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Abstract

The current meta-analysis aims to explore the effect of metformin use on vitamin B12 deficiency in patients
with type 2 diabetes mellitus (T2DM) and the factors associated with it. This meta-analysis followed the
Meta-analysis Of Observational Studies in Epidemiology (MOOSE) guidelines and the Preferred Reporting
Items for Systematic reviews and Meta-Analysis (PRISMA) guidelines. We searched PubMed and EMBASE
from January 1, 2010, to October 31, 2022, to collect the studies that reported the effect of metformin on the
deficiency of vitamin B12 in patients with T2DM and the factors associated with it. A total of 17 studies were
included in the current meta-analysis. Among all the included studies, 13 were cross-sectional studies, 3
were retrospective cohorts, and one was a case-control study. The pooled rate of deficiency of vitamin B12
in patients receiving metformin (23.16%) was significantly higher compared to patients who were not on
metformin (17.4%) (OR: 2.95, 95% CI: 2.18-4.00, p-value: 0.001). Factors significantly associated with
vitamin B12 deficiency in patients with T2DM and receiving metformin include the duration of metformin
use and a greater dose of metformin. In conclusion, our meta-analysis found that the prevalence of vitamin
B12 deficiency is greater in patients receiving metformin compared to patients who did not receive
metformin. Given the importance of vitamin B12 in nutrition, metformin-induced B12 decrease may be
harmful to patients with T2DM. Supplemental vitamin B12 may be advantageous for those on metformin.

Categories: Internal Medicine, Public Health, Epidemiology/Public Health
Keywords: meta-analysis, type 2 diabetes, factors, vitamin b12, metformin

Introduction And Background

Type 2 diabetes mellitus (T2DM) is associated with significant mortality and morbidity, with the potential to
adversely affect the neurologic, renal, and cardiovascular systems of individuals with the disease [1].
Treatment of T2DM includes certain options like medications and lifestyle changes. The biguanide medicine
metformin is a drug that has shown promise in the treatment of type 2 diabetes and is advised as the first
choice for oral management by the American Diabetes Association [2]. Metformin has positive impacts on
vascular protection, weight loss, and carbohydrate metabolism [3] but long-term use of metformin was
found to be associated with the risk of anemia [4]. It is reported that 30% of patients receiving long-term
metformin experience vitamin B12 malabsorption, with a reduction in the concentration of serum vitamin
B12 of 14% to 30% [5].

Vitamin B12 is an important nutrient for health. It can play a significant role in the formation of red blood
cells and the functioning of the nervous system and brain. A deficiency of vitamin B12 may increase the
severity of diabetic neuropathy [6]. Deficiency of vitamin B12 results in methylmalonyl-CoA accumulation
that is subsequently converted to methylmalonic acid (MMA), whose levels in plasma are often high in
individuals with a deficiency of vitamin B12. In individuals with a deficiency of vitamin B12, enhanced levels
of homocysteine and MMA have been suggested to myelopathy leading to autonomic and peripheral
neuropathy [7].

About 50% of individuals with T2DM will develop a certain degree of diabetic neuropathy throughout their
life [8]. This group of patients has impaired clinical suspicion of vitamin B12 deficiency based on
neurological symptoms, which may result in an underdiagnosis of this serious vitamin deficit. If this
condition is not properly diagnosed and treated, this can result in long-term neurological impairment [9].
Because large numbers of individuals with T2DM use metformin, the execution of a universal screening
routine can enhance costs for the healthcare system [10]. Thus, identification of the risk factors associated
with the development of deficiency of vitamin B12 is a way to facilitate the screening of high-risk patients,
leading to the development of a more economical screening system.
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The current meta-analysis explored the different factors associated with vitamin B12 deficiency in patients
with T2DM and receiving metformin. To develop interventions that can help prevent deficiency of vitamin
B12 in patients with T2DM and receiving metformin, understanding of factors affecting it is important. Our
objective was to perform a meta-analysis of the published literature on the association between metformin
use and vitamin B12 deficiency and the factors associated with it in patients with T2DM.

