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INTRODUCTION 
Metformin is widely used antidiabetic drug for patients 
with type 2 diabetes mellitus (T2DM).1 Metformin 
has beneficial effects on carbohydrate metabolism 
and weight loss.2 Metformin related vitamin B12 

deficiency can cause anemia.3 Long- term metformin 
intake causes malabsorption of vitamin B12 in almost 
30% of patients. It may lead to low levels of serum 
vitamin B12 concentration of 14% to 30%.4 Peripheral 
neuropathy may be a side effect of metformin induced 

ABSTRACT 
Background: Metformin is the most commonly used drug for patients with type 2 diabetes mellitus (T2DM) patients. 
Metformin related vitamin B12 deficiency can cause anemia. According to various reports, Long-term metformin 
intake can cause malabsorption of vitamin B12 in almost 30% of patients. It may lead to lower levels of serum 
vitamin B12 concentration in 14% to 30% of cases. Peripheral neuropathy may be a side effect of metformin 
induced vitamin B12 deficiency in patients with T2DM. Each 1000 mg/day of metformin dose increment increases 
the risk of vitamin B12 deficiency significantly. The longer is the duration of treatment with Metformin the higher is the 
risk of vitamin B12 deficiency.
Method: Cross sectional Hospital Based observational Study. Patients attending to OPD and medical wards of National 
Academy of Medical Sciences, Bir Hospital were enrolled in this study. All T2 DM patients of the age group 20-80 
years of both sex who were taking Metformin for a minimum of 3 months duration and at a dose of at least 1000mg/day. 
Determination of serum vitamin B12 level of the patients was determined using high performance liquid chromatography 
(HPLC) in bir hospital. vitamin B12 deficiency was categorized as a serum concentration of <200 pg/dl and borderline 
deficiency as 200–300 pg/dl. Concentrations >300 pg/dl was considered as normal. Pearson’s chi-square tests were used 
to test the differences in the proportion of categorical variables, and independent t-tests was used for evaluating the 
difference between the means of two continuous variables. Pearson correlation analyses were performed to examine the 
linear relationship between serum vitamin B12 and metformin use. Receiver operator characteristic (ROC) curve analysis 
was used to evaluate the relationship between the duration of metformin use and vitamin B12 deficiency and to determine 
the reflection point (cut-off value). The area under the curve (AUC) with 95% confidence interval (CI) was calculated.  
p-values<0.05 was considered to be statistically significant. 
Result: A total of 231 patients were enrolled in this study conducted from June 2019 till July 2020 at National Academy 
of Medical Sciences, Bir hospital, Kathmandu in Nepal. 112 (48.5%) were males and 119 (51.5%) were females. Of all the 
participants, 109 (47.2%) were<60 years of age while 122 (52.8%) were >60 years of age. 193 (83.5%) were non-vegetarians 
and 38 (16.5%) were vegetarians. 177(76.6%) patients were consuming more than 1.5G of metformin daily while 54 (23.4%) 
patients were consuming metformin a dose between 1-1.5G daily. Regarding The duration of metformin consumption, 101 
(43.7%) patients were taking metformin for 1-5 years duration, while 113 (48.9%) patients were taking it for 5-10 years and 
17 (7.4%) patients taking it for less than a year. Among all the patients, vitamin B12 deficiency was found in 108 (43.7%) 
metformin treated patients. Vitamin B12 deficiency were found more > 60 years of age (p-value =0.035) and in regular 
alcohol consumers (p-value =0.009) more often. Metformin dosage (p-value =0.102) or its duration (p-value =0.090) were 
not found statistically associated with vitamin B12 deficiency. Vitamin B12 deficiency was not significantly associated with 
Vegetarians (p-value =0.132) too.
Conclusion: Vitamin B12 deficiency was found in 43.7% of diabetics who were treated with Metformin. The deficiency 
was significantly found among >60 years of age (p-value =0.035) who were regular alcohol consumers (p-value =0.009).

Key words: T2DM; metformin; vitamin B12 status.

Sanjay Kumar Thakur   ,1 Shree Narayan Yadav   ,1  Sukhesh Purush Dhakal   ,1 
Suman Supratik   ,2 Anil Kumar Sah   3

1Department of Medicine, National Academy of Medical Sciences, Bir Hospital, Kathmandu, Nepal, 2Saint Xaviers 
College, Maitighar, Kathmandu, Nepal, 3Annapurna Research Centre, Maitighar, Kathmandu, Nepal.

