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Abstract

Due to its increased incidence and related Keywords: Diabetes mellitus type 2, Metformin
complications, T2DM (Type 2 diabetes mellitus) is therapy, Vitamin B12, Management, and treatment
becoming an issue of public health concern. This
narrative review elucidates association between
metformin therapy in T2DM and cobalamin (Vit. B12)
deficiency. According to various studies, diabetic
patients receiving metformin medication had a higher
risk of Vit. B12 (vitamin B12) deficiency than those
T2DM patients not receiving metformin therapy,
ranging from 14% to 22.4% in those taking
metformin and from 6% to 10% in those not
taking metformin. Odds ratios for Vit. B12 deficiency
associated with using metformin ranged from 2.2t0 2.7,
indicating a moderate to high risk. The management
of Vit. B12 deficiency in T2DM involves a combination
of accurate diagnosis, appropriate supplementation
strategies, patient education, and interdisciplinary
collaboration. Consensus and guidelines recom-
mend routine monitoring of serum vitamin B12 lev-
els, high-dose oral supplementation, intramuscular
injections for severe deficiency, and consideration of
alternative routes of administration, along with lifestyle
modifications.
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Introduction

1. Type 2 diabetes mellitus:

T2DM (Type 2 Diabetes Mellitus), a metabolic condition,
is caused by decreased insulin secretion and/or insulin
resistance. Due to its increasing prevalence and related
complications, it is becoming a serious public health
issue.

Global Prevalence: T2DM has reached epidemic
proportions globally, posing substantial challenges to
healthcare systems worldwide. According to recent data
from 2022-2023, the global prevalence of T2DM continues
to increase. According to the International Diabetes
Federation (IDF), T2DM accounts for about 90% to 95% of
cases of diabetes and affects 463 million persons globally
between the ages of 20 and 79. This indicates a substantial
increase over earlier projections and emphasises the urgent
requirement for efficient preventative and management
solutions (1, 2).

Prevalence in Qatar: Qatar, a rapidly developing country
in the Arabian Gulf region, has witnessed a dramatic rise
in T2DM prevalence over the past years. Qatar’s high
socioeconomic status, sedentary lifestyles, and changing
dietary habits might have contributed to the increased
prevalence of T2DM. Recent data from 2022-2023
indicates that T2DM remains a pressing health concern
in Qatar (3).

According to the Qatar National Diabetes Registry
(QNDR), the diabetes prevalence in Qatar was estimated
to be 16.7% among persons aged 20-79. Furthermore,
most diabetes cases in Qatar were attributed to T2DM.
The QNDR also highlights the increased risk of diabetes
among Qatari nationals compared to expatriate residents,
emphasizing the need for targeted interventions within the
local population (4).

T2DM represents a global health challenge, with its
prevalence continuing to rise worldwide, including in
Qatar. The alarming rates of T2DM in Qatar require
immediate action from healthcare policymakers, public
health professionals, and researchers to implement
comprehensive prevention and management strategies.
Given the significant burden T2DM imposes on individuals,
families, and healthcare systems, it is crucial to prioritize
early detection, lifestyle interventions, and access to quality
healthcare services to mitigate the impact of this chronic
disease (5). Future research must focus on monitoring
and evaluating the effectiveness of interventions to reduce
T2DM prevalence and associated complications in both
global and Qatar-specific contexts.

2. Recent Advances in the Management of Type 2
Diabetes Mellitus:

Significant improvements in T2DM management have
been made over time, with an emphasis on glycaemic
control, avoiding complications, and raising the general
quality of life for those who have the condition. Precision
medicine is now possible in managing T2DM due to

recent developments in genomics and molecular biology.
The identification of genetic variants associated with
T2DM susceptibility and treatment response has enabled
personalized approaches. Tailoring treatment plans based
on an individual’'s genetic profile, metabolic characteristics,
and lifestyle factors allows for more effective and targeted
interventions (6).

There are now more choices for treating T2DM because of
the emergence of novel types of glucose-lowering drugs.
GLP-1 RA (Glucagon-like peptide-1 receptor agonist) and
SGLT-2 (sodium-glucose cotransporter-2) inhibitors have
demonstrated exceptional effectiveness in improving
glycemic management and lowering cardiovascular and
renal consequences. These substances not only lower
blood glucose levels but also provide other advantages
like enhanced cardiovascular outcomes, weight loss, and
lowered blood pressure (7).

