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INTRODUCTION 

Diabetes mellitus is one of the most common endocrine 

disorder and leading cause of death and disability in the 

world. The worldwide prevalence has risen dramatically 

over the past two decades and India is the global capital 

of diabetes.1 Amongst the major complications of T2DM, 

lower extremity amputation and diabetic kidney disease 

(DKD) are the most ominous complications. Metformin 

is first line and cornerstone amongst the recommended 

treatment for T2DM.2,3 Folate and vitamin B12 

deficiencies occur primarily as a result of insufficient 

dietary intake especially in elderly and poor absorption.4 

Metformin treatment in T2DM is associated with vitamin 
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ABSTRACT 

 

Background: Metformin is first line of treatment in type 2 diabetes mellitus (T2DM). It has been reported to be 

associated with vitamin B12 deficiency with variable results in various studies. The aim of our study is to correlate 

metformin use and vitamin B12 levels in patients of T2DM with high prevalence in Sub-Himalyan region of north 

India.  

Methods: The study was conducted from August 2017 to July 2018 enrolling 124 patients, aged 18 years and above 

with T2DM taking metformin treatment for >4 months. Vitamin B12 levels were estimated and the levels <200, 200-

300 and >300 pg/ml were defined as having definite deficiency, borderline deficiency and normal levels respectively. 

Results: A total of 124 patients included 66 (53.2%) male and 58 (46.8%) female patients with T2DM on metformin 

treatment. The mean vitamin B12 level was found significantly low, 176.23±60.96 pg/ml and 18 (14.5%) patients 

were found to have significant vitamin B12 deficiency and 8(6.5%) patients, borderline deficiency in longer duration 

of metformin use for >10 years (p<0.001). Vitamin B12 deficiency was found significantly more in 14 (11.3%) 

patients taking lower doses ≤1000 mg/day of metformin compared to higher doses, a negative correlation. Peripheral 

neuropathy was significantly present in 15.3% of patients in metformin induced vitamin B12deficiency.  

Conclusions: Vitamin B12 deficiency was found to be significantly correlated to longer duration of metformin 

treatment and neuropathy in T2DM but negatively correlated to higher doses of metformin. Therefore, we recommend 

the assessment and supplementation of vitamin B12 in metformin use in T2DM, compromising financial burden but 

not the outcome of its deficiency.  
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B12 deficiency as one of its side effects.5,6 Apart from the 

clinical benefits metformin has been reported with high 

prevalence of vitamin B12 deficiency in some studies.7,8 

Longer duration and higher doses of metformin use in 

treatment of T2DM were associated significantly with 

B12 deficiency.9-11 22% prevalence of metabolically 

confirmed vitamin B12 deficiency in T2DM population 

was found.12 Metformin is associated with increase risk 

factors for vitamin B12 deficiency.13,14 The mechanism 

suggested for metformin induced vitamin B12 deficiency 

includes, alteration in small bowl motility leading to 

bacterial overgrowth and inhibition of vitamin B12 

absorption, alteration in intrinsic factor levels, interaction 

with the cubulin endocystic receptor and inhibition of the 

calcium dependent absorption of vitamin B12 and 

intrinsic factor (IF) complex at terminal ileum.8,15,16 

Metformin induced decrease in vitamin B12 starts as 

early as the 4th month, the clinical features of vitamin 

B12 deficiency become clinically evident by the 5 years 

due to delayed depletion of liver stores.15,16 Vitamin B12 

is involved in DNA synthesis, fatty acid metabolism and 

energy production and is essential for normal functioning 

of haemopoetic, neurological and vascular system.17,18 It 

mediates its effects by methylation of homocystine to 

methionine and donation of methyl group.18,19 Vitamin 

B12 deficiency mainly leads to megaloblastic anemia, 

pancytopenia, subacute combined degeneration of spinal 

cord and peripheral neuropathy.19,20 India has high 

prevalence of T2DM and also of vitamin B12 deficiency 

due to nutritional deficiency and other causes.21 A study 

from India reported negative correlation between 

metformin use and vitamin B12 levels and that the 

supplementation of vitamin B12 was not necessary and 

reduced the financial burden.22 Therefore, we are more 

interested and aim to further correlate metformin use in 

treatment of T2DM and vitamin B12 levels through this 

study in Sub-Himalayan region of north India.  