Vol-3. No. 1, Jan-Jun 2025                 DOI: 10.3126/ijsirt.v3i1.82029                ISSN: 2990-7837 (Online & Print)   

iD iD

iD iD

iD

https://creativecommons.org/licenses/by-sa/4.0/
https://orcid.org/0000-0002-9329-2940
https://orcid.org/0000-0003-2482-5966
https://orcid.org/0009-0008-6226-7217
https://orcid.org/0000-0001-5428-8503
https://orcid.org/0009-0006-7624-3676


IJSIRT ǁ Vol-3 ǁ No. 1 ǁ Jan-Jun 2025 14

vitamin B12 deficiency in patients with T2DM.5 
The dose of metformin also plays significant role in 
reducing the serum levels of vitamin B12.Each 1000 
mg/day of metformin dose increment increases the 
risk of vitamin B12 deficiency.4 Metformin reduces 
vitamin B12 concentration in both long (>3 years) as 
well as short (<3 years) treatment with metformin.1 

But, the longer is the duration of treatment the higher is 
risk of Vitamin B12 deficiency. Studies have revealed 
that vitamin B12 levels of metformin treated T2DM 
patients for more than 4 years were significantly 
lower than control (MD, 2152.2 pg/mL; 95%CI, 2220 
to 284 pg/mL, P, 0.0001).1 While few other studies 
have reported that it may or may not lower vitamin 
B12 level. B12 deficiency is a silent epidemic with 
serious consequences. Long term use of metformin 
has been associated with malabsorption of vitamin 
B12 leading to its deficiency. The south Asian due 
to cultural, religious and food habits who rely on 
vegetarian diet mostly are at higher risk of developing 
vitamin B12 deficiency than other part of the world. 
Thus, we designed this study to assess the status of 
vitamin B12 in type 2 diabetes mellitus patients on 
metformin therapy who are attending hospitals in the 
central (Kathmandu) and peripheral (Saptari) regions 
of Nepal. In our context, in Nepal, no consensus has 
been reached on whether metformin induces vitamin 
B12 reduction. We therefore wanted to assess the 
association between metformin and vitamin B12 
reduction especially among different subgroups of 
the patients who are at risk of developing vitamin 
B12 deficiency in terms of their age, sex, ethnicity, 
food habits along with metformin therapy in Type 2 
diabetics.

METHODS
Cross sectional Hospital Based observational Study. 
Patients attending to OPD and medical wards of 
National Academy of Medical Sciences, Bir Hospital, 
Kathmandu, Nepal.
Sample Size Calculation n = (Za

2) (P) (Q)/d2

Where, n = required sample size, Za = z variates 
corresponding to desired reliability level (1.96 for 
95% reliability)
P=estimated proportion in the population, Q=100-P 

(if P is in %), d=maximum tolerable error=10% of P, 
P=30%. (Ting RZ, et al have mentioned in their study 
“Risk factors of vitamin B12 deficiency in patients 
receiving metformin” published in Arch Intern Med 166: 
1975–1979 and have reported that reduction of serum 
vitamin B12 concentration occurs in 14% to 30%).4

Thus, n = (1.96)2 X 0.3 X 0.7/0.032 
          n=233
Inclusion Criteria
1.	 T2 DM patients of the age group 20-80 years of 

both sex and are on Metformin.
2.	 Duration of treatment with metformin for a 

minimum of 3 months.
3.	 Dosage of metformin of at least 1000mg/day.
Exclusion Criteria
1.	 Newly diagnosed Type 2 Diabetic Patients with 

any co existing cause for B12 deficiency.
2.	 Pregnant ladies and Type 2 Diabetic Patients on 

other drugs.
3.	 Malabsorption syndromes and Pernicious anemia, 

prior vitamin B12 injections, gastrectomy, 
colectomy, inflammatory bowel disease, and 
strict vegetarianism (Vegan).

4.	 Patients with any severe medical illness, such 
as sepsis, severe infection, malignancy, liver 
cirrhosis, heart failure, or renal failure (serum 
creatinine levels > 1.7 mg/dL for men and > 1.5 
mg/dL for women).

