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INTRODUCTION 

Prevalence of Type 2 Diabetes Mellitus (T2DM) is 

increasing all over the globe at an alarming rate. A recent 

survey of International Diabetes Federation reported, 

around 415 million of people with DM in 2015 and further 

projected to rise to about 642 million by 2040.1 It is also 

the most common endocrine disorder accounting for 69.1 

million people with T2DM cases in India, making India 

the diabetes capital of the world.1 T2DM involves several 

factors playing a pioneer role in its progression most 

likely, sedentary lifestyle, dearth of physical exercise, 

increased life expectancy, obesity and earlier diagnosis to 

a certain extent.2 T2DM is driven by series of etiologies 

associated with chronic hyperglycemia and insulin 

resistance.3  

Insulin resistance is the reduced responsiveness of a target 

cell to the insulin concentration to which it is exposed.4 

Important factor associated with an increased risk of 

developing insulin resistance in T2DM is obesity.5 Thus, 

insulin resistance and obesity are the driving force in the 

progression of diabetes, requiring importance in the 

therapy in T2DM. 

American Diabetes Association and the European 

Association for the Study of Diabetes have recommended, 

Metformin as initial medical therapy for T2DM.6 Unlike 
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Background: Several evidences show metformin decreases vitamin B12. 

Diabetics are also at the risk of developing neuropathy which is treated with 

vitamin B12. metformin being initial therapy for diabetic patients, it becomes all 

the more important to know the extent of this decrease. The study was designed 

with the objective to compare the levels of vitamin B12 in patients on metformin 

vis-à-vis on antidiabetic drugs other than metformin and to evaluate the increase 

in vitamin B12 levels after prescribing a combination of metformin and 

mecobalamin, in T2DM patients. 

Methods: Of 500 enrolled, 321 patients completed the study for duration of 6 

months, divided in two periods of 3 months each. At the end first period of 3 

months the vitamin B12 levels were compared form Metformin vs. that of other 

antidiabetics. In second period of 3 months a combination of metformin and 

mecobalamin was given instead of plain metformin and vitamin B12 levels were 

repeated at the end of this period. 
Results: There was reduction in vitamin B12 levels with metformin with levels 

of 272.5pg/ml compared to 714.6pg/ml with other antidiabetics at the end of first 
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period after receiving the combination of metformin and mecobalamin. 

Conclusions: T2DM patients being treated with metformin had a greater risk of 
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Metformin therapy. 
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the other anti-hyperglycaemic agents, metformin is 

reported to show improvements in cardiovascular (CV) 

morbidity and mortality, which is a one of the major cause 

of death in patients with T2DM.7,8 It is known that 

metformin demonstrates an effect of hepatic 

gluconeogenesis suppression.9 Further, reduction in serum 

glucose is also a consequence of its action on several 

tissues via activation of the adenosine monophosphate-

activated protein kinase (AMPK) system, reducing insulin 

resistance.9 Additionally, metformin has beneficial effects 

on carbohydrate metabolism, weight loss, and vascular 

protection.10 Despite its known efficacy and satisfactory 

safety profile, it has non-negligible side effect such as 

decreased serum vitamin B12 levels. The magnitude of 

decrease in serum vitamin B12 concentration associated 

with metformin therapy, is directly proportional to the 

dose of metformin used.11 The prevalence of B12 

deficiency varies from 5.8% to 30% among patients 

undergoing long-term treatment with Metformin.12,13 

The actual mechanism behind vitamin B12 deficiency 

associated with metformin therapy is yet not clear. There 

are certain postulations demonstrating that vitamin B12 

deficiency is due to either alteration in small bowel 

motility, which stimulate small bowel bacterial 

overgrowth and/or by decreasing vitamin B12 

absorption.14,15 Drop in vitamin B12 concentrations in 

turn, might results in rise in homocysteine (Hcy) 

concentrations, an independent risk factor for 

cardiovascular disease, particularly among individuals 

with T2DM.16 

Vitamin B12 is one of the vital nutrients required for the 

proper functioning of the nervous system, cardiovascular 

system and hemopoesis.17,18 Apart from causing 

megaloblastic anemia, vitamin B12 deficiency may also 

increase the severity of peripheral neuropathy in patients 

with T2DM. Diabetic peripheral neuropathy (DPN) is the 

common complication seen with hyperglycemic patient, 

with annual incidence rate ~2 %.19 The pathology of 

diabetic neuropathy encompasses series of stress factors 

likely, oxidative stress, advanced glycation end products, 

polyol pathway flux and protein kinase C activation.20 

Moreover, vitamin B12 decrease due to metformin would 

further aggravate neuropathy which is already seen in the 

diabetic patient.  