Review
Methodology

This meta-analysis followed the Meta-analysis Of Observational Studies in Epidemiology (MOOSE)
guidelines and the Preferred Reporting Items for Systematic reviews and Meta-Analysis (PRISMA)
guidelines.

Search Strategy

We searched PubMed and EMBASE from January 1, 2010, to October 31, 2022, to collect the studies that
reported the effect of metformin on the deficiency of vitamin B12 in patients with T2DM and factors
associated with it. We combined Medical Subject Headings (MeSH) and free text words related to metformin,
vitamin B12 deficiency, and type 2 diabetes mellitus to search the aforementioned electronic databases. A
reference list of included articles and relevant reviews were manually searched for additional eligible
articles.

Study Selection

Two reviewers independently searched for relevant articles. After filtering duplicates, the titles and abstracts
of the remaining articles were reviewed. Full text of all eligible articles was obtained and assessed for
eligibility criteria. The studies were included in the current meta-analysis if they fulfilled the following
criteria: 1) observational studies assessing the effect of metformin on vitamin B12 deficiency in patients
with T2DM; 2) investigated possible risk factors associated with vitamin B12 deficiency in patients with
T2DM and receiving metformin, irrespective of sample size; 3) published in the English language; 4)
published in 2010 or onwards. Case studies, qualitative studies, editorials, and conference abstracts were
excluded.

Data Extraction

Two reviewers independently extracted data using a pre-designed data extraction form developed on a
Microsoft Excel spreadsheet. Data extracted included the author's name, year of publication, and sample
size. The extracted data were cross-checked, and a third reviewer was invited to arbitrate disagreements.

Risk of Bias Assessment

Two reviewers assessed the risk of bias of the included study independently using the Agency for Healthcare
Research and Quality (AHRQ) methodology checklist. The AHRQ methodology checklist comprises 11 items.
Each item is scored “1” when answered “Yes” and “0” when answered “No” or “Unclear.” Studies are rated as
low, moderate, or high risk of bias when the total quality score is 0-3, 4-7, and 8-11, respectively. Any
disagreement between two authors was resolved through discussion or involvement of a third author if
required.

Data Analysis

Analysis was conducted using Comprehensive Meta-Analysis software (v 4.0 Biostat, Englewood, New
Jersey) and Review Manager (RevMan) version 5.4.0 (The Nordic Cochrane Centre, The Cochrane
Collaboration, Copenhagen, Denmark). Estimates of odds ratio (OR) and 95% confidence interval (CI) from
each study were combined in separate meta-analysis models for each factor assessed in the current meta-
analysis using a random or fixed effect model. A p-value of less than 0.05 was considered significant.
Heterogeneity was assessed using [-square. Statistical heterogeneity was assessed with Cochran Q, which
tests for between-study statistical variation, and 12. A p-value of less than 0.1 was considered significant for
heterogeneity.

Results

Figure I summarizes the process of selection of studies. A total of 1644 articles were identified through
online database searching. After removing duplicates, we reviewed the titles and abstracts of 1598 articles
and identified 180 possible eligible studies for full-text screening. Among all the eligible studies, 17 were
included in the current meta-analysis [11-27]. Among all the included studies, 13 were cross-sectional
studies, 3 were retrospective cohorts, and 1 was a case-control study. Table / shows the characteristics of all
included studies. The mean age of participants ranged from 49.5 years to 80.1 years. The percentage of males
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in each study ranged from 22.9% to 78.0%. Table 2 shows the characteristics of the included studies. Among
all included studies, two were of high quality while all others were of moderate quality.