Sample collection and storage: After an overnight 
fast of about 8-10 hours, 5 ml of venous blood was 
collected from each participant and dispensed into 
plain bottles. The samples were allowed to retract and 
then spun at 4000 rpm for 10 minutes to obtain serum 
samples which were kept at –200C until analysed for 
vitamin B12 level.
Determination of serum vitamin B12 level: Serum 
vitamin B12 levels of the patients were determined 
using high performance liquid chromatography 
(HPLC) in bir hospital. Vitamin B12 deficiency was 
defined as a serum concentration of <200 pg/dl and 
borderline deficiency as 200-300 pg/dl. Concentrations 
>300 pg/dl were considered as normal. The serum 
vitamin B12 was quantified by chemiluminescent 
enzyme immunoassay. The blood glucose level was 
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measured using an automated enzymatic method, 
and the HbA1c level was determined by high-
performance liquid chromatography.5 SPSS version 
16 was used for analysis. Clinical characteristics and 
parameters were expressed as the mean ± standard 
deviation (SD), or numbers (percentage). Pearson’s 
chi-square tests were used to test the differences in the 
proportion of categorical variables, and independent 
t-tests was used for evaluating the difference between 
the means of two continuous variables. Pearson 
correlation analyses were performed to examine the 
linear relationship between serum vitamin B12 and 
metformin use. The variables were analysed using 
univariate analysis, and the multivariate analysis 
depending on the variables and their associations to 
examine. Multiple logistic regression analysis was be 
performed to assess the independent predictive effect 
of the variables on the risk for vitamin B12 deficiency. 
Receiver operator characteristic (ROC) curve analysis 
was used to evaluate the relationship between the 
duration of metformin use and vitamin B12 deficiency 
and to determine the reflection point (cut-off value). 

The area under the curve (AUC) with 95% confidence 
interval (CI) was calculated. p-values<0.05 were 
considered to be statistically significant.       

RESULTS
A total of 231 patients were enrolled in this study 
conducted between June 2019 and July 2020 at 
National Academy of Medical Sciences, Bir hospital, 
Kathmandu in Nepal. 112 (48.5%) were males and 
119 (51.5%) were females. Of all the participants, 
109 (47.2%) were<60 years of age while 122 (52.8%) 
were >60 years of age. 193(83.5%) were non-
vegetarians and 38 (16.5%) were vegetarians.177 
(76.6%) patients were consuming more than 1.5G 
of metformin daily while 54 (23.4%) patients were 
consuming metformin a dose between 1-1.5G daily. 
Regarding The duration of metformin consumption, 
101 (43.7%) patients were taking metformin for 
1-5 years duration, while 113 (48.9%) patients were 
taking it for 5-10 years and 17 (7.4%) patients taking 
it for less than a year. Among all the patients, 
vitamin B12 deficiency were found in 108 

Table 1. Duration of Metformin intake and vitamin B12 status.

Serum Vitamin B12 status
Duration of metformin intake

Total
1-5 year 5-10 year <12 months

Vitamin B12 deficiency 41(38.0%) 61(56.5%) 6(5.6%) 108(100.0%)
Normal 60(48.8%) 52(42.3%) 11(8.9%) 123(100.0%)
Total 101 (43.7%) 113 (48.9%) 17(7.4%) 231(100.0%)

p-value =0.09, Vitamin B12 is not significantly associated with duration of diabetes.

p-value =0.102, Vitamin B12 is not significantly associated with metformin dose.

p-value =0.009, Vitamin B12 deficiency is significantly associated among alcohol consumers. Here, - : no alcohol 
consumption, +: social alcohol consumption, ++: more than 3 times a week alcohol consumption, +++: almost 
daily alcohol consumption.

Table 2. Metformin dosage and vitamin B12 status.

Serum Vit.B12 status Metformin Dose Total1 G -1.5 G >1.5 G
Vitamin B12 deficiency 20(18.5%) 88(81.5%) 108(100.0%)
Normal 34(27.6%) 89(72.4%) 123(100.0%)
Total 54(23.4%) 177(76.6%) 231(100.0%)

Table 3. Alcohol consumption and B12 status.