METHODS 

The study was conducted from August 2017 to July 2018 

in Indira Gandhi Medical College and Hospital Shimla, a 

tertiary care centre in the state of Himachal Pradesh in 

Sub-Himalayan region of north India in Asian continent. 

A total of 124 patients admitted with T2DM were 

studied. 

Inclusion criteria 

• Patients aged 18 year and above of both sexes,  

• Patients fulfilling WHO criteria for diagnosis as 

having T2DM with fasting blood sugar ≥126 mg % 

or blood sugar > 200 mg %, 2 hours after glucose 

challenge and  

• With T2DM taking metformin for >4 months were 

included in the study.  

Exclusion criteria 

• Patients with aged <18 years,  

• Not consenting  

• The patients of T2DM with preexisting vitamin B12 

anemia, on vitamin B12 supplementation, celiac 

disease, kidney disease, liver disease, thyroid 

disease, gastro-intestinal surgeries and non 

consenting were excluded from the study.  

Approval from ethical committee was accordingly 

obtained for the study. Details of patients including doses 

and duration of metformin use and investigations were 

determined. Vitamin B12 levels were estimated in fasting 

blood samples by Chemiluminescent microparticle 

immunoassay and defined as having definite deficiency 

(<200 pg/ml), border line deficiency (200-300 pg/ml) and 

normal levels (>300 pg/ml).  

Statistical analysis  

All the data were entered in Excel Sheet and statistical 

analysis was performed using EPI info version 7. Data 

were expressed in frequency and percentages. Categorical 

variables were compared using Chi Square test (χ2) and 

means compared using ANOVA. For all comparison p 

value <0.05 was considered significant. 

RESULTS 

A total of 124 patients with T2DM included 66 (53.2%) 

male and 58 (46.8%) female patients with age ranging 

from 36 to 83 years and mean age of 57.75±10.48, 

58.41±10.57 and 57±10.42 years respectively. The 

patients revealed mean vitamin B12 level of 

365.02±190.46 pg/ml, 382.50±213.52 pg/ml in males and 

345.14±159.79 pg/ml in females (Table 1).  

The patients were grouped into ≤50, 51-65, and >65 years 

of age groups and corresponding mean vitamin B12 

levels were 466±203.19 pg/ml, 379.01±178.22 pg/ml and 

236.29±135.43 pg/ml, and definite vitamin B12 

deficiency (<200 pg/ml) was found in 1(0.8%), 8 (6.5%) 

and 15 (12.1%) patients, respectively (Table 2). Vitamin 

B12 deficiency in metformin use was found significantly 

progressively increasing with increasing age, maximum 

in elderly >65 years (p <0.001). Definite vitamin B12 

deficiency (<200 pg/ml) was found in 24 (19.4%), 

borderline (200-300 pg/ml) in 21(16.9%) and normal 

(>300 pg/ml) in 79 (63.7%) patients of metformin use. 

In longer duration of metformin use >10 years, all the 26 

(21%) patients were found to have vitamin B12 

deficiency in 18 (14.5%) patients and borderline 

deficiency in 8 (6.5%) patients. In the groups of ≤5,5-10 

and >10 years of duration of metformin use, the 

corresponding mean vitamin B12 levels were 

439.69±184.21, 383.67±175.15 and 176.23±60.96 pg/ml 

and vitamin B12 deficiency was found in 2 (1.6%), 4 

(3.2%) and 18 (14.5%) patients respectively (Table 3). 