Records identified through
database searching
(n=1644)

Records after duplicates removed
(n=1598)

v

Records screened Records excluded
(n=1598) (n=1418)

v

Full-text articles
assessed for eligibility
(n=180)

v

Records included in
quantitative synthesis
(meta-analysis)

(n=17)

[ Included ] [ Eligibility ] [ Screening ] [ Identification ]

FIGURE 1: PRISMA flowchart of selection of studies

PRISMA: Preferred Reporting Items for Systematic reviews and Meta-Analysis
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Author Name Year Study Type Sample Size Age in Years Males (%)
Ahmed et al[11] 2016 Cross-sectional 121 58.5 45.5
Alharbi et al[12] 2018 Retrospective cohort 412 57.2 47.6
Almatrafi et al[13] 2022 Cross-sectional 206 NR 41.3
Atabi et al[14] 2021 Cross-sectional 120 50 30.0
Damiao et al[15] 2015 Cross-sectional 231 61.7 22.9
Fakkar et al [16] 2022 Cross-sectional 100 53.3 29.0
Gundu et al[17] 2021 Cross-sectional 258 NR 46.5
Iftikhar et al [18] 2013 Case-control 219 56.5 58.4
Kim et al [19] 2019 Cross-sectional 1111 59.7 58.1
Ko et al [20] 2014 Cross-sectional 799 59 443
Liu et al[21] 2011 Cross-sectional 134 80.1 41.0
Martin et al[22] 2021 Retrospective cohort 13489 NR 47.6
Sato et al [23] 2013 Cross-sectional 84 62 78.6
Shahwan et al [24] 2018 Cross-sectional 200 49.5 51.0
Singh et al [25] 2013 Cross-sectional 136 51 56.6
Wai et al [26] 2018 Retrospective cohort 507 81.4 42.6
Yakubu et al [27] 2019 Cross-sectional 196 50.4 30.1

TABLE 1: Characteristics of included studies
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Author Name
Ahmed et al [11]
Alharbi et al [12]
Almatrafi et al [13]
Atabi et al [14]
Damiao et al [15]
Fakkar et al [16]
Gundu et al [17]
Iftikhar et al [18]
Kim et al [19]

Ko et al [20]

Liu etal [21]
Martin et al [22]
Sato et al [23]
Shahwan et al [24]
Singh et al [25]
Wai et al [26]

Yakubu et al [27]

TABLE 2: Risk of quality assessment
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subjects (cases and controls) or refer to previous publications; Component 03: Indicate time period used for identifying patients; Component 4: Indicate

whether or not subjects were consecutive if not population-based; Component 5: Indicate if evaluators of subjective components of study were masked to

other aspects of the status of the participants; Component 6: Describe any assessments undertaken for quality assurance purposes (e.g., test/retest of
primary outcome measurements); Component 7: Explain any patient exclusions from analysis; Component 8: Describe how confounding was assessed
and/or controlled; Component 9: If applicable, explain how missing data were handled in the analysis; Component 10: Summarize patient response rates

and completeness of data collection; Component 11: Clarify what follow-up, if any, was expected and the percentage of patients for which incomplete data
or follow-up was obtained.
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Effect of Metformin on Deficiency of Vitamin B12 in Patients With T2DM

Overall seven studies assessed the impact of metformin deficiency of vitamin B12 in patients with T2DM.

The pooled rate of deficiency of vitamin B12 in patients receiving metformin (23.16%) was significantly
higher compared to patients who were not on metformin (17.4%) (OR: 2.95, 95% CI: 2.18-4.00, p-value:

0.001) as shown in Figure 2. No significant heterogeneity was found among the study results (I-square: 28%,

p-value: 0.22).
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Metformin Non-metformin Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Alharbi et al, 2018 [12] 30 319 2 93 56%  4.72[1.11,20.15) = o
Atabi et al, 2021 [14] 6 60 6 60 10.7% 1.00[0.30, 3.30] - r
Fakkar et al, 2022 [16] 2 50 1 50 1.9%  2.04[0.18,23.27] —
Liuetal, 2011 [21] 16 56 4 78 47%  7.40[2.32,23.63] e
Sato et al, 2013 [23] 26 46 8 38 76% 4.88[1.84,12.91] =
Singh et al, 2013 [25] 6 84 0 52 1.1% 8.69[0.48, 157.63] =
Wai et al, 2018 [26] 100 188 99 319 68.3% 2.53[1.74, 3.66) =
Total (95% Cl) 803 690 100.0%  2.95[2.18, 4.00] L
Total events 186 120