Serum vitamin B12 status Alcohol Total- + ++ +++
Vitamin B12 deficiency 0 46(42.6%) 2(1.9%) 60(55.6%) 108(100.0%)
Normal 6(4.9%) 69(56.1%) 2(1.6%) 46(37.4%) 123(100.0%)
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(43.7%) metformin treated patients. Vitamin 
B12 deficiency were found more > 60 years 
of age (p-value =0.035) and in regular alcohol 
consumers (p-value =0.009). Metformin dosage 
(p-value =0.102) or its duration (p-value =0.090) 
were not found statistically associated with 
vitamin B12 deficiency. Vitamin B12 deficiency 
was not significantly associated with vegetarian 
(p-value =0.132).

=0.035) and who were involved in regular alcohol 
consumption (p-value =0.009). Metformin dosage 
(p-value =0.102) or its duration (p-value =0.090) 
were not found statistically associated with vitamin 
B12 deficiency. Vitamin B12 deficiency was not 
significantly associated with vegetarian (p-value 
=0.132) either. On contrary to these findings, various 
other studies on literature reviews have shown that 
the prevalence of metformin induced vitamin B12 
deficiency is very high while few other studies have 
shown that there is no or minimum effect of Vitamin 
B12 deficiency among chronic metformin users.

Metformin which delays glucose absorption, by 
reducing small bowel motility.6 According to some 
study reviews, GI effects are more frequently observed 
in patients while they are on metformin treatment. 
Metformin also induces B12 malabsorption which 
leads to defect in binding of B12-intrinsic factor (IF) 
complex and a reduction of B12 absorption.6 Also, 
metformin related alterations in IF levels and/or ileal 
morphological structure led to B12 reduction since 
the B12-IF complex binds to the ileal cell surface 
receptor.7,8 There has been conflicting reports on the 
clinical significance of biochemical change in serum 
vitamin B12 concentrations. Some studies showed that 
lower serum B12 concentration caused by metformin 
within the normal range could be clinically meaningful 
while others show no conclusive clinical side effects. 
A Greek cohort including 600 diabetic patients 
showed association between metformin prescription 
and vitamin B12 dependent megaloblastic anemia.3 
Cognitive impairment and the progression of diabetic 
peripheral neuropathy may also be accelerated by 
metformin in a vitamin B12 dependent manner.9 
So, it was implied that the decrease of serum B12 
concentration within the normal range should not 
be overlooked1.However, some studies showed that 
metformin may even improve B12 metabolism10, 
or only decreases the inactive form of vitamin B12 
(known as holo- haptocorrin, holoHC), rather than the 
biological active form (known as holo-haptocorrin, 

Table 4. Age group and vitamin B12 status.
Serum Vitamin 
B12 status

Age
Total

<60yr >60yr
Vitamin B12 
deficiency 43(39.8%) 65(60.2%) 108(100%)

Normal 66(53.7%) 57(46.3%) 123(100%)
Total 109(47.2%) 122(52.8%) 231(100%)

p-value =0.035, Significantly associated with age 
group and vitamin B12 levels.

DISCUSSION
This observational study tried to find out the 
magnitude of the problem of vitamin B12 deficiency 
among Metformin treated diabetic patients in Nepal. 
The study also tried to analyze the risk of deficiency 
in high-risk sub group populations. The study enrolled 
231 participants for about 12 months. All of them 
were T2DM patients taking Metformin since at least 3 
months and greater duration at a minimum daily dosage 
of 1 gram or more. The parameters recorded were 
age, gender, serum levels of vitamin B12, Metformin 
dose and duration, vegetarian/non-vegetarian status, 
alcohol consumption habits etc. Metformin related 
vitamin B12 deficiency was significantly being 
influenced by increasing age, especially who were 
regular alcohol consumers. However, apart from this 
special sub group of population, the risk of vitamin 
B12 deficiency was not found statistically significant 
in relation to the dose or duration of metformin 
usage, age or sex of the study populations. This study 
showed that vitamin B12 deficiency was evident in 
108/231 (43.7%) among metformin treated T2DM 
patients. Vitamin B12 deficiency was found more 
often in people of > 60 years of age (p-value -value 
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holoTC).11,12 On the other hand, some other studies 
just provided the opposite results,13 and the lowered 
serum level of vitamin B12 caused by metformin was 
reported to be clinically meaningful.1 Geographic, 
religious, sociocultural and food habits of the different 
countries have different impact on metformin induced 
vitamin B12 deficiency. Prevalence of vitamin B12 
deficiency varies with population and B12 cut-off 
used in the studies. According to a national survey 
from U.S., consumption of routine vitamin B12 
supplement may not be sufficient for the biochemical 
B12 reduction with metformin use. The recommended 
amount of vitamin B12 by the Institute of Medicine 
(IOM) may not be sufficient in metformin treated 
patients.14 However, several other studies15,16 have 
found that treatment with vitamin B12 in a higher 
dose could reverse some of these disadvantages and 
vitamin B12 deficiency. Therefore, the supplement 
of vitamin B12 may be reasonable, and the dose 
should be individualized according to different 
ethnicity and habits.