mecobalamin is the neurologically active form of vitamin 

B12.21 It is claimed to relieve clinical symptoms and signs 

of DPN thus, improving the nerve conduction velocity and 

quality of life.22 Interestingly, this methyl-base-attached 

cobalamin (methycobalamin) has a special affinity for 

nerve tissues to promote myelination and transport of 

axonal cytoskeleton which has significance in nerve 

repair.23 

The current study was designed with an objective to 

compare the levels of vitamin B12 in patients on 

metformin vis-à-vis on antidiabetic drugs other than 

metformin and to evaluate the increase in vitamin B12 

levels after prescribing a combination of metformin and 

mecobalamin, in T2DM patients. 

METHODS 

A systematic, multi-centered, comparative clinical study 

was planned with the abovementioned dual objective. This 

study was conducted at 21 centers across India. A total of 

500 T2DM patients were recruited for the study. This 

study was conducted from October 2015 to November 

2016. 

Inclusion and exclusion criteria 

This study included patients of both the gender having age 

between age ≥18 years. Patients with confirmed diagnosis 

of T2DM and were previously on Metformin or any other 

antidiabetic therapy were included in the study. Only the 

patients who would strictly adhere to the protocol were 

recruited for the study. Type I Diabetes Mellitus patients 

were generally excluded from the study. Patients with 

hypersensitivity to the individual study drugs, patients 

having hepatic and renal impairment were also excluded. 

This study also excluded pregnant, lactating women and 

patients with any evidence of psychological disorder. 

Study drug 

A tablet containing a combination of metformin 

500mg+mecobalamin 750 mcg was provided by the 

sponsor free of cost to the patient. Study drug was 

administered as one tablet which was taken 2 times in a 

day at 12 hourly intervals during meals with a glass of 

water. 

Study procedure 

The study duration was decided to be 6 months which was 

divided into two periods of 3 months each. Patients 

satisfying the inclusion and exclusion criteria were 

recruited for the study. A detailed medical history was 

taken and physical examination (including the vital signs, 

systemic and general examination) was conducted by the 

investigators. In the first period of 3 months’ patient 

continued to take their medicines as prescribed by the 

physician either metformin or antidiabetic drugs other than 

metformin. Serum vitamin B12 levels were done after this 

period of 3 months. The study concluded for patients who 

were on antidiabetic drugs other than metformin. For the 

patients who were on metformin the second period of 3 

months began. These patients were dispensed 180 tablets 

of the study drug (3 months therapy) by the investigator. 

Patients were asked to maintain a symptoms diary and note 

any adverse events occurring during the entire study 

duration. Three visits were planned for the patients 

recruited in this study–V1 (0-month visit), V2 (3-month 

visit) and V3 (6 month visit only for the patients in the 

Metformin group). Change in vitamin B12 levels and 

adverse events occurring were noted during each visit 

along with medical history and clinical examination. 
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Investigators were asked to discontinue the study drug in 

case of severe adverse event and with discretion in case of 

mild to moderate adverse events (Table 1). 

Table 1: Visits by both the groups (group A and group B). 

  Group A (other antidiabetic drugs group) Group B (metformin group) 

Visit 1 (0 month) Medical history and clinical examination Medical history and clinical examination 

Visit 2 (3 months) Vitamin B12 levels; end of study 
Vitamin B12 levels; dispensing of combination 

of Metformin and mecobalamin 

Visit 3 (6 months) - Vitamin B12 levels; end of study 

 

Efficacy assessment 

Efficacy assessment was done by measuring the vitamin 

B12 level at the study visits 2 and 3 (only for group B). 

Primary and secondary parameters were evaluated. 

Primary parameters included-(a) effect of Metformin and 

other anti-diabetic therapy on serum vitamin B12 levels 

and (b) effect of the combination of metformin and 

mecobalamin on serum vitamin B12 levels. Secondary 

parameters included-(a) percentage of patients having 

vitamin B12 deficiency (<200pg/ml) with metformin 

monotherapy and (b) percentage of patients with double 

serum vitamin B12 levels after switch of Metformin and 

mecobalamin combination in 3 months. 

Safety assessment 

Adverse events occurring during the clinical trial were 

noted in the case record forms and analyzed. 

Concomitant therapy 

Pharmacological intervention and medication including 

other antidiabetics, anti-cholesterol and anti-hypertensives 

were allowed during the study duration. No other multi-

vitamin and multi-mineral was allowed during the study 

interval. Non-Pharmacological interventions like exercise 

and proper diabetic diet intake at regular intervals were 

allowed and encouraged during the study duration. 