P _ _ o ' . 4 ;
Heterogeneity: Chi* = 8.29, df = 6 (P = 0.22); I? = 28% 0.005 011 1'0 206

Test for overall effect: Z = 6.99 (P < 0.00001) Metformin Non-metformin

FIGURE 2: Forest plot showing the association of metformin with
vitamin B12 deficiency

Sources: References [12,14,16,21,23,25-26]

Risk Factors Associated With Deficiency of Vitamin B12 in Patients With T2DM and Receiving Metformin

Table 3 shows the number of studies that assessed each factor associated with deficiency of vitamin B12 in
patients with T2DM and receiving metformin along with pooled estimates. For proton pump inhibitors,
papers were harmonized according to the use of proton pump inhibitors versus not. Results showed that no
significant association is there between proton pump inhibitors and deficiency of vitamin B12. No
significant heterogeneity was reported among the study results (I-square: 0%). Studies did not find any
significant association between the duration of diabetes and vitamin B12 deficiency.

Factors Included Studies Categories OR (95% CI) P-value I-square
No 1

Proton Pump Inhibitors (No vs Yes) 5)
Yes 0.94 (0.74-1.20) 0.623 0%
<4 Years 1

Duration of metformin use 3 4-10 Years 2.54 (1.22-8.54) 0.001 81%
<10 Years 2.32(1.27-4.22) 0.001 91%

Duration of diabetes 4 0.95 (0.89-1.01) 0.113 0%
<1000 mg 1

Daily dose of metformin 4 1000-2000 mg 2.58 (1.73-3.83) 0.001 0%
>=2000 mg 5.89 (2.63-13.19) 0.001 65%

TABLE 3: Relationship of independent variables with deficiency of vitamin B12 in patients with
T2DM and receiving metformin

OR: Odds ratio

ClI: Confidence interval

Studies that assessed the duration of metformin use compared patients who used metformin for <4 years
with patients who were taking metformin between 4 and 10 years and more than 10 years. Results showed
that the odds of deficiency of vitamin B12 are significantly higher in patients with a duration of metformin
use of 4-10 years (OR: 2.54, 95% CI: 1.22-8.54, p-value: 0.001) and more than 10 years (OR: 2.32, 95% CI:
1.27-4.22, p-value: 0.001).

Lastly, patients who were taking a dosage of less than 1000 mg per day are less likely to develop a deficiency
of vitamin B12 as compared to individuals taking a daily dose of 1000-2000 mg (OR: 2.58, 95% CI: 1.73-3.83,
p-value: 0.001) and individuals taking a daily dose of >2000 mg (OR: 5.89, 95% CI: 2.63-13.19, p-value:
0.001)
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Discussion

In the current meta-analysis, we evaluated the effect of metformin on the deficiency of vitamin B12 in
patients with T2DM. We also examined four factors associated with a deficiency of vitamin B12 in patients
with T2DM and receiving metformin, including the use of proton pump inhibitors, duration of metformin
use, duration of diabetes, and a daily dose of metformin.

Diabetes is a chronic condition that can have serious, life-threatening complications. When compared to the
long-term implications of inducing vitamin B12 deficiency, metformin, a regularly used first-line therapy
strategy, has benefits [3]. However, the prevalence of the deficiency of vitamin B12 associated with the usage
of metformin in T2DM is affected by certain factors. The current meta-analysis found that a deficiency of
vitamin B12 is more common in patients receiving metformin compared to their counterparts. Because
metformin delays the absorption of glucose, it has an impact on bacterial overgrowth and small bowel
motility [28]. According to the review conducted by Liu et al., metformin reduced vitamin B12 levels in
patients with diabetes [29]. The review also found that gastrointestinal adverse events were the frequently
observed adverse events in patients with metformin. The reduction in B12 absorption caused by metformin
may be the result of digestive alterations that cause the binding of the B12-intrinsic factor (IF) complex [30].

The clinical importance of biochemical change in the concentration of serum vitamin B12 remains
controversial. A Greek cohort of 600 diabetes patients revealed a link between vitamin B12-dependent
megaloblastic anemia and metformin treatment [31]. Metformin may potentially hasten cognitive decline
and the development of diabetic peripheral neuropathy in a way that is dependent on vitamin B12 [5]. Thus,
it was implied that deficiency in vitamin B12 concentration should not be overlooked.