The integration of artificial intelligence (Al) and digital
health technologies has the potential to revolutionize
T2DM management (8). Al-based algorithms can analyse
large datasets, including electronic health records and
wearable device data, to generate personalized treatment
recommendations and predict individual responses to
therapies (9). Mobile applications and wearable devices
provide facilities for monitoring the levels of glucose in the
blood real-time. They also encourage increased physical
activity,andtochangedietary patterns,empowering patients
to actively participate in self-management and enabling
healthcare providers to deliver personalized care (10).

For obese people with T2DM, bariatric surgery can
be a successful therapy option. Recent research has
demonstrated that sleeve gastrectomy and the Roux-en-
Y surgical procedures not only cause significant weight
reduction but also create significant and long-lasting
improvements in glycaemic control and diabetes remission
(11). Bariatric surgery should be considered for carefully
chosen T2DM patients who meet certain requirements (12).

However, more investigations are required to confirm
the efficacy, safety, and affordability of these therapies.
Accepting these developments in clinical practise has the
potential to revolutionise T2DM management, resulting in
improved outcomes and a higher quality and better life for
people with this condition.

3. Metformin in the Management of Type 2 Diabetes
Mellitus:

Metformin is an oral drug that is widely prescribed and is
essential in the treatment of T2DM. Metformin has several
advantages as a first-line medication, including its ability
to decrease blood sugar, good safety profile, and potential
cardiovascular advantages. The purpose of this summary
is to clarify the mechanism of action, ideal dosage, and
most recent consensus treatment recommendations for
metformin monotherapy in T2DM (6).

Modalities of action: Multiple pathways are used
by metformin to produce its therapeutic benefits.
Gluconeogenesis and glycogenolysis are mostly inhibited,
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which lowers hepatic glucose synthesis. Metformin also
improves skeletal muscle glucose absorptionand utilisation,
which increases peripheral insulin sensitivity. Additionally,
it prevents the absorption of intestinal glucose and, albeit
little, encourages weight loss. These combined efforts
help people with T2DM have better glycemic control (7).

Optimal Dosage: Based on the characteristics and
tolerance of the patient, the dosage of metformin should
be adjusted. Initially, 500 mg or 850 mg should be taken
orally once or twice daily with meals. Up to a daily dose
of 2,000-2,550 mg, the dose can be gradually increased
every 1-2 weeks based on glycemic response and
tolerability. It is possible to use once-daily dosage with
extended-release formulations, which may increase
gastrointestinal tolerability (7).

Latest consensus management recommendations:
Guidelines for the management and treatment of
hyperglycemia in T2DM were developed jointly by the
ADA (American Diabetes Association) and the EASD
(European Association for the Study of Diabetes).
The 2022 ADA/EASD guidelines state that metformin
monotherapy, excluding contraindications or intolerance,
continues to be the front-line pharmaceutical treatment
for most people with T2DM. The guidelines recommend
initiating metformin at the time of diagnosis alongside
lifestyle modifications and maintaining treatment unless
contraindications or intolerance develop (13).

Furthermore, the guidelines emphasize the importance
of individualizing treatment targets and incorporating
shared decision-making with patients. They recommend
considering metformin continuation even when additional
glucose-lowering medications are required to achieve
glycaemic control. In certain cases, such as when
metformin is contraindicated or not tolerated, alternative
therapies may be initiated as the initial pharmacological
treatment.

4. Adverse effects of metformin:

Metformin is frequently used for the management and
treatment of T2DM, and the drug has a generally positive
safety profile and is well tolerated. However, metformin
has certain drawbacks as well.

Effects on the Gastrointestinal Tract: The
gastrointestinal tract is where metformin side effects are
most frequently observed. Diarrhoea, nausea, vomiting,
and abdominal discomfort are a few of them. According to
clinical research, gastrointestinal side effects might occur
somewhere between 5% and 30% of the time (14, 15).
However, most of these side effects are minor and brief
and go away on their own or after a dose modification.

Vitamin B12 Deficiency: Metformin use has been linked to
a possible risk of Vit. B12 insufficiency. Metformin therapy
for longer duration has been shown in investigations to
potentially lower Vit. B12 and increase the prevalence of
Vit. B12 insufficiency (15, 16). It is advised to regularly
check vitamin B12 levels and think about prescribing

supplements, most importantly in people who are at the
risk of insufficiency, such as those in the geriatric age or
those who have malabsorption problems (17).

Lactic Acidosis: This can be a rare but dangerous side
effect while using metformin. It is important to remember
that lactic acidosis associated with metformin-usage is
extremely uncommon, with just 3 occurrences being
documented per 100,000 patient years (18). People
who have comorbidities or illnesses that predispose
them to metabolic abnormalities, renal impairment, or
acute sickness are more likely to develop lactic acidosis.
When receiving the proper dosage, people with normal
renal function run a very minimal risk of developing lactic
acidosis (19).