All the patients involved in this clinical study signed an 

informed consent form. The protocol of the study was 

approved by the institutional ethics review board and with 

the 1964 Helsinki declaration and its later amendments or 

comparable ethical standards.  

Statistical analysis  

All the patients who completed the study were included in 

the efficacy analysis set. The data was recorded and 

analyzed using statistical test comparisons were performed 

using analysis of covariance (ANCOVA).  

 

RESULTS 

A total of 500 patients were recruited at 21 centres across 

India, 321 patients completed the study and were analyzed. 

179 patients were lost to follow up (Figure 1). 

 

Figure 1: Schematic representation of study design 

(consort flow chart). 

Efficacy assessment 

Primary parameters 

• Effect of Metformin and other anti-diabetic therapy on 

serum vitamin B12 levels (first period) 

The mean serum B12 concentration was 714.9 pg/ml (P < 

0.05) in those with T2DM on other antidiabetic drugs not 

on Metformin as compared to 272.5 pg/ml in the 

Metformin group (Figure 2), after the end of first period of 

3 months. This difference was statistically significant (p 

<0.05).  

• Effect of metformin and mecobalamin combination 

therapy on serum vitamin B12 levels (second period) 
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Patients in Group B (metformin Group) were given the 

combination of metformin and mecobalamin for second 

period of 3 months and the serum vitamin B12 levels were 

increased to 615.9pg/ml from the level of 272.5pg/ml 

(Figure 3) in the first period of 3 months. This difference 

was statistically significant (p <0.05). 

 

Figure 2: Effect of metformin and other anti-diabetic 

therapy on vitamin B12 levels (first period). 

 

Figure 3: Effect of metformin and mecobalamin 

combination on vitamin B12 levels (second period). 

Secondary parameters 

A study conducted by Carmel et al, defined biochemical 

B12 deficiency as serum levels ≤148 pmol/L, borderline 

deficiency as serum B12 >148 to ≤221 pmol/L, and normal 

as >221 pmol/L.24 Hence, the variation in vitamin B12 

levels were assessed during and after the metformin 

therapy (alone and combination). 

(a) Percentage of patients having vitamin B12 deficiency 

(<200 pg/ml) with Metformin monotherapy 

In 71 patients had low vitamin B12 levels <200 pg/ml at 

baseline with metformin monotherapy which accounted 

for 32 % of patients. None of the patients on antidiabetics 

other than metformin had vitamin B12 deficiency. 

(b) Percentage of patients with double serum vitamin B12 

levels after switch of metformin and mecobalamin 

combination in 3 months  

In 137 patient’s vitamin B12 levels was doubled after 3 

months of metformin and mecobalamin combination 

which accounted for 62 % of patients. This indicated the 

combination was effective in ameliorating the low levels 

of vitamin B12 associated with plain Metformin therapy. 

None of the patients who earlier had vitamin B12 

deficiency when on plain Metformin had vitamin B12 

deficiency after switching to the combination of 

metformin and mecobalamin. 

Safety assessment 

There were no serious adverse events reported during the 

study. The adverse events of this study are reported in 

Table 2.  

Table 2: Adverse events occurred during study. 

Adverse events Incidences (%) 

Flatulence 22 (10%) 

Gastritis and heart burn 20 (9%) 

Diarrhoea 15 (7%) 

Constipation 6 (3%) 

Anorexia 4 (2%) 

Hypoglycemia 2 (1%) 

None of the patients had to discontinue the study 

medication due to the reported adverse events.  

DISCUSSION 

This multi-centered comparative study conducted in 

T2DM patients, to the authors knowledge this was the first 

comparative clinical trial to study the effects of metformin 

and other antidiabetic drugs on serum vitamin B12 in 

Indian patients. Indian patients being vegetarian or mostly 

vegetarian have more tendencies to develop vitamin B12 

deficiency.25  

Moreover, there are studies stating metformin in short and 

long-term therapy is associated with deficiency of vitamin 

B12.13,26 Thus it becomes important to know the effect of 

metformin in on serum vitamin B12 levels in Indian 

patients. Further, these are no studies comparing the effects 

of combination of metformin and mecobalamin on serum 

vitamin B12 levels with that of plain metformin therapy in 

T2DM patients, in the author’s knowledge. This study was 

two pronged, first of its kind conducted in 321 Indian 

T2DM patients.  
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This study documents metformin as a cause for decreased 

levels of vitamin B12 as the metformin group in the first 

period of 3 months had significantly lower levels of serum 

vitamin B12 as compared to the group with antidiabetic 

drugs other than metformin. Nearly 1/3rd of the patients in 

the metformin group had deficiency of vitamin B12 (levels 

less than 200 pg/ml). Upon changing metformin to a 

combination of metformin and mecobalamin during second 

period of the study the levels of serum vitamin B12 

increased significantly and in nearly 2/3rd patients the 

levels doubled.  