In the current meta-analysis, the association between the occurrence of vitamin B12 deficiency and the use
of metformin showed a clear dose-dependence relationship, and an association related to the duration of
metformin use was found. In the current meta-analysis, we found that doses higher than 1000 mg have
demonstrated an independent association with the deficiency of vitamin B12. In a case-control study, one of
the important risk factors for the deficiency of vitamin B12 was the use of a high metformin dose [31]. In
some studies, the duration of metformin use has also been shown as a risk factor for deficiency of vitamin
B12[31].

Different countries around the world have unique nutrition supplements and eating habits and the
prevalence of deficiency of vitamin B12 varies with population and the B12 cut-off utilized. The Institute of
Medicine (IOM) recommended that the dose of vitamin B12 may not be adequate for people taking
metformin, according to a national survey from the United States that found routine vitamin B12
supplementation may not be able to reverse the biochemical B12 reduction in diabetic patients taking
metformin [32]. However, certain studies have found that treatment with vitamin B12 at a higher dose could
reverse the deficiency of vitamin B12 [33-34]. Moreover, it is important to check the serum vitamin B12 level
of patients with T2DM and receive a greater dose of metformin even if patients do not show any symptoms
of vitamin B12 deficiency to prevent diabetic neuropathy and other complications.

The current meta-analysis has certain limitations. First, the examining methods of vitamin B12
concentration were diverse in the included studies. Second, in certain excluded studies, the change in serum
vitamin B12 concentration was assessed instead of the deficiency of vitamin B12. Even though factors
significantly associated with the deficiency of vitamin B12 are not modifiable, these results can be
informative in developing multifactorial, targeted interventions to provide the support and education
needed to prevent a deficiency of vitamin B12 in patients with T2DM and receiving metformin.

Conclusions

In conclusion, our meta-analysis found that the prevalence of vitamin B12 deficiency is greater in patients
receiving metformin compared to patients who did not receive metformin. Moreover, factors associated with
a deficiency of vitamin B12 in patients with T2DM and receiving metformin included a daily dose of
metformin and years of metformin use. Given the importance of vitamin B12 in nutrition, metformin-
induced B12 decrease may be harmful to patients with T2DM. Supplemental vitamin B12 may be
advantageous for those on metformin. Secondly, it is important to test vitamin B12 levels in patients
receiving metformin even if patients are asymptomatic in order to identify deficiency earlier and prevent
complications.

Additional Information
Disclosures

Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

2022 Kakarlapudi et al. Cureus 14(12): €32277. DOI 10.7759/cureus.32277 7 of 9



Cureus

Acknowledgements

Author contributions: Yasitha Kakarlapudi - study design, review of search strategy, writing of the
discussion; Sai Kiran Kondabolu - search for articles, writing the methodology, reviewing the manuscript;
Zuha Tehseen: Data extraction, writing methodology; Vimal Khemani - Data analysis, writing results;
Srilakshmi KJ - search for articles, writing methodology; Maira D. Nousherwani - Data extraction, entry of
data in Microsoft Excel; Ahmed N. Abdelhameed: Review of manuscript, discussion writing, selection of
studies; Faraz Saleem: introduction writing, study design, selection of studies

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

US Department of Health and Human Services. National Diabetes Information Clearinghouse (NDIC).
National diabetes statistics. (2011). https://www.niddk.nih.gov/health-information/health-
statistics/diabetes-statistics.

Bergenstal RM, Wysham C, MacConell L, et al.: Efficacy and safety of exenatide once weekly versus
sitagliptin or pioglitazone as an adjunct to metformin for treatment of type 2 diabetes (DURATION- 2): a
randomised trial. Lancet. 2010, 7:431-9. 10.1016/S0140-6736(10)60590-9

UK Prospective Diabetes Study (UKPDS) Group: Effect of intensive blood-glucose control with metformin on
complications in overweight patients with type 2 diabetes (UKPDS 34). Lancet. 1998, 12:854-65.
10.1016/S0140-6736(98)07037-8

Filioussi K, Bonovas S, Katsaros T: Should we screen diabetic patients using biguanides for megaloblastic
anaemia?. Aust Fam Physician. 2003, 32:383-4.