Jayashri, R., Venkatesan, U., Rohan, M. et al. 
published their study in Acta Diabetol (2018). They 
determined the prevalence of vitamin B12 deficiency 
in an urban south Indian population in patients 
of glucose tolerance. The mean levels of vitamin 
B12 significantly lower in patients with glucose 
intolerance. The prevalence of absolute vitamin B12 
deficiency was 14.9%. The prevalence of vitamin 
B12 deficiency was higher among T2DM (18.7%).                  
The increased deficiency was seen in increasing age 

and abdominal obesity. Men and vegetarians had 
twice the chance of vitamin B12 deficiency than 
women and non-vegetarians, respectively.17

Among others, one of the important limitations of this 
study design is that there is no comparative group or 
control group among the study population to compare 
metformin and non-metformin group for their vitamin 
B12 status. It was just an observational study which 
examined the evidence of the vitamin B12 status 
among metformin users. So, further comparative or 
cohort study may be required to prove the fact that 
metformin use has been statistically linked to vitamin 
B12 deficiency. However, the concluding remarks 
from this study could be metformin is associated with 
vitamin B12 deficiency and this association is strong 
in elderly who regularly consume alcohol. Thus, in 
this sub group of diabetic patients’ metformin should 
be prescribed with vitamin B12 supplementation 
to avoid its deficiency and possible complications 
related to its deficiency.

CONCLUSIONS
Vitamin B12 deficiency was found in 43.7% of 
diabetics who were treated with Metformin. The 
deficiency was found statistically significant among 
>60 years of age (p-value =0.035) specially among 
those whom were involved in a regular alcohol 
consumption (p-value=0.009).

Conflict of Interest:   None

Funding:   None

REFERENCES
1.	 Liu Q, Li S, Quan H, Li J. Vitamin B12 status in 

metformin treated patients: systematic review. 
PLOS ONE 2014;9(6):e100379. [DOI]

2.	 Effect of intensive blood-glucose control with 
metformin on complications in overweight 
patients with type 2 diabetes (UKPDS 34). 
UK Prospective Diabetes Study (UKPDS) 
Group. Lancet. 1998 Sep 12;352(9131):854-65. 
[PubMed]

3.	 Filioussi K, Bonovas S, Katsaros T. Should we 
screen diabetic patients using biguanides for 
megaloblastic anaemia? Aust Fam Physician 
2003;32:383–384. [PubMed]

4.	 Ting RZ, Szeto CC, Chan MH, Ma KK, Chow 
KM. Risk factors of vitamin B12 deficiency in 
patients receiving metformin. Arch Intern Med 
2006;166:1975–1979. [PubMed]

5.	 Ko SH, Ko SH, Ahn YB, Song KH, Han KD, 
Park YM, Ko SH, Kim HS. Association of 

https://doi.org/10.1371/journal.pone.0100379
https://pubmed.ncbi.nlm.nih.gov/9742977/
https://pubmed.ncbi.nlm.nih.gov/12772378/
https://pubmed.ncbi.nlm.nih.gov/17030830/


IJSIRT ǁ Vol-3 ǁ No. 1 ǁ Jan-Jun 2025 18

Thakur et al. Vitamin B12 Status in Metformin Treated Diabetics: Cross Sectional Study

