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Beyond Diabetes Management:
Unraveling Metformin’s Long-Term

Effects on Vitamin B12

Introduction

The use of metformin has been associated with
potential vitamin B12 malabsorption and deficiency,
which can exacerbate distal symmetrical, autonomic,
and cardiac neuropathy in diabetic patients. Numerous
observational studies and meta-analyses have high-
lighted a significant association between metformin
use and vitamin B12 deficiency [1, 2]. Prolonged and
high-dose metformin treatment has been shown to
have an inverse relationship with vitamin B12 levels
[3]. Patients undergoing metformin treatment exhibit
reduced B12 absorption, resulting in decreased serum
total vitamin B12 and transcobalamin Il (TCII-B12 lev-
els). This outcome is attributed to a calcium-dependent
ileal membrane antagonism, which can be counter-
acted through calcium supplementation [4]. Based on
these findings, it is highly recommended that individu-
als using metformin, especially vegetarians, given the
scarcity of Vitamin B12 in plant based diets [5], and
those undergoing treatment for over 5 years, undergo
routine monitoring of their vitamin B12 levels. This
precaution is essential because prolonged metformin
use may deplete hepatic vitamin B12 reserves [1].
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Mechanism of long-term metformin-
-induced vitamin B12 deficiency

The precise mechanism by which metformin in-
duces vitamin B12 deficiency remains incompletely
understood. However, a plausible explanation re-
volves around metformin’s potential interference
with calcium-dependent membrane functions in the
terminal ileum, where vitamin B12-intrinsic factor
absorption takes place. This absorption process relies
on the calcium-dependent uptake of the B12-intrinsic
factor complex by ileal cell membrane receptors, and
metformin has shown the ability to affect calcium-
dependent membrane functions. One of the clearest
mechanisms for reversing metformin-induced B12
deficiency involves the calcium administration. The
uptake of the vitamin B12-intrinsic factor complex by
ileal cell surface receptors naturally relies on luminal
calcium concentration to facilitate this vital process.
Metformin is thought to introduce a positive charge to
the membrane’s surface, possibly displacing divalent
cations such as calcium. This disturbance in calcium
availability, attributed to metformin’s activity, conse-
guently disrupts the calcium-dependent mechanism
responsible for vitamin B12 absorption [6].

Initial clinical observations suggested the presence
of vitamin B12 malabsorption in individuals receiving
prolonged metformin therapy (Fig. 1) [7]. Subsequent
investigations have confirmed these observations by
demonstrating that metformin can lead to a significant
reduction in serum vitamin B12 levels, ranging from
14% to 30%. Notably, patients displaying vitamin B12
deficiency tend to have a lengthier history of metformin
usage (>4 years) and were prescribed higher daily doses

This article is available in open access under Creative Common Attribution-Non-Commercial-No Derivatives 4.0 International (CC BY-NC-ND 4.0) license, allowing to download
articles and share them with others as long as they credit the authors and the publisher, but without permission to change them in any way or use them commercially.

279


https://doi.org/10.5603/cd.97473
https://orcid.org/0009-0006-1253-6103
https://orcid.org/0000-0002-3554-1750
https://orcid.org/0009-0001-7553-4790
https://orcid.org/0000-0003-0200-7882

Clinical Diabetology 2023, Vol. 12, No 5

Healthy

Small
intestine
Large
intestine

Rectum

Anus

Pancreas

Stomach

1 intestine

Long-term Metformin Users

.,/. = -ﬁr‘\‘
Normally, B12 is
absorbed here, but [~
metformin can v Y

1= Inhibiting
I Met

2/ | G
Smal 'ormin absorption |;’jl J

Large
intestine

Anus

Figure 1. Absorption of Vitamin B12 in Healthy Individuals and Long-Term Metformin Users
In long-term metformin users, metformin induces a wall like structure which blocks the absorption of Vitamin B12 from foods

of metformin (> 1000 mg) compared to non-deficient
patients [8].

From a clinical standpoint, vitamin B12 deficiency
can present as changes in mental function, megalo-
blastic anemia, and neurological impairments. Notably,
the symptoms of diabetic neuropathy, including par-
esthesias and compromised vibration sensation and
proprioception, may overlap with those of peripheral
neuropathy resulting from vitamin B12 deficiency.
Consequently, peripheral neuropathy due to vitamin
B12 deficiency can be mistaken for diabetic peripheral
neuropathy or potentially exacerbate its symptoms.
Timely identification and intervention through co-
balamin supplementation can halt the progression
of neurological damage associated with vitamin B12
deficiency. However, when misdiagnosed as diabetic
neuropathy, this condition may lead to irreversible neu-
rological impairments. It is worth noting that factors
such as the daily dosage of metformin and the duration
of treatment consistently emerged as significant risk
factors for vitamin B12 deficiency [9].

