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Abstract:
Objective: The aim of the study is to observe the long-term treatment of metformin and its associated
effect on Vitamin B12 among Type Il Diabetes mellitus south Indian patients.

Methods: An observational study conducted over a period of 54 months on Type Il Diabetes mellitus
patients who are in chronic therapy with metformin. The study described the Vitamin B12 levels
among the Type Il DM patients, which could alert the patients who are in the low and borderline
range of serum Vitamin B12, which may prevent the risk of peripheral neuropathic complications and
anaemic conditions, etc.

Findings: Totally, 387 patients were enrolled as per the inclusion and exclusion criteria, including
232 males (59.94%) and 155 females (40.05%). A total of 39 patients had been observed to have low
levels of Vitamin B12, among them 23 females (Mean 184.17 £ S.D. 10.69) and 16 males (Mean
185.31+ S.D 7.56), followed by 16 patients found to be above the normal range of Vitamin B12,
among them 02 females (Mean 991 + S.D. 15.55) and 14 males (Mean 1578.14 + S.D. 406.93),
followed by 76 patients had been found to be borderline of Vitamin B12, among them 43 females
(Mean 220.76 + S.D 6.50).

Conclusion: High doses of chronic Metformin therapy may alter Vitamin B12 levels. Some of the
patients had an abnormally high level of serum Vitamin B12, whose medical condition should be
ruled out, and such Patients’ diet histories were also cross-examined, which was a mixed normal diet,
and they had various medical conditions. However, the high chances of metformin-associated effects
on Vitamin B12 with higher doses and long-term therapy of metformin, whose duration was 10 to 20
years, Moreover, age is also an important factor, and the study reveals that, among genders, female
populations had a higher rate of low-level Vitamin B12 than male populations. Patients in the age
group between 50 and 65 years had a higher rate of low-level Vitamin B12 than other age groups,
totaling 20 patients, among them 12 females (Mean 183.08 + S.D. 13.17) and 8 males (Mean 185.5
+ S.D. 4.3). Patients with other comorbid conditions also had low levels and borderline levels of
Vitamin B12 and had been on long-term metformin therapy. Therefore, our study concluded that
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chronic therapy and higher doses of metformin may lead to a deficit in serum Vitamin B12, which
requires regular checks on Vitamin B12 among Type 2 DM patients to avoid the risk of Peripheral
neuropathy and other complications.

Keywords: Type Il Diabetes Mellitus, Metformin, Vitamin B12, Peripheral neuropathy.

INRODUCTION

Type 2 diabetes mellitus (T2DM) is a chronic metabolic disorder that is increasingly becoming a
pandemic in developed and developing world [1] In 2010, 285 million people, representing about 6%
of the world’s adult population, were T2DM patients [2]. This number is expected to reach 439
million by 2030 [3]. The disease is associated with various systemic macro vascular and micro
vascular complications. T2DM can lower the quality of life and result in heavy social and economic
burdens, making the disease a public health concern. T2DM absorbs 5-10% of healthcare budget in
many countries [4]. Both the European and American guidelines recommend the use of metformin as
a first-line pharmacological therapy in T2DM [5]. Findings from clinical studies confirmed that the
medication improves cardiovascular outcomes in T2DM patients [6]. Due to its proven effectiveness,
relative safety and potential for use with other anti-diabetic medications, metformin is currently the
most widely prescribed oral anti-diabetic agent [7]. It is estimated that the medication is routinely
prescribed to 120 million patients with diabetes around the world [8]. Diabetes is a serious and
growing global health concern, according to the latest statistics.

The global prevalence of impaired glucose tolerance was estimated at 7.5% (374million) in 2019 and
is projected to reach 8.0% (454 million) by 2030 and 8.6% (548 million) by 2045.