Other Adverse Effects: Less commonly reported adverse
effects of metformin include metallic taste, rash, reduced
absorption of vitamin B12, and, rarely, hepatotoxicity.
However, the occurrence of these adverse effects is
infrequent, and the overall safety profile of metformin is
favourable.

Overall, the benefits of metformin in achieving glycaemic
control and in reducing the complications associated with
T2DM far outweigh the potential adverse effects. The
safety profile and metformin effectiveness in people with
T2DM can be enhanced by regular monitoring, specific
patient assessment, and appropriate dose adjustments.

5. Vitamin B12 — Biological functions and ADME:
Cobalamin, sometimes referred to as vitamin B-12, is
important for several vital biological processes that occur
in the human body. The production of DNA, RNA, and
proteins, which are necessary for healthy cell division
and growth, depends on Vit. B12. Furthermore, it also
contributes in the development and maintenance of
myelin sheaths, which safeguard nerve cells and support
healthy brain activity. Additionally, it is involved in red
blood cell formation, fatty acid metabolism, and amino
acid metabolism (20).

The small intestine is where vitamin B-12 is largely
absorbed. For effective absorption, an intrinsic factor
released by the parietal cells in the gastric mucosa is
needed. After being absorbed, Vit. B12is carried to different
tissues and organs via transcobalamin Il, a transport
protein that it interacts with. Vitamin B-12 is metabolised
and transformed within the tissues into its active forms,
methylcobalamin and adenosylcobalamin. A big part of
storing vitamin B-12 for later use is the liver. Extra vitamin
B-12 is removed through faeces and bile (20).

Role of Vitamin B12 in diabetic patients: In accordance
with several studies, people living with diabetes have an
increased risk of Vit. B12 insufficiency, than people without
the disease (21, 22). Although the underlying causes of this
connection are not entirely understood, they may include
things like changed absorption, compromised transport
proteins, and usage of the diabetes drug metformin.
Diabetes patients with Vit. B12 deficiencies have an
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increased probability of developing diabetic neuropathy,
retinopathy, and cardiovascular problems.

Vitamin B12 insufficiency has been linked in clinical
research to diabetic neuropathy, a common consequence
of diabetes characterised by nerve damage. Due to the
vitamin’s significance in the production of myelin and the
operation of the nervous system, Vit. B12 deficiency may
contribute to the onset and progression of neuropathy.
In a study involving diabetic patients with peripheral
neuropathy, vitamin B12 supplementation improved nerve
conduction velocity and neuropathic symptoms (21).

Diabetes-related vitamin B12 insufficiency has also been
associated with increased risk of cardiovascular problems.
In those with T2DM, Sato Y et al. showed that Vit. B12
treatment decreased cardiovascular risk factors such as
homocysteine levels (22).

To effectively control diabetes and its consequences, Vit.
B12 is essential. The incidence of Vit. B12 insufficiency
in diabetic patients and its possible impact on diabetic
neuropathy and cardiovascular consequences have
been noted in clinical research. The consequences of
Vit. B12 supplementation on neuropathic symptoms and
risk markers of the cardiovascular system, have been
encouraging. To better understand the mechanisms
driving vitamin B12 insufficiency in diabetes and to identify
the best preventative and care practises, more study is
required.

Clinicians canoptimise diabetes managementandenhance
patient outcomes by understanding of the importance of
Vit. B12 in diabetes and its potential implications. Future
research should concentrate on extensive clinical trials
to determine the best vitamin B12 dosage, duration,
and timing for diabetic patients and assess its long-term
benefits on problems associated with diabetes.

6. General causes of Vitamin B12 deficiency in type 2
diabetes mellitus:

In comparison to the general population, Vit. B12 deficiency
appears to be more prevalent in those with T2DM. The
use of metformin, changed stomach physiology, and
poor dietary practises are some of the many factors that
contribute to vitamin B12 insufficiency in T2DM.

Utilisation of metformin: Vitamin B12 insufficiency has
been linked to metformin, the first-line treatment for T2DM.
Various research has found that taking metformin will
decrease the absorption of Vit. B12 in the gut and hinders
B12 transport through the intestinal epithelium. Long-term
metformin medication, particularly at high doses, may
cause a gradual drop in vitamin B12 levels (23).