Ting RZ, Szeto CC, Chan MH, Ma KK, Chow KM: Risk factors of vitamin B(12) deficiency in patients
receiving metformin. Arch Intern Med. 2006, 166:1975-9. 10.1001/archinte.166.18.1975

Wile DJ, Toth C: Association of metformin, elevated homocysteine, and methylmalonic acid levels and
clinically worsened diabetic peripheral neuropathy. Diabetes Care. 2010, 33:156-61. 10.2337/dc09-0606
Obeid R, Heil SG, Verhoeven MM, van den Heuvel EG, de Groot LC, Eussen SJ: Vitamin B12 intake from
animal foods, biomarkers, and health aspects. Front Nutr. 2019, 6:93. 10.3389/fnut.2019.00093

Pop-Busui R, Roberts L, Pennathur S, Kretzler M, Brosius FC, Feldman EL: The management of diabetic
neuropathy in CKD. Am ] Kidney Dis. 2010, 55:365-85. 10.1053/j.ajkd.2009.10.050

Out M, Kooy A, Lehert P, Schalkwijk CA, Stehouwer CD: Long-term treatment with metformin in type 2
diabetes and methylmalonic acid: post hoc analysis of a randomized controlled 4.3 year trial. ] Diabetes
Complications. 2018, 32:171-8. 10.1016/j.jdiacomp.2017.11.001

Pflipsen MC, Oh RC, Saguil A, Seehusen DA, Seaquist D, Topolski R: The prevalence of vitamin B(12)
deficiency in patients with type 2 diabetes: a cross-sectional study. ] Am Board Fam Med. 2009, 22:528-34.
10.3122/jabfm.2009.05.090044

Ahmed MA, Muntingh G, Rheeder P: Vitamin B12 deficiency in metformin-treated type-2 diabetes patients,
prevalence and association with peripheral neuropathy. BMC Pharmacol Toxicol. 2016, 17:44.
10.1186/s40360-016-0088-3

Alharbi TJ, Tourkmani AM, Abdelhay O, et al.: The association of metformin use with vitamin B12
deficiency and peripheral neuropathy in Saudi individuals with type 2 diabetes mellitus. PLoS One. 2018,
13:e0204420. 10.1371/journal.pone.0204420

Almatrafi SB, Bakr ES, Almatrafi AA, Altayeb MM: Prevalence of vitamin B12 deficiency and its association
with metformin-treated type 2 diabetic patients: A cross sectional study. Human Nutrition & Metabolism.
2022, 27:200138. 10.1016/j.hnm.2022.200138

Atabi DF, Qasim AH, Mohammed SA, Al-Saadawi AI: Association of metformin use with vitamin B12
deficiency in Iraqi patients with type II diabetes mellitus. Indian ] Forensic Med Toxicol. 2021, 15:472.
10.37506/ijfmt.v15i3.16197

Damiao CP, Rodrigues AO, Pinheiro MF, Cruz RA Filho, Cardoso GP, Taboada GF, Lima GA: Prevalence of
vitamin B12 deficiency in type 2 diabetic patients using metformin: a cross-sectional study. Sao Paulo Med J.
2016, 134:473-9. 10.1590/1516-3180.2015.01382111

Fakkar NF, Marzouk D, Allam MF, Fouad MM, Aboromia MM, Gadallah M: Association between vitamin B12
level and clinical peripheral neuropathy in type 2 diabetic patients on metformin therapy. Egypt ] Neurol
Psychiatr Neurosurg. 2022, 58:1-6. 10.1186/s41983-022-00483-9

Gundu V, Chintha VS: A cross sectional study to estimate the prevalence of vitamin B12 deficiency among
type 2 diabetes cases on metformin therapy: a one year study. International Journal of Advances in
Medicine. 2021, 8:657-61. 10.18203/2349-3933.ijam20211471