The number of people with diabetes is anticipated to increase to 693 million by 2045 [9]. Most people
with diabetes live in low- and middle-income countries, at approximately 79%, where a rapid increase
in the number of diabetic cases is expected over the next 22 years by 13.3% and 13.9% in the Middle
East and North Africa (MENA) Region [10, 11]. Diabetes can be classified into two main categories:
(i) insulin-dependent diabetes mellitus (T1LDM), or type 1 diabetes mellitus, characterized by the lack
of insulin secretion (without daily administration of insulin, TADM rapidly becomes fatal); and (ii)
non-insulin-dependent diabetes mellitus, or type 1 diabetes mellitus (T2DM) [12,13]. T2DM results
from the body’s ineffective use of insulin. About 90% of people with diabetes worldwide have T2DM,
which is mainly associated with high body weight and physical inactivity (WHO, 2019). All
guidelines, including the European Association for the Study of Diabetes (EASD) and the American
Diabetes Association (ADA), consider metformin (1,1-dimethylpiguanide hydrochloride) a
cornerstone and first-line treatment, along with lifestyle intervention, for managing hyperglycemia in
patients with T2DM (14). Furthermore, metformin has beneficial effects on carbohydrate metabolism,
weight loss, and prevention of vascular disease [15].

Vitamin B12, also known as cobalamin, is a water-soluble vitamin that is primarily obtained from
animal-sourced foods such as red meat, poultry, shellfish, milk, eggs and other dairy products, or
vitamin B12-fortified foods [16]. Once ingested, vitamin B12 is released from its food carrier proteins
by proteolysis in the acidic environment of the stomach, where it binds to a glycoprotein called
haptocorrin (also referred to as Rfactor or R-protein). Haptocorrin is produced and secreted by the
salivary glands. The haptocorrin-vitamin B12 complex protects vitamin B12 from degradation in the
acidic environment of the stomach. Once the haptocorrin-vitamin B12 complex reaches the
duodenum, pH change and degradation of haptocorrin by pancreatic proteases favor vitamin B12
cleavage from haptocorrin, resulting in the release of vitamin B12 in its free form. In the duodenum,
the free vitamin B12 binds to intrinsic factor (IF), a glycoprotein secreted by gastric parietal cells,
resulting in the formation of an IFvitamin B12 complex. The newly formed IF-vitamin B12 complex
subsequently binds, in a calcium-dependent manner, to the cubilin receptor (a protein encoded by the
CUBN gene) on the enterocytes of the distal ileum, resulting in the absorption of vitamin B12 by
receptor-mediated endocytosis. Upon internalization, the IF-vitamin B12 complex is released from
its receptor, IF is degraded in lysosomes, and vitamin B12 enters the circulation via the multidrug
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resistance protein 1 (MDR1) transporter [17]. In the circulation, approximately 20%-25% of vitamin
B12 is bound to its binding protein transcobalamin. The transcobalamin-vitamin B12 complex is also
known as holotranscobalamin (HoloTC), which represents the biologically active form of cobalamin
and allows for cellular uptake of vitamin B12 through specific cell surface transcobalamin receptors
[18]. The remaining 75%-80% of vitamin B12 is bound to haptocorrin and is stored in the liver. Some
vitamin B12 is excreted in bile and undergoes enterohepatic circulation [19]. Vitamin B12 also acts
as a cofactor for the enzyme methylmalonyl-CoA mutase, which catalyzes the conversion of
methylmalonyl-CoA to succinyl-CoA, a reaction that takes place in the mitochondria [20]. Thus,
vitamin B12 deficiency results in the accumulation of methylmalonyl-CoA that is subsequently
converted to methylmalonic acid (MMA), whose plasma levels are often, elevated in patients with
vitamin B12 deficiency. In subjects with vitamin B12 deficiency, increased levels of MMA and
homocysteine have been suggested to contribute to myelin damage (myelopathy) and, as a
consequence, to peripheral and autonomic neuropathy [21, 22]. Neurologic manifestations of vitamin
B12 deficiency include progressive axonal demyelination, impaired sensory and peripheral nerve
function, sub-acute combined degeneration of the spinal cord, areflexia and loss of proprioception
and vibration sensitivity [23, 24].

