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a b s t r a c t
Diabetes is a global public health challenge that imposes heavy burdens on communities and individuals.
Metformin, the ﬁrst-line medication for diabetes, has the superiority of reducing risk of macrovascular
diseases, all-cause mortality and even possibly cancers. Recent observational studies, however, have
demonstrated that long-term metformin therapy increases the probability of vitamin B12 and folate deﬁciency, and might contribute to the progression of diabetic peripheral neuropathy. Despite metformin is
widely used and extensively studied, randomized controlled trials performed to explore the effects of
metformin on vitamin B12 and folate are limited. Besides, whether short-term treatment causes vitamin
deﬁciency is a pending issue. We postulate that even a few-month treatment with metformin results in
the decrease of vitamin B12 and folate. However, supplementation of vitamin B12 rather than the combination of vitamin B12 and folate might be proﬁtable based on the mechanism of metformin on vitamins
in patients with type 2 diabetes. This viewpoint differs from those of majority that a combined supplementation of vitamin B12 and folate is inclined to be advised.
Ó 2013 Elsevier Ltd. All rights reserved.

Introduction/background
The worldwide prevalence of diabetes has caused a tide of
research in the ﬁeld of diabetic medication and complications.
Metformin, an old medication, which is mainly beneﬁting from
the medicine itself and losing body weight it caused, has been
widely prescribed to patients with diabetes. Great interest has
been roused in recent years for the beneﬁcial effects of metformin
on reducing risks of cardiovascular diseases, all-cause mortality
and even probably cancers, which is attributed to its roles in regulating AMPK/mTOR pathway [1]. The established advantages and
safety of metformin have made it the ﬁrst-line treatment in patients with type 2 diabetes.
However, some studies have demonstrated that long-term use
of metformin combined with other antidiabetic agent increased
the risk of vitamin B12 and folate deﬁciency, and thus inﬂuenced
the homocysteine metabolism and contributed to the progression
of diabetic peripheral neuropathy [2]. But controversies remain
regarding the inﬂuence of metformin on folate. One clinical trial
from Netherland reported that metformin combined with insulin
lowered both folate and vitamin B12 levels, and simultaneously increased homocysteine concentration compared with insulin therapy alone [3]. But another cross-sectional study demonstrated
that patients treated with metformin had no signiﬁcant depletion
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of serum folate [4]. And still another trial showed that metformin
decreased folate levels, but after adjustment for body mass index
and smoking, the decrement turned out insigniﬁcant [5].
The proposed mechanism of metformin-related vitamin B12
deﬁciency might be its competitive inhibiting effect on vitamin
B12 absorption, altering enterokinesia, ileal morphological structure, bacterial ﬂora, the levels of intrinsic factor and the vitamin
B12-intrinsic factor complex [6]. Since both vitamin B12 and folate
participate in the metabolism of homocysteine through methylation pathway, we speculate that the decrease of folate levels might
be an indirect outcome of metformin acting on vitamin B12, which
seems to explain the inconsistent effects of metformin treatment
on folate in the clinical trials we mentioned before.
Homocysteine, an intermediate product of methionine converting to cysteine, is metabolized via the following pathways: (1)
remethylation, in which homocysteine obtains a methyl group
from 5-methytetrahydrofolate and turns back into methionine
with the help of coenzyme vitamin B12. (2) Transulphuration, in
which homocysteine forms cystathionine after serine molecule
attachment with the aid of vitamin B6. (3) Reconvertion, in this
process a part of homocysteine reconverts into S-adenosylhomocysteine (SAH) [7,8]. In the ﬁrst two pathways, folate, vitamin
B12 and vitamin B6 are indispensable for homocysteine metabolism, and supplementation of those vitamins can reduce the levels
of homocysteine.
Since 1969, McCully found homocysteine might have close
association with atherosclerosis [9]. After that, an increasing number of studies have explored the relations between homocysteine
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and cardiovascular disease, cerebrovascular disease and diabetes.
Quantitative studies showed that hyperhomocysteinemia was an
independent risk factor for arteriosclerotic vascular diseases. The
odds ratio (OR) for coronary artery disease of a 5 lmol/L homocysteine increment is 1.6 (95% conﬁdence interval [CI], 1.4–1.7) for
men and 1.8 (95% CI, 1.3–1.9) for women [10]. In patients with
established coronary heart diseases, a small gradient in the extent
of atherosclerosis was present with increasing of homocysteine
(r = 0.25, P < 0.05) [11]. Some other observational studies demonstrated that homocysteine was closely associated with the risk of
developing stroke, peripheral vascular disease, diabetes and its
complications. Minor to moderate hyperhomocysteine already
played a role in these chronic diseases and its level predicted mortality independent of age, gender and blood pressure [12,13].