The mean levels of vitamin B12 were found decreasing 

leading to significantly increasing definite B12 deficiency 

with increasing duration of metformin use (p < 0.001). 
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Table 1: Characteristics of study patients. 

 

Characteristics   
Sex  Total (n=124) 

  

p value 

  Female (%)  Male (%)  
FBS (mg/dl) 157.84±62.67 152.0±70.20 154.73±66.58 0.628 

HbA1c (%) 9.26±1.95 8.82±2.27 9.0±2.14 0.251 

Hemoglobin (gm/dl) 13.51±2.57 13.45±2.65 13.47±2.55 0.956 

Age groups (years) 

≤50  12(9.6) 14(11.2) 26(21.0) 

0.99  
51-65 33(26.6) 37(29.8) 70(56.4) 

>65 13(10.4) 15.(12.2) 28(22.6) 

Total 58(46.8) 66(53.2) 124(100) 

Mean (years) 57±10.42 58.41 ± 10.57 57.75 ± 10.48 0.45 

Mean vitamin B12 (pg/ml)   345.14±159.79 382.50±213.52 365.02±190.46 0.278 

Duration of metformin 

intake (years) 

≤5 26(21.0) 29(23.4) 55(44.4) 

0.866 5.1-10  21 (16.9) 22 (17.7) 43 (34.7) 

>10  11 (8.9) 15 (12.1) 26 (21.0) 

Metformin dose (mg/day) 

≤1000  23 (18.5) 18 (14.5) 41 (33.1) 

0.006* 1001 - 1500  5 (4.0) 21 (16.9) 26 (21.0) 

1501 - 2000  30 (24.2) 27 (21.8) 57.(46.0) 

Table 2: Correlation of serum levels of vitamin B12 and age groups.  

Vitamin B12 (pg/ml) 
Age groups 

Total p value 
≤50 years 51-65 years >65 years 

<200 1 (0.8%) 8 (6.5%) 15 (12.1%) 24 (19.4%) 

<0.001* 
200-300 4 (3.2%) 12 (9.7%) 5 (4.0%) 21 (16.9%) 

>300 21 (16.9%) 50 (40.3%) 8 (6.5%) 79 (63.7%) 

Total 26 (21.0%) 70 (56.5%) 28 (22.6%) 124 (100%) 

Mean vitamin B12 466±203.19 379.01±178.22 236.29±135.43 365.02±190.466 <0.001* 

Table 3: Correlation between serum levels of vitamin B12 and duration of metformin use. 

Vitamin B12 

(pg/ml) 

Duration of metformin use 
Total p value 

≤5 years 5-10 years >10 years 

<200 2 (1.6%) 4 (3.2%) 18 (14.5%) 24 (19.4%) 

<0.001* 
200-300 6 (4.8%) 7 (5.6%) 8 (6.5%) 21 (16.9%) 

>300 47 (37.9%) 32 (25.8%) 0 (0.0%) 79 (63.7%) 

Total 55 (44.4%) 43 (34.7%) 26 (21.0%) 124 (100.0%) 

Mean vitamin B12 439.69±184.21 383.67±175.15 176.23±60.96 365.02±190.466 <0.001* 

 

In the groups of metformin doses of ≤1000, 1001-1500 

and 1501-2000 mg/day, the corresponding mean B12 

levels were 339.49±218.95, 316.42±160.07 and 

405.566±175.35 pg/ml and the vitamin B12 deficiency 

was found in 14 (11.3%), 7 (5.6%) and 3 (2.4%) patients 

respectively. Higher mean vitamin B12 level was found 

in higher doses of 1501 - 2000 mg/day (Table 4). There 

was significant vitamin B12 deficiency associated with 

lower doses of ≤1000 mg/day compared to higher doses 

(p<0.001). A negative correlation between mean B12 

levels, definite and borderline vitamin B12 deficiency 

and higher doses of metformin was observed as depicted 

graphically (Figure 1 and 2). Non significant dip of mean 

vitamin B12 level (316.42±160.07 pg/ml) seen in slightly 

higher doses of 1001-1500 mg/day but again rising to 

mean vitamin B12 level (405.56±175.35 pg/ml) in further 

higher doses of 1501-2000 mg/day and almost straight 

lines of mean vitamin B12 deficit and borderline levels 

revealed negative correlation to higher doses (Figure 2). 