Altered gastric physiology: Individuals with T2DM often
exhibit changes in gastric physiology, such as delayed
gastric emptying and reduced gastric acid secretion. These
alterations can disrupt the normal release of vitamin B12
from food sources and impair its subsequent absorption.
Additionally, reduced production of intrinsic factor, a

protein necessary for B12 absorption in the ileum, can
further contribute to vitamin B12 deficiency in T2DM (24).
Dietary factors: Poor dietary intake of vitamin B12-rich
foods is another common cause of deficiency in both
T2DM and the general population. The use of animal
derived B12 sources, such as dairy products, fish, and
meat, may be restricted for T2DM patients due to dietary
limitations or food preferences (25).

To optimise their management and enhance clinical
results, physicians should be made aware of these
potential causes, and they may consider routine screening
and Vit. B12 supplementation in T2DM patients at risk of
deficiency.

7. Metformin induced vitamin B12 deficiency in
T2DM:

Metformin, which is frequently recommended for T2DM
(type 2 diabetic mellitus), was found to be associated with
deficiency of Vit. B12. Vitamin B12 cannot be absorbed
properly in the gut and cannot pass the intestinal epithelium
when taken with metformin. Long-term metformin use,
particularly at high doses, can cause a progressive drop
in vitamin B12 levels. Clinically, vitamin B12 insufficiency
can cause neurological and haematological problems,
deteriorating the metabolic disorders already present in
T2DM. For addressing this potential unwanted side effect
of metformin, regular monitoring of Vit. B12 levels and
consideration of supplemental solutions are essential (22).

Pathophysiology of Metformin-induced Vitamin B12
deficiency in T2DM:

New research has shed light on the pathophysiology of
Vit. B12 insufficiency because of metformin in people
with T2DM (type 2 diabetic mellitus). Ting et al. (25) in
their research studied the fundamental mechanisms.
They discovered metformin usage was linked to changes
in gastrointestinal physiology, such as a reduction in
stomach acid output and a delay in gastric emptying.
These modifications may hinder Vit. B12 absorption and
decrease its availability from dietary protein sources.
Additionally, Ting et al. (25) recognised the influence of
metformin on Vit. B12’s intestinal transit. They found that
metformin inhibited cubilin expression, which is a protein
involved in the absorption of the intrinsic factor-Vit. B12
combination into enterocytes from the gut lumen. This
decrease in cubilin expression can prevent vitamin B12
from being absorbed, which might result in a shortage.

In T2DM patients, Almatrafi et al. discovered a link between
Vit. B12 levels and metformin usage. They discovered a
highly significant negative connection, indicating that
longer-term metformin medication was linked to decreased
levels of Vit. B12. This finding backs up the idea that
prolonged metformin usage can gradually worsen Vit. B12
insufficiency (26).

Impaired absorption: Metformin has been found to
interfere with the gastrointestinal tract’s ability to absorb
vitamin B12, leading to impaired absorption. It is believed
to disrupt the binding of Vit. B12 to the intrinsic factor in
the stomach necessary for its absorption. Metformin’s
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interference with this binding process can result in a
reduced availability of vitamin B12 for absorption, leading
to deficiency (25).

Altered Intestinal Transport: The movement of vitamin
B12 across the intestinal epithelium may also be
impaired by metformin. According to studies, metformin
inhibits the production and operations of proteins that
are involved in the transportation of Vit. B12, such as
cubilin and transcobalamin receptors. The intrinsic factor-
Vit. B12 combination is taken up by cubilin from the gut
lumen into enterocytes, and transcobalamin receptors
help the vitamin B12 cross the enterocytes’ basolateral
membrane and enter the bloodstream. Metformin can
affect these transport proteins’ ability to function properly
or downregulate them, which prevents the absorption
and enterohepatic circulation of Vit. B12 and lead to
insufficiency (23).

Gastric Physiology: Altered gastric physiology observed
in T2DM, such as delayed gastric emptying and reduced
gastric acid secretion, can also play a role in metformin-
induced vitamin B12 deficiency. Delayed gastric emptying
may prolong the contact time between metformin and the
stomach, potentially increasing its interaction with the
intrinsic factor and affecting its binding to Vit. B12. The
release of Vit. B12 from food sources containing protein
can be hampered by decreased stomach acid output,
which is frequently seen in T2DM patients. Additionally,
T2DM may result in decreased production of intrinsic
factor in the gastric mucosa, further impairing Vit. B12
absorption (23).

Complex pathophysiological processes, such as reduced
intestinal absorption, changed intestinal transport, and
disturbed gastric physiology, contribute to metformin-
induced Vit. B12 insufficiency in T2DM (Figure 1). To
reduce the risk of consequences caused by Vit. B12
insufficiency, physicians should be made aware of this
link, and consider routine monitoring of Vit. B12 levels and
implement appropriate supplementing measures.