Surprisingly, several large trials, such as the Western Norway Bvitamin intervention trial (WENBIT), the Norwegian vitamin (NORVIT) trial, the vitamin intervention for stroke prevention (VISP)
trial, the study of the effectiveness of additional reductions in cholesterol and homocysteine (SEARCH) and the women’s antioxidant
and folic acid cardiovascular study (WAFACS) suggested that vitamin B6 and/or combination of vitamin B12 and folate supplementation were invalid or even unfavorable for the prognosis of
cardiovascular and cerebrovascular diseases [14–18]. One potential explanation might be that the implementation of fortiﬁcation
of cereals with folate in some countries to reduce neonatal neural
tube defects has covered up the effect of B-vitamins supplementation. Another possible reason was that although homocysteine was
found related to cardiovascular and cerebrovascular diseases, it
might act merely as an accompaniment rather than a risk factor.
It has been suggested that SAH, the precursor of homocystiene,
might be a more sensitive indicator of cardiovascular disease. Vitamin supplement that reduces homocysteine concentration may
have no effect on SAH level. Thus, Vitamin B supplement therapy
aiming to improve homocysteine level is unlikely to be eligible in
preventing cardiovascular events.
Different from the above large clinical trials, Mashavi et al.
found that supplementation of vitamin B12, folate and vitamin
B6 improved small arterial elasticity in metformin treated diabetic
patients [19]. We speculate that the difference between these studies derives from the probability that metformin therapy might
lower vitamin B12 and the subsequent folate levels, so supplementation in that study with vitamin B12, folate and vitamin B6 resulted in positive effects. In contrast, patients enrolled in those
large clinical trials who were not treated with metformin did not
generally suffer from B-vitamins deﬁciency, therefore exhibited
no further beneﬁts.
The hypothesis
We noticed that limited studies conducted so far were mostly
concerning long-term treatment with metformin combined with
other antidiabetic therapies on B-vitamins. One clinical trial explored the adverse effect of six-week metformin therapy on serum
concentrations of vitamin B12, folate and homocysteine [20]. But
in this trial metformin was compared with rosiglitazone rather
than placebo or blank control, which made the conclusion that
short-term metformin decreased vitamin B12 levels assailable.
Whether short-term administration of metformin reduces vitamin
B12 as well as folate levels is yet uncertain. On this purpose, we
performed a pilot study exploring the effect of short-term metformin on serum vitamin B12 and folate concentrations. A total of 40
newly diagnosed type 2 diabetic patients were recruited and randomized into two groups. To minimize the interference of other
hypoglycemic medications on vitamin B12 and folate, two-week
continuous subcutaneous insulin infusion (CSII) was provided. Patients in Group One received treatment of metformin 0.5 g, three

times a day plus CSII, while the other group received CSII treatment
alone. Short-term intensive insulin regimen was similar in the two
groups that maintained for 2 weeks and then suspended. Patients
in Group One continued with metformin for a total of 3 months,
while those in Group Two maintained glycemic control with diet
and exercise alone after CSII suspension. As a result, we found that
three-month therapy of metformin had a trend of reducing vitamin
B12 and folate concentrations. But due to the small sample size of
patients enrolled, the changes were not statistically signiﬁcant.
Although some studies have showed that supplementation of
vitamin B12, folate and vitamin B6 were beneﬁcial in patients treated with metformin, the potential worry still exists on the basis of
series of large-scale studies we mentioned before that combination
treatment with vitamin B12, folate and/ or vitamin B6 brought no
further proﬁts. In the light of metformin pharmacological mechanism, we deduce that folate reduction might be the indirect outcomes of vitamin B12 deﬁciency. Under this circumstances, we
infer that supplementation of vitamin B12 alone is a better choice
than the combination therapy of vitamin B12 and folate.
In this context, we hypothesize that three-month treatment
with metformin reduces vitamin B12 and folate concentrations in
patients with type 2 diabetes. Supplementation of vitamin B12
alone rather than combination of vitamin B12 and folate might
be sufﬁcient to improve the disorders. Long-term treatment with
metformin probably contributes to the progression of diabetic
peripheral neuropathy, so early supplementation with vitamin
B12 is likely to be advantageous.
Discussion
This hypothesis provides the basis to detect the adverse effect of
metformin on vitamin B12 and folate levels. We ﬁnd that even
short-term treatment tends to reduce vitamin B12 and folate concentrations in patients with type 2 diabetes. For the best we know,
our pilot study ﬁrstly used 2-week CSII to well control glucose and
then suspended, which avoided the inﬂuence of other medication
to a great extent and made our postulation that 3-month metformin therapy could cause disadvantages more dependable. Following this, early supplementation of vitamin B12 and folate might be
appropriate. However, metformin directly inﬂuences the ingestion
and absorption of vitamin B12 and might indirectly act on folate
metabolism. Besides, folate is proven effective only in the prevention of neonatal neural tube defects and in the treatment of certain
diseases such as megaloblastic anemia. No further convinced
advantageous evidences were found for its supplementation. Thus
in our hypothesis, vitamin B12 monotherapy other than B-vitamins
combined therapy is thought to be sufﬁcient for those who are on
metformin treatment. This viewpoint differs from those of majority
that a combined supplementation of vitamin B12 and folate is inclined to be advised. Our postulation and the upcoming clinical
trial will contribute to the clinical treatment as well as the research
and development of compound medicines.
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