The patients with significant vitamin B12 deficiency 

were found in elderly >65 years, longer duration >10 

years and lower doses of ≤1000 mg/day of metformin use 

(Table 2, 3 and 4). 
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Table 4: Correlation between serum levels of vitamin B12 and metformin dose.  

Characteristics  

 

Metformin dose Total 

(n=124) 

p 

value ≤1000 mg/day 1001-1500 mg/day 1501-2000 mg/day 

Age (years) 61.29±11.92 58.77±6.79 54.74±10.02 57.75±10.05 0.007* 

HbA1c (%) 8.61±1.56 9.03±2.34 9.31±2.36 9.02±2.14 0.276 

Metformin 

duration  

>10 years 16 (13%) 8 (6.5%) 2 (1.6%) 26 (21%) <0.001

* <10 years 25 (20.2%) 18 (14.5%) 55 (44.4%) 98 (79%) 

Vitamin 

B12 

(pg/ml) 

<200 14 (11.3%) 7 (5.6%) 3 (2.4%) 24 (19.4%) 

0.001* 
200-300 8 (6.5%) 6 (4.8%) 7 (5.6%) 21 (16.9%) 

>300 19 (15.3%) 13 (10.5%) 47 (37.9%) 79 (63.7%) 

Total 41 (33.1%) 26 (21.0%) 57 (46.0%) 124 (100.0%) 

Mean 339.49±218.95 316.42±160.07 405.566±175.35 365.02±190.46 0.081 

 

 

Figure 1: Correlation between metformin dose and 

B12 deficiency. 

 

Figure 2: Correlation between metformin dose and 

B12 levels. 

Peripheral neuropathy was observed in 28 (22.6%) in 

metformin use. It was present in 19 (15.3%) patients and 

absent in 5 (4%) patients in metformin induced vitamin 

B12 deficiency (Figure 3). 

 

Figure 3: Correlation between serum levels of vitamin 

B12 and periphera neuropathy. 

DISCUSSION 

Metformin induces vitamin B12 deficiency which, in 

turn, leads to number of clinical conditions mainly 

memory impairment, peripheral neuropathy, subacute 

combined degeneration of spinal cord, megaloblastic 

anemia and pancytopenia.19,20 A significant correlation 

was found between metformin use in treatment of T2DM 

and low vitamin B12 levels in various studies and 

recommended determination and supplementation of 

vitamin B12.23-25 The mean level of vitamin B12 in 124 

patients was 365.02±190.6 pg/ml. Definite deficiency of 

vitamin B12 (<200 pg/ml) in 19.4% patients in this study 

was showing higher prevalence compared to 5.8%, 8.6 % 

and 6.3% in other studies.6,14,26 Authors observation was 

not surprising in view of higher prevalence of vitamin 

B12 deficiency in apparently healthy population in India 

reported as high as 33.3% to 67 %.21 The mean vitamin 

B12 level, 176.23±60.96 pg/ml was significantly low and 

deficiency was significantly correlated to longer duration 

of the metformin use for >10 years duration (p <0.001). 