Therefore, mentioned neurologic manifestations can be erroneously interpreted as features of diabetic
neuropathy in diabetic patients who are chronically treated with metformin. Failure to identify the
cause of neuropathy can lead to progression of central and/or peripheral nerve damage, which may
be arrested, but not completely reversed, by vitamin B12 replacement in some instances [25].
Neurocognitive manifestations such as poor memory performance, cognitive impairment, dementia,
delirium, depression and episodes of psychosis are also possible in the presence of severe and chronic
vitamin B12 deficiency [26]. Other symptoms that have been reported in adult patients with vitamin
B12 deficiency include glossitis, skin hyperpigmentation and infertility, hearing loss, bone disease
and macular degeneration [27].

METFORMIN-INDUCED VITAMIN B12 DEFICIENCY: CLINICAL EVIDENCE

More than 60 years after its first clinical use, metformin is still recommended as the first-line oral
glucose-lowering drug in most clinical guidelines on the management of type 2 diabetes (T2D) thanks
to its well-established long-term safety and efficacy profile. Possible side effects of metformin
include gastrointestinal intolerance [28] and the rare occurrence of lactic acidosis, which is most
likely in the presence of moderate to severe chronic kidney disease. However, moderate to severe
renal impairment is a major contraindication to the clinical use of metformin [29]. Metformin is
usually well tolerated and effective in maintaining glucose control in the long-term [30]. Indeed,
metformin is still the most widely used oral anti-hyperglycemic (insulin sensitizing) agent, being
prescribed to more than 100 million people worldwide, including patients with pre-diabetes, insulin
resistance and polycystic ovary syndrome (PCOS) [31]. Yet, in recent decades, several observational
studies, systematic reviews and meta-analyses have reported an association between long-term
metformin therapy and biochemical vitamin B12 deficiency, including frank deficiency or borderline
vitamin B12 status [32-36].

MECHANISM OF METFORMIN-INDUCED MALABSORPTION OF VITAMIN B12

Many mechanisms were proposed to explain how Metformin interferes with the absorption of vitamin
B12. Intestinal bacteria overgrowth resulting in the binding of IF-vitamin B12 complex to bacteria
instead of being absorbed was an early suggested mechanism (37). It was also proposed that
metformin reduces the vitamin absorption by altering the intestinal motility (38). The most currently
accepted mechanism suggests that metformin antagonizes the calcium cation and interferes with the
calcium-dependent IF-vitamin B12 complex binding to the ileal cubilin receptor (39). The reversal of
metformin-associated vitamin B12 malabsorption by calcium supplementation greatly supported the
latter mechanism. The study of Bauman et al. proposed the mechanism that describes the
malabsorption of vitamin B12 by metformin (39). Type-2 diabetic participants were divided into two
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groups: the first group was given metformin, and the second (control) group was given a sulfonylurea.
The metformin group, but not the control group, showed a statistically significant gradual decrease
in serum vitamin B12 and holo-TC-I1 levels over the first three months. Oral calcium supplementation
was then introduced to the metformin group for one month. At the end of that month, holo-TC-1I
levels increased in the metformin group by 53%. The absence of bacterial overgrowth was confirmed
by hydrogen breath tests and by similar baseline and study end concentrations of serum vitamin B12
analogues. The authors built on the previously reported ability of biguanides to give a positive charge
to the membrane’s surface and on the essential role the calcium plays in the binding of IF vitamin
B12 complex to ileal receptors to introduce the theory of the mechanism by which metformin inhibits
vitamin B12 absorption (40). They proposed that the protonated metformin molecule directs itself
towards the hydrocarbon core of the ileal cell membrane and positively charges the membrane
surface, displacing the divalent calcium cations by repulsion forces. Such displacement impairs the
calcium-dependent binding of IF-vitamin B12 complex to the ileal cubilin receptor and malabsorption
of the vitamin ensues. Since bile is secreted into the duodenum, the above theory connotes that
metformin may inhibit the absorption of bile vitamin B12 later in the distal ileum. Therefore, the
medication has the theoretical potential to inhibit both dietary and enterohepatic vitamin B12
absorption.