8. Metformin-induced Vitamin B12 deficiency — latest
clinical evidence:

Metformin usage is associated with Vit. B12 deficit,
according to many recent studies. According to Bell's 2010
research, 30% of individuals taking metformin on a chronic
basis had vitamin B12 deficiencies, which might manifest
as peripheral neuropathy (21). A favourable association of
metformin use with Vit. B12 insufficiency was discovered
by Khattab 2022 after conducting a systematic evaluation
of 19 bodies of research, with higher metformin doses
being closely linked to lower vitamin B12 levels (24). In
individuals on metformin, Kang, 2014, discovered that
sulfonylurea usage was a substantial independent risk
factor for B12 insufficiency (27). The duration and dose
of treatment with metformin were clinically significant risk
factors for developing Vit. B12 deficiency, according to
Ting’s nested case-control study from 2006 (25). To avoid
consequences from Vit. B12 deficiency, regular monitoring
of Vit. B12 levels is advised during prolonged metformin
administration.

Western Studies:

There is a wide variation in the incidence of Vit. B12
deficiency among metformin users that depends on
the length and dosage of metformin therapy, and the
population characteristics. As per recent meta-analysis,
patients who used metformin had a prevalence of Vit. B12
deficiency that was 19.6% higher than that of non-users
(9.5%) (28). However, studies from various nations and
eras were included in this study, which could have had
varied dietary customs and screening procedures.

In a retrospective cohort analysis, Lee AK et al. (29)
examined data from 14,623 type 2 diabetes patients who
were recruited in a major Californian healthcare system
between 2011 and 2017. According to the study, metformin
users had a 6.3% prevalence of Vit. B12 insufficiency
(200 pg/mL), while it was 2.4% in non-users. With higher
dosages and longer treatment periods, the prevalence
rose. Only 37% of metformin users checked their Vit. B12
levels during the study period, which points to a lower
prevalence of screening for Vit. B12 deficiency.

Data from 1,621 T2DM patients who were a part of
NHANES (National Health and Nutrition Examination
Survey) between 2011 and 2016 were analysed by Kim
JY et al. (30). According to this study, metformin users
had Vit. B12 deficiency (200 pg/mL) higher than the non-
users (5.8% vs. 2.4%). The frequency was higher in non-
Hispanic females, older people (>60 years), , and those
who had lower income and educational levels. Only 22%
of metformin users checked their Vit. B12 levels in the
previous year, according to the study’s findings, which
points to a lack of awareness of, and screening for, vitamin
B12 deficiency.

Data from 4,368 type 2 diabetes patients who received
care at a Texas Veterans Affairs Medical Centre between
2013 and 2018 were examined by Martin D et al. (31). The
prevalence of Vit. B12 deficiency (200 pg/mL) was 7.4%
among those using metformin, and 4.8% in non-users,
according to the study. Higher metformin therapy doses
led to an increase in prevalence, but no longer treatment
times. Only 16% of metformin users had their vitamin
B12 levels checked during the study period, according to
the study’s findings, indicating a low rate of vitamin B12
deficiency screening.

These three investigations demonstrate that metformin-
induced vitamin B12 insufficiency is a prevalent and
underreported condition among T2DM individuals in the
United States. Depending on other characteristics and the
dosage of metformin medication, the prevalence ranges
from 5.8% to 7.4%. Despite recommendations from the
American Diabetes Association and other organisations
to frequently check vitamin B12 levels among metformin
users, the screening rates for vitamin B12 deficiency are
relatively low, ranging from 16% to 37%. This could result
in missed opportunities for vitamin B12 deficient early
detection and treatment, which can stop or reverse its
effects.
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Figure 1: Pathophysiology of Metformin induced Vitamin B12 deficiency in T2DM.
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American individuals with type 2 diabetes frequently
experience underdiagnosed metformin-induced vitamin
B12 insufficiency. For these individuals’ health and quality
of life, it may have detrimental effects. Therefore, it is
crucial to raise awareness of this issue, conduct more
screenings, and offer suitable treatment and preventative
measures.

Numerous studies have demonstrated that prolonged
metformin treatment causes malabsorption of Vit
B12, with a drop in blood Vit. B12 content from 30% to
14%. It was discovered that patients who used higher
dosages of metformin for longer periods of time had an
increased chance of acquiring Vit. B12 insufficiency. Early
identification of Vit. B12 deficiency in these patients is
crucial to prevent further neurological and haematological
symptoms (34).