Iftikhar R, Kamran SM, Qadir A, Igbal Z, bin Usman H: Prevalence of vitamin B12 deficiency in patients of
type 2 diabetes mellitus on metformin: a case control study from Pakistan. Pan Afr Med J. 2013, 16:67.
10.11604/pam;j.2013.16.67.2800

Kim J, Ahn CW, Fang S, Lee HS, Park JS: Association between metformin dose and vitamin B12 deficiency in
patients with type 2 diabetes. Medicine (Baltimore). 2019, 98:17918. 10.1097/MD.0000000000017918

Ko SH, Ko SH, Ahn YB, et al.: Association of vitamin B12 deficiency and metformin use in patients with type
2 diabetes. ] Korean Med Sci. 2014, 11:965-72.

Liu KW, Dai DL, Ho W, Lau E, Woo J: Metformin-associated vitamin B12 deficiency in the elderly . Asian ]
Gerontol Geriatr. 2011, 6:82-7.

Martin D, Thaker J, Shreve M, Lamerato L, Budzynska K: Assessment of vitamin B12 deficiency and B12
screening trends for patients on metformin: a retrospective cohort case review. BMJ Nutr Prev Health. 2021,
4:30-5.

Sato Y, Ouchi K, Funase Y, Yamauchi K, Aizawa T: Relationship between metformin use, vitamin B12
deficiency, hyperhomocysteinemia and vascular complications in patients with type 2 diabetes. Endocr J.
2013, 60:1275-80. 10.1507/endocrj.ej13-0332

Shahwan M, Hassan N, Noshi A, Banu N: Prevalence and risk factors of vitamin B12 deficiency among
patients with type ii diabetes on metformin: a study from northern region of United Arab Emirates. Asian |

2022 Kakarlapudi et al. Cureus 14(12): €32277. DOI 10.7759/cureus.32277

8of9


https://www.niddk.nih.gov/health-information/health-statistics/diabetes-statistics
https://www.niddk.nih.gov/health-information/health-statistics/diabetes-statistics
https://dx.doi.org/10.1016/S0140-6736(10)60590-9
https://dx.doi.org/10.1016/S0140-6736(10)60590-9
https://dx.doi.org/10.1016/S0140-6736(98)07037-8
https://dx.doi.org/10.1016/S0140-6736(98)07037-8
https://pubmed.ncbi.nlm.nih.gov/12772378/
https://dx.doi.org/10.1001/archinte.166.18.1975
https://dx.doi.org/10.1001/archinte.166.18.1975
https://dx.doi.org/10.2337/dc09-0606
https://dx.doi.org/10.2337/dc09-0606
https://dx.doi.org/10.3389/fnut.2019.00093
https://dx.doi.org/10.3389/fnut.2019.00093
https://dx.doi.org/10.1053/j.ajkd.2009.10.050
https://dx.doi.org/10.1053/j.ajkd.2009.10.050
https://dx.doi.org/10.1016/j.jdiacomp.2017.11.001
https://dx.doi.org/10.1016/j.jdiacomp.2017.11.001
https://dx.doi.org/10.3122/jabfm.2009.05.090044
https://dx.doi.org/10.3122/jabfm.2009.05.090044
https://dx.doi.org/10.1186/s40360-016-0088-3
https://dx.doi.org/10.1186/s40360-016-0088-3
https://dx.doi.org/10.1371/journal.pone.0204420
https://dx.doi.org/10.1371/journal.pone.0204420
https://dx.doi.org/10.1016/j.hnm.2022.200138
https://dx.doi.org/10.1016/j.hnm.2022.200138
https://dx.doi.org/10.37506/ijfmt.v15i3.16197
https://dx.doi.org/10.37506/ijfmt.v15i3.16197
https://dx.doi.org/10.1590/1516-3180.2015.01382111
https://dx.doi.org/10.1590/1516-3180.2015.01382111
https://dx.doi.org/10.1186/s41983-022-00483-9
https://dx.doi.org/10.1186/s41983-022-00483-9
https://dx.doi.org/10.18203/2349-3933.ijam20211471
https://dx.doi.org/10.18203/2349-3933.ijam20211471
https://dx.doi.org/10.11604/pamj.2013.16.67.2800
https://dx.doi.org/10.11604/pamj.2013.16.67.2800
https://dx.doi.org/10.1097/MD.0000000000017918
https://dx.doi.org/10.1097/MD.0000000000017918
https://pubmed.ncbi.nlm.nih.gov/25045229/
https://www.hkag.org/Publications/AJGG/V6N2/OA3_KW Liu.pdf
https://pubmed.ncbi.nlm.nih.gov/34308109/
https://dx.doi.org/10.1507/endocrj.ej13-0332
https://dx.doi.org/10.1507/endocrj.ej13-0332
https://dx.doi.org/10.22159/ajpcr.2018.v11i8.26052