MATERIALS AND METHOD:

An observational study conducted in the tertiary care teaching hospital. The protocol was reviewed
and approved by the Institutional ethics committee. This study was conducted over a period of 54
months. Based on inclusion and exclusion criteria, patients were recruited for the study. A total of
387 patients had enrolled with their informed consent. Data had been collected from the patient's
demographic details, clinical data, treatment chart, lab investigations, etc. Based on study criteria,
both inpatients and outpatients of either gender were investigated. All the patients were on chronic
metformin therapy between the ages of 18 and 65. Blood samples were collected for the
investigations. The following patients were excluded from the study: emergency visits, those who
were not willing to participate in the study, and those who were on a vitamin B12 supplement. This
study also cross-examined the past medical history and diet history of the patients and carefully
recruited them. This study assessed the range of serum Vitamin B12 for those who have been on
chronic metformin therapy for at least 2 years. We observed that 4.13% of the patients had an
abnormally high level of Vitamin B12, followed by 19.6% of the patients who were found to be
borderline in Vitamin B12, and 10.06% of patients who were found to be in the low range of Vitamin
B12. Patients in the age group between 50 and 65 years had a higher rate of low-level Vitamin B12
than other age groups, totalling 20 patients, among them 12 females (Mean 183.08 + S.D. 13.17) and
8 males (Mean 185.5 + S.D. 4.3).

RESULTS

An observational study conducted in the tertiary care teaching hospital. The protocol was reviewed
and approved by the Institutional ethics committee. This study was conducted over a period of 48
months. Based on inclusion and exclusion criteria, patients were recruited for the study. A total of
387 patients had enrolled with their informed consent. Data had been collected from the patient's
demographic details, clinical data, treatment chart, lab investigations, etc. Based on study criteria,
both inpatients and outpatients of either gender were investigated. All the patients were on chronic
metformin therapy between the ages of 18 and 65. Blood samples were collected for the
investigations. The following patients were excluded from the study: emergency visits, those who
were not willing to participate in the study, and those who were on a vitamin B12 supplement. This
study also cross-examined the past medical history and diet history of the patients and carefully
recruited them. This study assessed the range of serum Vitamin B12 for those who have been on
chronic metformin therapy for at least 2 years. We observed that 4.13% of the patients had an
abnormally high level of Vitamin B12, followed by 19.6% of the patients who were found to be
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borderline in Vitamin B12, and 10.06% of patients who were found to be in the low range of Vitamin
B12. Patients in the age group between 50 and 65 years had a higher rate of low-level Vitamin B12
than other age groups, totalling 20 patients, among them 12 females (Mean 183.08 + S.D. 13.17) and
8 males (Mean 185.5 £ S.D. 4.3).

Patient distribution according to the age and sex group: Patients age group between 18 and 30
years (16 males, 14 females), followed by 31 and 40 years (41 males, 28 females), followed by 41
and 50 years (74 males, 42 females), and patient age group between 51 and 65 years (101 males and
71 females). Among genders, the female population had a higher rate of low-level vitamin B12 than
the male population. Moreover, patients in the age group between 51 and 65 had a higher rate of low-
level vitamin B12 than others.

Table. 1 Patients Age & Gender wise Distribution

Sex / Gender
Age Group (Years) Male (n=232) | Female (n=155)
18- 30 16 (6.8%) 14 (9%)
31-40 41 (17.6%) 28 (18%)
41- 50 74 (31.8%) 42 (27%)
51-65 101 (43.5%) 71 (45.8%)

The above table represents the age group distributions among either gender. Age between 51
and 65 and above shows the highest patient population.