Citation: Thakur SK, Yadav SN, Dhakal SP, Supratik S, Sah AK. Vitamin B12 Status in Metformin Treated Diabetics: Cross 
Sectional Study. IJSIRT. 2025; 3(1):13-18.

vitamin B12 deficiency and metformin use in 
patients with type 2 diabetes. J Korean Med Sci. 
2014 Jul;29(7):965-72. [PubMed]

6.	 Caspary WF, Zavada I, Reimold W, Deuticke 
U, Emrich D, et al. Alteration of bile acid 
metabolism and vitamin-B12 absorption 
in diabetics on biguanides. Diabetologia 
1977;13:187–193. [PubMed]

7.	 Bauman WA, Shaw S, Jayatilleke E, Spungen 
AM, Herbert V. Increased intake of calcium 
reverses vitamin B12 malabsorption induced by 
metformin. Diabetes Care 2000;23:1227–1231. 
[PubMed]

8.	 Buvat DR. Use of metformin is a cause of 
vitamin B12 deficiency. Am Fam Physician 
2004;69:264–266. [PubMed]

9.	 Moore EM, Mander AG, Ames D, Kotowicz 
MA, Carne RP, et al. Increased risk of 
cognitive impairment in patients with diabetes 
is associated with metformin. Diabetes Care 
2013;36:2981–2987. [DOI]

10.	 Obeid R, Jung J, Falk J, Herrmann W, Geisel J, 
et al. Serum vitamin B12 not reflecting vitamin 
B12 status in patients with type 2 diabetes. 
Biochimie 2013;95:1056–1061. [PubMed]

11.	 Greibe E, Trolle B, Bor MV, Lauszus FF, 
Nexo E. Metformin lowers serum cobalamin 
without changing other markers of cobalamin 
status: A study on women with polycystic 
ovary syndrome. Nutrients 2013;5:2475–2482. 
[PubMed]

12.	 Leung S, Mattman A, Snyder F, Kassam R, 
Meneilly G, et al. Metformin induces reductions 
in plasma cobalamin and haptocorrin bound 
cobalamin levels in elderly diabetic patients. 
Clin Biochem 2010;43:759–760. [PubMed]

13.	 Hermann LS, Nilsson B, Wettre S. Vitamin B12 
status of patients treated with metformin: A 
cross-sectional cohort study. Br J Diabetes Vasc 
Dis 2004;4:401–406. [DOI]

14.	 Reinstatler L, Qi YP, Williamson RS, Garn JV, 
Oakley GP Jr. Association of biochemical B12 
deficiency with metformin therapy and vitamin 
B12 supplements: The National Health and 
Nutrition Examination Survey, 1999–2006. 
Diabetes Care 2012;35:327-333. [DOI]

15.	 Liu KW, Dai LK, Jean W. Metformin-
related vitamin B12 deficiency. Age Ageing 
2006;35:200–201. doi:10.1093/ageing/afj050

16.	 Callaghan TS, Hadden DR, Tomkin GH. 
Megaloblastic anaemia due to vitamin B12 
malabsorption associated with long-term 
metformin treatment. Br Med J 1980;280:1214–
1215. [PubMed]

17.	 Jayashri R, Venkatesan U, Rohan M, 
Gokulakrishnan K, Shanthi Rani CS, Deepa M, 
Anjana RM, Mohan V, Pradeepa R. Prevalence 
of vitamin B12 deficiency in South Indians 
with different grades of glucose tolerance. 
Acta Diabetol. 2018 Dec;55(12):1283-1293. 
[PubMed]

https://pubmed.ncbi.nlm.nih.gov/25045229/
https://pubmed.ncbi.nlm.nih.gov/873086/
https://pubmed.ncbi.nlm.nih.gov/10977010/
https://pubmed.ncbi.nlm.nih.gov/14765765/
https://doi.org/10.2337/dc13-0229
https://pubmed.ncbi.nlm.nih.gov/23168250/
https://pubmed.ncbi.nlm.nih.gov/23857221/
https://pubmed.ncbi.nlm.nih.gov/20214894/
https://doi.org/10.1177/14746514040040060701
https://doi.org/10.2337/dc11-1582
https://pubmed.ncbi.nlm.nih.gov/7388472/
https://pubmed.ncbi.nlm.nih.gov/30317438/