In another cross-sectional study done in Spain, 312 people
with T2DM who had used metformin for a period of six
months were included. According to the study, 29.5% of
the patients had borderline Vit. B12 deficiency (200-300
pg/mL) and 17.6% of the patients had severe deficiency
(200 pg/mL). Patients who used greater metformin
dosages (> 2000 mg/day) and for prolonged periods
of time (> 5 years) had increased rates of vitamin B12
insufficiency. Additionally, the study discovered that lower
levels of methylmalonic acid and homocysteine, indicators
of poor Vit. B12 metabolism, were linked to vitamin B12
insufficiency (35).

There were 121 type 2 diabetics in an Italian prospective
cohort research who had been on metformin for a period
of one year. According to the study, 32.2% of the patients
had borderline shortage of vitamin B12 (221-300 pmol/L),
and 11.6% of the patients had severe deficiency (221 pmol/
L). Patients who took metformin at larger doses (> 1500
mg/day) and for longer periods of time (> 10 years) had
increased rates of vitamin B12 insufficiency. Additionally,
the study discovered that low levels of haemoglobin and
haematocrit, two markers of anaemia, were linked to Vit.
B12 deficiency (36).

About 390 study participants with T2DM receiving
metformin medication for a period of 4 months were
enrolled in a randomised controlled trial from the
Netherlands. In this experiment, blood vitamin B12 levels
and clinical outcomes were examined after 52 weeks
of oral vitamin B12 supplementation (850 mcg/day)
against placebo. According to the research, vitamin B12
supplements significantly raised serum Vit. B12 levels by
55% as compared with placebo and stopped future Vit.
B12 level reduction in individuals receiving metformin
treatment. However, compared to placebo, vitamin B12
supplementation had no positive impact on homocysteine,
haemoglobin, or quality of life scores (37).

These studies demonstrate that metformin medication
in European patients with T2DM frequently results in Vit.
B12 insufficiency, which may be a significant side effect.
Additionally, they contend that lengthier use of metformin
at higher doses and durations increases the chance of

developing a vitamin B12 deficiency. These studies do,
however, have several drawbacks, including small sample
sizes, heterogeneity in the definition and measurement of
Vit. B12 deficiency, a lack of confounding factor adjustment,
and brief follow-up times.

Therefore, more investigation is required to establish
the most effective screening frequency, cut-off values,
and modes and dosages of Vit. B12 supplementation for
individuals receiving metformin therapy. Furthermore, it's
critical to examine the effects of Vit. B12 insufficiency
and supplementation in metformin-treated patients,
including anaemia, neuropathy, cognitive function, and
cardiovascular risk.

Asian studies:

The association between metformin usage with Vit. B12
deficiency in various groups, including Asian individuals
with T2DM has been examined in a number of systematic
reviews and meta-analyses.

In a meta-analysis conducted by Khattab et al. (24), 19
studies that examined the impact of metformin on Vit. B12
levels in type 2 diabetes mellitus patients without Vit. B12
supplementation, were included (15 observational studies
and 4 randomised controlled trials). The pooled odds
ratio between metformin usage and Vit. B12 deficiency
was found to be 2.23 (95% CI: 1.77 to 2.80), indicating
a positive association between the two. Additionally, they
noted that treatment duration was not highly correlated
with Vit. B12 levels, although higher metformin doses
were. The authors advised taking therapeutic Vit. B12
pills or injections together with a diet high in Vit. B12
to minimise consequences from Vit. B12 insufficiency.
They also advised routine monitoring of Vit. B12 levels
throughout long-term metformin use.

In another systematic review done by Infante et al. (23),
16 research (seven randomised controlled trials and nine
observational) studies that examined the relationship of
metformin medication with Vit. B12 deficiency in people
with prediabetes or T2DM were included. In comparison
to placebo or other antidiabetic medications, the authors
discovered that treatment with metformin was related with
a significant decrease in serum Vit. B12 levels, with a mean
difference of -52.4 pmol/L (95% CI: -64.5 to -40.3). They
added that elevated homocysteine and decreased folate
levels were associated with metformin-induced vitamin
B12 insufficiency, which may have detrimental effects on
cardiovascular health. The authors recommended that
people with prediabetes or T2DM who are using metformin
for treatment should be evaluated for Vit. B12 deficiency,
particularly if they had risk factors including advanced age,
a vegetarian diet, or pernicious anaemia.