PATIENTS AGE AND GENDER WISE DISTRIBUTION

5.80°
50.00% - e, 0%

13.50%
45.00% -
40.00% -
35.00% - 31.80%
30.00% -
25.00% - mSex Male

17.60% 18%
20.00% - m Sex Female

1500% b 9n0
10.00% - 6:80%
5.00% -

0.00% . . . .
18-30 31-40 41- 50 51-65

AGE GROUP

27%

Fig. 1 Represents the age and sex-wise distribution of patients.

Patient’s distribution only with Type Il Diabetes Mellitus.

A total of 387 patients were diagnosed, among them patients diagnosed only with Type 2 DM (109
males, 72 females). Among them 20 males and 13 females comes under the age group between 18
and 30 followed by 22 males and 14 females comes under the age group between 31 and 40 followed
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by 32 males and 22 females comes under the age group between 41 and 50 followed by 35 males and
23 females comes under the age group from 51 and 65 above.

Table.2 Patients only with Type Il DM

Patients with Type Il DM/ Age Group wise | Males Females
(n =109) (n=72)

18-30 20 (18.3%) 13 (18%)

31-40 22 (20.1%) 14 (19.4%)

41-50 32 (29.3%) 22 (30.5%)

51-65 35 (32.1%) 23 (31.9%)
1s00% -~ Patients only with Type II DM 32.10% 31.90%

30.50%
29.30%
30.00% -
25.00% A
2010% .
125U
20.00% _/18.30% 18%
m Male
15.00% - B Female
10.00% -
5.00% -
0.00% T T T T
18-30 31-40 41- 50 51-65
Age Group

Fig.2 Represents Patients only with Type Il DM, either Gender According to their Age

Group.

Patient’s distribution on Type II DM with co-morbid conditions:
Patients diagnosed with Type 2 DM with co-morbid conditions (123 males, 83 females). Patients with
Type 2 DM and HTN include 72 males and 37 females. Patients with comorbid conditions, including
Type 2 DM, HTN and IHD, were 40 males and 36 females. Patients with Type 2 DM and various

comorbid conditions were 11 males and 13 females.

Table.3 Type 11 DM with various co-morbid conditions

PATIENT’S TYPE II DM WITH CO-MORBID
CONDITIONS

Males (n=123)

Females (n=83)

TYPE Il DM WITH HTN 72 (58.5%) 37 (44.5%)
TYPE Il DM WITH HTN,IHD 40 (32.5%) 36 (43.3%)
TYPE Il DM WITH VARIOUS COMORBID CONDITIONS 11 (8.9%) | 13(15.6%)
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Fig. 3 Represents Patients with Type Il DM & various comorbid conditions

PRESCRIPTION OF VARIOUS ANTI DIABETIC AGENTS

Various categories of oral hypoglycemic agents are prescribed, since Metformin (n = 387) is the first
line choice of drug, which was mostly prescribed rather than other drugs, followed by Glimepiride (n
= 136), prescribed along with metformin, followed by Vidagliptin (n = 87), Pioglitazone (n = 27),
Volibose (n = 102), and Insulin (n = 36).

Table. 4 Prescribed various types of Anti-Diabetic agents and Insulin

Type of Oral Hypoglycaemic agents Number of drugs prescribed
Metformin 387 (100%)

Glimepiride 136 (35%)

Vidagliptin 87 (22.4%)

Voglibose 102 (26.35%)

Pioglitazone 27 (6.9%)

Insulin Human Actrapid 28 (7.2%)

Insulin Human Mixtard 08 (2.06%)

Metformin exerts its glucose-lowering effect primarily by decreasing hepatic glucose production
through suppression of gluconeogenesis and enhancing insulin suppression of endogenous glucose
production and, to a lesser extent, by reducing intestinal glucose absorption and possibly improving
glucose uptake and utilization by peripheral tissues, such as skeletal muscle and adipose tissue. A
recent study has found evidence that metformin and antagonize the action of the counter-regulatory
hormone glucagon to suppress hepatic glucose production (41).

