vitamin B12
supplements in adults with mild cognitive impairment. Of
note, the systematic review included only one RCT with
75 participants.35 Also, the review was not specific to
diabetic patients and has not targeted patients with
vitamin B12 deficiency.
On subgroup analysis of patients with higher than the
median of the serum homocysteine levels and possible
vitamin B12 deficiency, it was noted that vitamin B12
supplementation reduced brain atrophy and had a
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beneficial impact on episodic memory in elderly people.36
Similarly, long-term use of a combination of folic acid
and vitamin B12 appeared to improve the cognitive
function of healthy older people with high homocysteine
levels.37 Both imply the benefit of treatment in case of
Vitamin B12 deficiency, but not in population with
normal Vitamin B12 status.

The diabetic population are more prone to many of the
neurological
complications,
including
diabetic
neuropathy and poor cognition. Vitamin B12 is implied
in both, and deficiency may worsen the presentations or
at least hinders recovery. Periodic testing, preferably
once to twice annually, is recommended in this high-risk
population.

TREATMENT

Vitamin B12 supplements seem to help with signs and
symptoms of diabetic neuropathy and may delay the
cognitive decline in patients with B12 deficiency. Thus,
identifying patients with Vitamin B12 deficiency, along
with early interventions, is crucial.

Two systematic reviews compared oral vitamin B12
replacement regimes to the parenteral form and reported
similar results. The later was specific to patients with
malabsorption conditions, including patients with
pernicious anaemia, gastrectomy, inflammatory bowel
disease and others. Both reviews concluded that oral
vitamin B12 is an effective alternative to the parenteral
form with favourable side effects profile.
A daily dose of 1mg was adequate to normalise vitamin
B12 serum levels and cure clinical manifestation related
to the deficiency in the healthy population as well as in
patients with GI disorders.38 Also, the Oral form of
treatment fewer contraindications, as well as lower,
cost.39 Both systematic reviews noted that the quality of
evidence available is of low quality, and many trials have
focused on serum levels rather than outcomes.
Parenteral Vitamin B12 may be considered in patients
who are symptomatic or show an inadequate response to
oral treatment. Most guidance recommends an initial dose
of 1 mg intramuscularly on alternate days for two weeks
and then once every other month.16
CURRENT GUIDANCE ON B12 MEASUREMENTS
IN
TYPE
2
DIABETIC
PATIENTS
ON
METFORMIN
Diabetes Canada and ADA guidelines highlighted that
the long-term use of Metformin might be associated with
low B12 biochemical levels. They advise periodic
measurement in those who are using Metformin. The
guidance highlighted those who suffer from anaemia and
diabetic neuropathy as a high-risk group. There is no
clear definition of the cut-off levels, the frequency of
testing or modality of treatment.24 NICE and SIGN have
not addressed the issue in their guidance for the treatment
of diabetes.3,5
KNOWLEDGE AND INSIGHTS
The incidence of vitamin B12 deficiency increase to a
near two folds and the prevalence could be as high as
50% among the diabetic population on long term
metformin. The association is a dose and duration
dependant and, in many cases, reversible which suggest a
causality. In most of the cases, the impact is a drop to low
normal levels. However, it could cause a deficiency.

Normal levels of vitamin B12 <148 pmol/l (<200 pg per
mL) could miss up to 5% of Vitamin B12 deficiency. It
could be argued to treat up to levels of B12 >200 pmol/l
(<271 pg/mL) in the diabetic population. The population
is at higher risk of deficiency and more prone to
neurologic symptoms, including diabetic neuropathy and
cognitive decline. Recurrence may justify treatment with
Vitamin B12 supplements if the patient continues
Metformin.
Oral vitamin B12 tablets at a dose of 1 mg / daily seem to
be as effective as intramuscular treatment and have better
safety and economic profile. Parenteral vitamin B12
injections should be reserved for patients who are
symptomatic or with poor compliance. Patients on long
term metformin with recurrent low vitamin B12 levels
might benefit from lifelong prophylaxis.
The quality of evidence for treating Vitamin B12
deficiency in diabetic patients on long-term Metformin
population is of low quality, and many trials have focused
only on serum levels. Future research trials should focus
on the quality of the design as well as measuring clinical
outcomes, quality of life and adverse events. Primary care
seems to be the most appropriate settings to conduct such
trials.
CONCLUSION
Metformin dose of >1500 mg daily for 6 weeks or longer
might be associated with lower vitamin B12 levels. The
decline happens in up to 50% of patients and could be as
high as 25% decline. In view of the above, Diabetic
patients on long term metformin should have vitamin B12
checked at least annually. Diabetic patients might benefit
from high diagnostic and treatment targets of levels of
B12>200 pmol/l (<271 pg/mL) with no to little harm.
Treatment with vitamin B12 tablets at a dose of
1mg/daily is as effective as a parenteral form. The quality
of evidence is low, and future trials should focus on
measuring clinical outcomes.
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