About 11 research (6 observational studies and 5
randomised controlled trials) that examined the impact
of metformin on serum Vit. B12 levels in patients with
prediabetes and T2DM in China were included in a meta-
analysis done by Li et al. (38). When compared to those
who did not take metformin, the researchers discovered
a substantial drop in serum vitamin B12 levels, with a
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mean difference of -55.6 pmol/L (95% CI: -74.9 to -36.4).
They also noticed a link between lower serum levels of
Vit. B12 and larger doses and longer periods of metformin
treatment. The authors advised continuous monitoring
of serum Vit. B12 levels in type 2 diabetes mellitus
patients using metformin and, if necessary, Vit. B12
supplementation.

Studies from the Middle East region:

In several regions of the world, investigations have
investigated the incidence of Vit. B12 insufficiency in
diabetes patients and how it affects their response to
metformin therapy. Additionally, metformin use has
been linked to a 9%—-52% drop in serum vitamin B12
levels, according to randomised control trials and cross-
sectional investigations (39). However, there is a dearth
of information on this subject throughout the Middle East,
particularly in Qatar.

As shown in Table 1, the prevalence of Vit. B12 deficiency
was found to be higher in diabetic patients receiving
metformin therapy than in those not receiving it, ranging
from 12.5% to 30.7% in individuals taking metformin and
around 10% in individuals not using metformin, according
to all five investigations. Metformin usage is found to have
a moderate to high risk of Vit. B12 deficiency, according to
odds ratios that ranged from 2.2 to 2.7.

The disparate approaches of the research and thresholds
for identifying Vit. B12 deficiency, may make it difficult
to interpret the findings. However, most of the research
used a cut off value of < 150 pg/mL, which is consistent
with the World Health Organization criteria for vitamin
B12 deficiency. The studies also used different doses of
metformin, but the mean doses were similar and within the
recommended range of 1.5 to 2 g/day for T2DM patients.
The length of metformin medication, another significant
factor that may affect the likelihood of Vit. B12 deficiency,
was not reported in the trials.

The clinical effects of Vit. B12 insufficiency in diabetic
patients on metformin therapy, such as anaemia,
neuropathy, or cognitive impairment, were not evaluated in
the research. However, other studies found that individuals
with Vit. B12 deficiency also had higher homocysteine and

lower levels of haemoglobin and hematocrit, which may
influence their hematopoietic and cardiovascular health.

9. Diagnosis of Vitamin B12 deficiency in T2DM:

Due to the potential consequences linked to a deficiency,
the diagnosis of Vit. B12 deficiency in T2DM requires
rigorous investigation. In the early assessment of Vit. B12
deficiency, clinical assessment is extremely important. It
is important to look for signs and symptoms of deficiency
in T2DM patients, such as fatigue, weakness, neuropathy,
glossitis, and macrocytic anaemia. However, these clinical
manifestations are non-specific and can overlap with
other conditions, making a definitive diagnosis based on
symptoms alone challenging.

Laboratory Testing:

Serum Vit. B12 Levels: The diagnosis of Vit. B12
deficiency is frequently made using serum vitamin B12
levels. The common reference range lies in the 200-900
pg/mL range. The ideal limit for identifying insufficiency in
T2DM patients is still being debated, though. According to
certain studies, concentrations below 300 pg/mL or even
350 pg/mL should be taken as a sign that this population
is deficient (45).

Serum Folate and Homocysteine Levels: Since vitamin
B12 deficiency can lead to elevated homocysteine and
decreased serum folate levels, measuring these markers
can provide supportive evidence. Elevated homocysteine
levels (>15 pmol/L) and decreased serum folate levels
can indicate impaired vitamin B12 metabolism (46).

Holotranscobalamin (holoTC): A portion of vitamin B12
that is biologically active and involved in cellular absorption
is called holoTC. Assessing holoTC levels might offer a
more precise evaluation of tissue B12 status. Even in the
face of adequate total B12 levels, some studies contend
that low holoTC levels (35 pmol/L) are a sign of functional
vitamin B12 deficiency (47).

Methylmalonic Acid (MMA) and Homocysteine: MMA is
a metabolite that accumulates in vitamin B12 deficiency.
Elevated MMA levels (>0.37 ymol/L) can indicate impaired
B12 metabolism. Combined measurement of MMA and
homocysteine levels canimprove diagnostic accuracy (48).