Prescription of various Anti-Diabetic drugs

100%

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0% -+

= Number of drugs Prescribed

Fig. 4 Represents various types of Anti-Diabetic agents prescribed.
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DISTRIBUTION OF SUSPECTED ADRS

During the treatment 16 Patients experienced ADRs include Diarrhoea and Abdominal discomfort in
which 6 Males and 10 Females. 20 Patients experienced Metallic taste in which 11 Males and 09
Females. 14 Patients experienced Anorexia in which 08 Males and 06 Females. 24 Patients
experienced Hypoglycaemic condition in which 16 Males and 08 Females.

Table. 5 Represents Patients Experienced ADRs during Treatment

SUSPECTED ADRs MALES (n=41) FEMALES (n=33)
Diarrhoea and Abdominal discomfort 6 (2.5%) 10 (6.4%)
Metallic taste 11 (4.7%) 09 (5.8%)
Anorexia 08 (3.4%) 06 (3.8%)
Hypoglycaemic 16 (6.8%) 08 (5.1%)
Suspected ADRs
6.80%
7.00% 6.40%
5.80%
6.00% -
5.10%
5.00% - 4.702
3.80%
4.00% - 3.40%
2.00% - 2.50% m Males
W Females
2.00% -
1.00% -
0.00% T T T
Gl Effects Metallic taste Anorexia Hypoglycaemic
(Diarrhoea and
abdominal
discomfort)
Various ADRs

Fig. 5 Represents various ADRs experienced during therapy.

INVESTIGATIONS OF VITAMIN B12:

Vitamin B12 had been investigated on all recruited patients, in which 39 patients had a low level of
Vitamin B12 (<211 pg/ml) among them 16 (6.8%) male patients (mean 185.31+ S.D. 7.56) and 23
(14.8%) female patients (mean 184.17+ S.D. 10.9), followed by 76 patients who were on the
borderline (211-250 pg/ml) among them 33 (14.2%) male patients (mean 220.72+ S.D. 6.82), and 16
patients were above the normal level (>911 pg/ml) among them 14 (6.03%) male patients (mean
1578.14+ S.D. 406.93) and 2 (1.2%) female patients (mean 991+ S.D. 15.55). A vitamin B12 deficit
had been observed in patients treated with metformin over a period of 3 to 20 years (mean 15.23 £
S.D. 9.19), and a borderline had been observed in patients who received metformin over a period of
5 to 15 years (mean 9.16 + S.D. 6.3).

Table. 6 Represents investigations of Vitamin B12

Vitamin B12 Male (n=232) | Mean+S.D Female(n=155) | Mean = S.D
(211 - 911 pg/ml)

Low (<211 pg/ml) 16 185.31 +7.56 23 184.17 +10.96
Borderline (211-250 pg/ml) | 33 220.72 + 6.87 43 220.76 + 6.50
Above Normal (>911 pg/ml) | 14 1578.14 + 406.96 | 02 991 +15.55
Normal (211-911 pg/ml) 169 662.68 + 171.87 87 647.01+178.20
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Investigations of serum Vit B12
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Fig. 6 Represents investigations of Vitamin B12 (Low, Borderline, above normal, normal).

Further, this study also analysed the daily dose of metformin and found that a vitamin B12 deficit had
been observed in patients who received the average doses of 1612.8 mg (mean 1612.8 + S.D. 494.9)
and a borderline was observed in patients who received the average doses of 1479.72 mg (mean
1472.9 £ S.D. 353.5). Clinical findings reveal that the dose and duration of metformin use may lead
to a deficit in Vitamin B12.

DOSE AND DURATION OF METFORMIN

A total of 256 patients who received daily doses of metformin had a normal level of vitamin B12, and
their daily average doses were 1406mg (mean 1406.8 + S.D. 494.9), which shows there were no huge
differences in doses when compared to the low and borderline of the vitamin B12 population.
Moreover, the 5- to 15-year (mean 8.45+ S.D. 2.82) duration of the metformin use of 256 patients
whose vitamin B12 level was quite normal shows that there was no huge difference when compared
to the low and borderline levels of the vitamin B12 population.