Vitamin B12 deficiency can result in a diverse array
of symptoms encompassing neurological manifestations
such as tingling and numbness in the extremities, difficul-
ties in maintaining balance, cognitive distress, including
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depression, confusion, dementia, compromised memory,
as well as discomfort in the mouth or tongue. Additional
indications might include fatigue, muscular weakness,
constipation, diminished appetite, and weight loss [10].
Importantly, the symptoms associated with vitamin B12
deficiency tend to be broad and nonspecific, possibly not
correlating with anemia or an elevated mean corpuscular
volume [11]. It is noteworthy that these manifestations
of vitamin B12 deficiency hold the potential for reversal
with vitamin B12 supplementation [9, 11].

Left untreated, vitamin B12 deficiency can lead to
severe and irreversible neurological impairment (Fig.
2), including peripheral neuropathy, cognitive decline,
dementia, and psychiatric conditions like depression
[12]. Additionally, vitamin B12 deficiency can result
in hematologic anomalies, including the development
of megaloblastic anemia [13]. In infants, neglecting
vitamin B12 deficiency can contribute to developmental
setbacks, movement irregularities, and failure to thrive.
Importantly, symptoms associated with vitamin B12
deficiency have the potential to be reversed through
the administration of vitamin B12 supplements [14,
15]. Therefore, a prompt diagnosis and effective
management of vitamin B12 deficiency are of utmost
importance in preventing prolonged complications.
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Figure 2. Exploring the Link: Long-term Metformin-Induced Vitamin B12 Deficiency

In summary, the link between metformin use and
vitamin B12 deficiency, with potential implication for
neuropathy and overall health, is a significant concern.
Prolonged metformin therapy primarily impacts vitamin
B12 levels by interfering with calcium-dependent pro-
cesses in the ileal membrane. Calcium supplementation
may potentially alleviate this issue. Clinical observations
have indicated that a significant proportion of individu-
als on long-term metformin treatment may experience
vitamin B12 deficiency, especially those with extended
treatment durations and higher daily doses. Vitamin
B12 deficiency can present with various neurological
and general symptoms, sometimes resembling dia-
betic neuropathy. This underscores the importance of

timely detection and intervention to prevent permanent
neurological damage. It is important to note that the
symptoms associated with vitamin B12 deficiency are
multifaceted and non-specific, which can complicate
diagnosis. Nevertheless, appropriate vitamin B12 sup-
plementation typically leads to the reversal of these
symptoms. Given these insights, it is highly advisable to
regularly monitor vitamin B12 levels in all metformin us-
ers, particularly vegetarians, and those undergoing treat-
ment for more than five years. This proactive approach
can help prevent the depletion of hepatic vitamin B12
stores and mitigate potential long-term complications.

Clinicians must maintain a high level of aware-
ness since vitamin B12 deficiency can manifest with
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symptoms similar to diabetic neuropathy, emphasizing
the importance of timely diagnosis and intervention.
Additionally, factors including the daily metformin
dosage and treatment duration significantly contribute
to the risk of deficiency. The symptoms of vitamin B12
deficiency are wide-ranging, spanning neurological,
cognitive, and physical aspects, all of which can be al-
leviated through cobalamin supplementation. Failure
to promptly diagnose and treat this deficiency can
result in severe and irreversible neurological damage,
hematological irregularities, and developmental prob-
lems in infants.

Further research is imperative for a comprehen-
sive understanding of the precise mechanism through
which metformin hinders vitamin B12 absorption, pro-
viding insights for tailored interventions. Investigations
should also focus on determining the optimal and cost-
effective frequency for monitoring vitamin B12 levels
in metformin users. Furthermore, researchers ought to
explore genetic and dietary variables that may make
individuals more susceptible to metformin-induced
B12 deficiency, facilitating the creation of personal-
ized preventative approaches. Equally important is the
development of standardized treatment guidelines for
addressing vitamin B12 deficiency in metformin users,
considering the appropriate dosage and duration of
supplementation.
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