Table 1: Studies on metformin-induced vitamin B12 deficiency in the Middle East region

Study Country Sample size | Vit. B12 cutoff Prevalence of Vit. B12
deficiency
Yousef Khan F et al. (40) Catar 3124 < 145 pg/ mL 30.7%
Alharki TJ et al. (41) Saudi Arabia 412 < 132.8 pg/ mL MMetformin group -9.4%
Mon-metformin group — 2.2%
Mohammed B et al. [(42) Saudi Arabia 347 < 145 pg/ mL 10.4%
Al Saeed RR et al. (43) Saudi Arabia 307 < 150 pg/ mL Ceficiency -3.6%
Borderline — B6.1%
Alshammari et al. (44) Saudi Arabia 363 < 150 pg/ mL 12.5%
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Intrinsic Factor Antibody (IFA) Testing: IFA testing is useful
in detecting pernicious anaemia, an autoimmune condition
found in vitamin B12 deficiencies. The presence of IFA is
indicative of autoimmune-mediated destruction of intrinsic
factors, impairing B12 absorption. However, it is important
to note that IFA testing has limitations, including false-
positive results and a lack of sensitivity in some cases (49).

The diagnosis and management of Vit. B12 deficiency in
T2DM requires a comprehensive approach, considering
clinical assessment and laboratory testing. Serum
vitamin B12 levels, supplemented by measurements of
folate, homocysteine, holoTC, MMA, and IFA, can aid
in diagnosing deficiency and evaluating the functional
status of vitamin B12. Additionally, considering the
individual patient’s clinical presentation, medical history,
and response to supplementation is crucial for accurate
diagnosis and appropriate management.

10. Management of Vitamin B12 deficiency in T2DM:
To avoid potential problems and enhance patient
outcomes, Vit. B12 deficiency in T2DM must be properly
managed. It’s critical to get an early and precise diagnosis
of Vit. B12 insufficiency in T2DM. According to the
most recent recommendations, serum levels of Vit. B12
should be measured along with other indicators such
holotranscobalamin, methylmalonic acid (MMA), and
homocysteine (50). In T2DM patients taking metformin or
who have clinical signs of a vitamin B12 deficit, routine
monitoring of Vit. B12 status is advised.

Oral Vit. B12 Supplementation: Oral Vit. B12
supplementation is a convenient and effective option for
patients with T2DM. It is recommended to use high-dose
oral B12 supplements (1,000 to 2,000 pg/day) due to the
impaired absorption associated with T2DM. This high-
dose approach compensates for the reduced absorption
efficiency and ensures adequate vitamin B12 levels (51).
Intramuscular Vitamin B12 Injection: In cases of severe
deficiency or malabsorption, intramuscular injection of
vitamin B12 is the preferred route of administration. The
initial treatment typically involves a series of injections
(1,000 pg/day) for several days or weeks, followed by
maintenance injections (1,000 pg/month) (52).

Subcutaneous or Intranasal Vitamin B12: Emerging
evidence suggests that subcutaneous or intranasal
administration of vitamin B12 may be a viable alternative
to intramuscular injection. These approaches are more
practical and might be preferred by patients. To determine
their effectiveness and safety in T2DM, however, more
research is required (51).

Patient education: Treatment of vitamin B12 insufficiency
in T2DM includes patient education as a key component.
Healthcare professionals should stress the value of
consistent observation, adherence to supplementation
plans, and knowledge of dietary sources of vitamin B12.
It can also assist to promote a balanced diet that includes
foods high in vitamin B12, such as dairy products, eggs,
poultry, meat, and fish (52).
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Interdisciplinary Collaboration: For the best therapy of
vitamin B12 deficiency in T2DM, collaboration amongst
healthcare professionals, including endocrinologists,
primary care doctors, nutritionists, and pharmacists,
is crucial. Comprehensive evaluation, appropriate
supplements, routine monitoring, and continuous patient
assistance are all made possible by an interdisciplinary
approach (52).

Accurate diagnosis, sensible supplementation plans,
patient education, and interdisciplinary cooperation all go
into managing vitamin B12 deficiency in T2DM. Consensus
and recommendations urge routine vitamin B12 level
monitoring, high-dose oral supplementation, intramuscular
injections for severe deficiency, and thought of alternate
administration methods. Long-term management requires
patient education and lifestyle changes. Healthcare
providers can optimise the treatment of T2DM patients
with vitamin B12 insufficiency and enhance their general
health outcomes by putting these recommendations into
practise.

Conclusion

One noticeable and potentially harmful adverse effect of
metformin therapy in persons with T2DM is metformin-
induced Vit. B12 deficiency. It may result in several clinical
problems, including anaemia, neuropathy, memory loss,
and cardiovascular disease. Therefore, to avoid the
detrimental effects of this illness, regular screening and
appropriate management are crucial. Measurement of
serum Vit. B12 levels and otherindicators, supplementation
with oral or parenteral Vit. B12, and dietary changes are
all part of the screening and management techniques for
metformin-induced Vit. B12 insufficiency.
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