Bauman WA et al, in a 21-patient study have proved the 

decrease of serum vitamin B12 by 29.5% (p <0.0005) in 

just 3 months, which is a short duration of therapy with 

metformin.27 Most of the patients of T2DM have to take 

antidiabetic drugs including Metformin for lifetime. 

Wulffele et al, conducted a 16-week study on 745 T2DM 

patients resulting in decrease of serum vitamin B12 levels 

from 390.1 pg/ml to 332.6 pg/ml with an additional 

increase on homocysteine of 4%.28  

Similarly, in long-term studies, Jagger J et al in a 390 

T2DM placebo controlled trial for 4.3 years, showed 

Metformin had higher chances of vitamin B12 deficiency 

and raised homocysteine levels.2 Hermann et al, in another 

long-term study for 12 months showed significantly 

(p<0.01) lower levels of serum vitamin B12 levels 

(289pg/ml) as compared to other antidiabetic drugs 

(395pg/ml).29 

Damião CP et al, conducted a cross sectional clinical trial 

with 462 T2DM patients on metformin in Brazil.30 The 

study demonstrated vitamin B12 deficiency in 22.5% of 

patients on metformin as compared to 7.4% of controls. 

The mean serum vitamin B12 was 272 pg/ml and was 

significantly (p <0.001) lower than controls with 348 

pg/ml. In another cross-sectional study by Qureshi et al., 

documented a high prevalence of vitamin B12 deficiency 

of 33 % among adult patients with T2DM. However, 

patients enrolled in this study were those who were on high 

dose (>2 g/day) and long-term (4 years) metformin 

treatment, both clinical factors known to be associated with 

vitamin B12 deficiency.31  

Additionally, Wile DJ et al, in a prospective case-control 

study conducted with 122 T2DM patients demonstrated 

Metformin treated patients had depressed cobalamin levels 

(231 pmol/L vs. 436 pmol/L for controls; p <0.001) and 

elevated fasting methylmalonic acid (MMA) and 

homocysteine levels.26 Cobalamine deficiency was seen in 

31% of patients on Metformin as opposed to 3% in case of 

controls (p<0.001). this decrease and deficiency of 

cobalamin further translates to neuropathy with NIS score 

of 10 in metformin group and 4 in the control group (p 

<0.001).  

Vitamin B12 or mecobalamin treatment would possibly 

correct the deficiency state and reverse the related 

neuropathy, caused due to Metformin. A meta-analysis 

involving 1949 patients indicated that mecobalamin 

showed significantly positive effects on the improvement 

of the signs and symptoms of DPN and the effects were 

better than the other vitamin B agents. Also, the increase of 

nerves conduction velocities by mecobalamin was better 

than by the other vitamin B supplements.22 The study also 

demonstrated that deficiency of vitamin B12 with 

metformin as first-line therapy drug can progress to series 

of etiologies and thus, supplement with vitamin B12 can be 

rational. 

Thus, present study may prove that the combination of 

metformin and mecobalamin has a role in the treatment of 

T2DM, to attenuate the vitamin B12 decrease caused by 

plain Metformin. Also, the combination would increase the 

vitamin B12 levels in the body leading to betterment in the 

symptoms of DPN.  

Limitations 

Limitations of our study include the fact that we measured 

only total serum vitamin B12 levels and not levels of 

holotranscobalamin II or methylmalonic acid or 

homocysteine. Another limitation of our study would be 

that we did not test clinical neuropathy and betterment in 

neuropathy symptoms, but this was beyond the scope of 

our study. 

CONCLUSION 

In conclusion, we showed that in patients with T2DM 

being treated with Metformin alone had a greater risk of 

reduction in vitamin B12 levels. Moreover, addition of 

vitamin B12 in the form of mecobalamin would decrease 

the reduction in vitamin B12 levels associated with 

metformin therapy. Current guidelines throw light on 

metformin, a cornerstone in the treatment of T2DM, but 

make no recommendations on the detection and prevention 

of vitamin B12 decrease during metformin treatment. The 

findings of this current study provided a strong case for 

predictable assessment of vitamin B12 levels during 

treatment with Metformin. 
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