Table. 7 Represents Daily Doses and Durations of Metformin

Dose in Mg & duration in | Vitamin B12 | Borderline of Vitamin B12 Normal range of
years (6 months & above) | Deficiency (+) Vitamin B12
Duration of Metformin use | Mean 15.23 + S.D | Mean 9.16 £ S.D 6.36 Mean 8.45 £ S.D 2.82
(years) 9.19
Daily dose of metformin Mean 1472.9 £ S.D 353.55 Mean 1406.85 + S.D
(mg) Mean 1612.82 + 494.97
S.D 464.97
DISCUSSION

An observational study was conducted over a period of 54 months in a tertiary care teaching hospital.
The purpose of the study is to observe and assess the range of vitamin B12 levels among the Type 2
DM patients who are on the chronic therapy of metformin. Metformin is an euglycemic agent that
falls under the biguanides category of oral anti-diabetic agents, which is the first line choice of Type
2 DM. Metformin is a drug that is widely used all over the world and in India among the Type 2 DM
populations. Metformin has potential benefits and eventually causes potential side effects like
peripheral neuropathy and abdominal discomfort, including bloating, nausea, and a metallic taste.
Metformin side effects are usually ignored and are not regularly monitored. Vitamin B12 deficiency
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leads to neurological problems like paraesthesia, ataxia, and peripheral neuropathy. Hence, our study
described the vitamin B12 levels among the people with type 2 diabetes who were on chronic therapy
with metformin. Vitamin B12 was investigated in 387 patients with or without comorbid conditions;
among them, 123 males and 83 females had comorbid conditions, and the remaining 109 males and
72 females only had type 2 DM. 30 patients with type 2 DM and hypertension were 17 (16.6%),
followed by 21 patients with type 2 DM, HTN, and IHD, followed by 16 patients with various
comorbid conditions like COPD, AKI, diabetes ketoacidosis, pulmonary TB, chronic liver disease,
alcoholic liver disease, anemia, hypothyroidism, and diabetic foot. Various categories of oral
hypoglycemic agents were prescribed; the most prescribed drug was metformin, followed by a
combination of glimepiride and metformin, which was the second most prescribed drug, followed by
Volibose, Pioglitazone, and Vidagliptin, which were prescribed the least. Investigations of Vitamin
B12 had been observed, and based on the patients values, the level of Vitamin B12 had been
categorized: 39 patients were on a low level of Vitamin B12 (<211 pg/ml), followed by 256 patients
in the normal range of Vitamin B12, followed by 76 patients on the borderline of the Vitamin B12
level (211-250 pg/ml), and 16 patients were above the normal level of Vitamin B12 (>911 pg/ml).
Dietary history might be impacted by those found to have above-normal and low levels of vitamin
B12. Patients in the age group between 50 and 65 years had a higher rate of low-level Vitamin B12
than other age groups, totaling 20 patients, among them 12 females (Mean 183.08 £ S.D. 13.17) and
8 males (Mean 185.5 + S.D. 4.3). The study concluded that higher doses with chronic therapy of
metformin may interfere with vitamin B12 levels. Some of the patients had an abnormally high value
of vitamin B12 due to their diet, which also had some impact on vitamin B12. However, there will be
a higher chance of metformin-associated effects on vitamin B12 with high doses of metformin, and
more importantly, in patients with comorbid conditions. Moreover, age is also an important factor, as
the study reveals that among genders, the male patient population has a higher rate of low-level
vitamin B12 than the female population. Patients’ age groups between 50 and 65 had a higher rate of
low-level vitamin B12 than others, and patients with other comorbid conditions also had low levels
and borderline levels of vitamin B12. Therefore, our study concluded that chronic therapy and higher
doses of metformin may lead to a deficit in serum Vitamin B12, which requires regular checks on
Vitamin B12 among Type 2 DM patients to avoid the risk of Peripheral neuropathy and other
complications.
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