Authors observation was close to studies by De-Jager et 

al, and, KA Akinlade, et al.9,10 Correlation is explained on 

the basis of depletion of vitamin B12 liver stores which 

are not quickly depleted.15,16 However, lower levels of 
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vitamin B12 was observed in patients taking lower doses 

of metformin ≤1000 mg/day with definite deficiency in 

11.3% patients as compared to 5.6% and 2.4% patients 

taking higher doses of 1001-1500 and 1501-2000 mg/day 

of metformin respectively, a significant negative 

correlation. Authors attributed it to use of higher doses of 

metformin in younger age group with shorter duration for 

strict diabetic control which is evident by higher level of 

HbA1c 9.31±2.36% vs lower level of 8.61±1.56% and 

lesser mean age of patients of 54.74±10.02 years vs. 

higher mean age of 61.29±11.92 years in higher doses of 

1501 to 2000 mg/day vs. lower doses ≤1000mg/day of 

metformin respectively. It was mainly attributed it to use 

of lower doses in long term metformin use in elderly age 

group of patients in view of decreasing glomerular 

filtration rate, add on anti-diabetic drugs and insulin 

therapy.26-28 Conclusively the patients with vitamin B12 

deficiency in longer duration of metformin use in elderly 

age group were found frequently distributed to lower 

doses. As the vitamin B12 deficiency was found 

significantly higher (12.1%) in advanced age group >65 

years and (14.5%) in longer duration >10 years, 

therefore, we observed significant vitamin B12 

deficiency (11.3%) in lower dose ≤1000 mg/day of 

metformin use. Mean vitamin B12 levels were also found 

significantly low 236.29±135.43 pg/ml in advanced age 

group >65 years, 176.23 ± 60.96 pg/ml in longer duration 

>10 years and 339.49±218.95 pg/ml in lower doses 

≤1000 mg/day of metformin use. The negative correlation 

is explained by the fact that liver stores of vitamin B12 

are not quickly depleted and that mechanism for higher 

doses of metformin causing vitamin B12 deficiency is 

also not well understood.10,15,16 The use of sulfonylurea, 

an independent factor for vitamin B12 deficiency, 

initially for strict diabetic control may be contributing 

factor.29 However it has been shown that each gm daily 

intake of metformin caused a ratio of 2.88 increase in the 

risk of developing vitamin B12 deficiency.9,13 Authors 

observation relating to negative correlation, although, 

contrary to, but they do not deny the significant 

correlation of lower levels of vitamin B12 to higher doses 

of metformin in other studies.9,10,13 Apart from above 

explanation, this is also because, duration of metformin 

use is definitely ascertained compared to fluctuating 

doses and add on therapy, which might be a confounding 

factor also contributing to negative correlation in this 

study. The patients revealed mean BMI of 23.55±3.0 and 

23.64±3.50 and HbA1c of 8.90±1.54 and 8.92±0.76 in 

male and females patients respectively in >10 years of 

metformin use compared to the obese patients and higher 

HbA1c in some studies.14,30 Vitamin B12 deficiency in 

15.3% patients due to metformin use was found to be 

significantly associated with peripheral neuropathy in our 

study (p<0.001). Metformin indirectly via vitamin B12 

deficiency was found to increase the neuropathy burden 

in T2DM.31,32 Authors observations do not support the 

findings and recommendation of one of the studies from 

India which reported that the diabetic patients on 

metformin were not having any vitamin B12 deficiency 

and that the supplementation of vitamin B12 in long term 

metformin treatment was not necessary and reduced the 

financial burden.22  

CONCLUSION 

Long term metformin treatment in T2DM is found to be 

significantly correlated to vitamin B12 deficiency and 

peripheral neuropathy, and negatively correlated to 

higher doses, attributed to lower doses in long term 

metformin treatment in advanced age group and add on 

anti-diabetic drugs and insulin therapy. Since our study 

has shown significant correlation of long term metformin 

use and peripheral neuropathy to vitamin B12 deficiency, 

therefore, vitamin B12 levels should be assessed and 

supplemented in use of metformin in T2DM, 

compromising financial burden but not the outcome of 

vitamin B12 deficiency. However, further long term 

study with larger number of subjects exclusively 

designed to ascertain correlation between doses of 

metformin and vitamin B12 levels, needs to be 

conducted.  
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