Cureus

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Pharm Clin Res. 2018, 11:225. 10.22159/ajpcr.2018.v11i8.26052

Singh AK, Kumar A, Karmakar D, Jha RK: Association of B12 deficiency and clinical neuropathy with
metformin use in type 2 diabetes patients. ] Postgrad Med. 2013, 59:253-7. 10.4103/0022-3859.123143
Wong CW, Leung CS, Leung CP, Cheng JN: Association of metformin use with vitamin B(12) deficiency in
the institutionalized elderly. Arch Gerontol Geriatr. 2018, 79:57-62. 10.1016/j.archger.2018.07.019
Yakubu M, Laing EF, Nsiah P, et al.: Vitamin B12 deficiency in type 2 diabetic patients on metformin: a
cross-sectional study from South-Western part of Ghana. Alexandria ] Med. 2019, 55:58-67.
10.1080/20905068.2019.1662647

Caspary WF, Creutzfeldt W: Analysis of the inhibitory effect of biguanides on glucose absorption: inhibition
of active sugar transport. Diabetologia. 1971, 7:379-85. 10.1007/BF01219474

Liu Q, Li S, Quan H, Li J: Vitamin B12 status in metformin treated patients: systematic review . PLoS One.
2014, 9:e100379. 10.1371/journal.pone.0100379

Caspary WF, Zavada I, Reimold W, Deuticke U, Emrich D, Willms B: Alteration of bile acid metabolism and
vitamin-B12-absorption in diabetics on biguanides. Diabetologia. 1977, 13:187-93. 10.1007/BF01219698
Moore EM, Mander AG, Ames D, et al.: Increased risk of cognitive impairment in patients with diabetes is
associated with metformin. Diabetes Care. 2013, 36:2981-7. 10.2337/dc13-0229

Reinstatler L, Qi YP, Williamson RS, Garn JV, Oakley GP Jr: Association of biochemical B1, deficiency with
metformin therapy and vitamin B1, supplements: the National Health and Nutrition Examination Survey,
1999-2006. Diabetes Care. 2012, 35:327-33. 10.2337/dc11-1582

Liu KW, Dai LK, Jean W: Metformin-related vitamin B12 deficiency. Age Ageing. 2006, 35:200-1.
10.1093/ageing/afj042

Callaghan TS, Hadden DR, Tomkin GH: Megaloblastic anaemia due to vitamin B12 malabsorption associated
with long-term metformin treatment. Br Med J. 1980, 280:1214-5. 10.1136/bmj.280.6225.1214

2022 Kakarlapudi et al. Cureus 14(12): €32277. DOI 10.7759/cureus.32277

90f9


https://dx.doi.org/10.22159/ajpcr.2018.v11i8.26052
https://dx.doi.org/10.4103/0022-3859.123143
https://dx.doi.org/10.4103/0022-3859.123143
https://dx.doi.org/10.1016/j.archger.2018.07.019
https://dx.doi.org/10.1016/j.archger.2018.07.019
https://dx.doi.org/10.1080/20905068.2019.1662647
https://dx.doi.org/10.1080/20905068.2019.1662647
https://dx.doi.org/10.1007/BF01219474
https://dx.doi.org/10.1007/BF01219474
https://dx.doi.org/10.1371/journal.pone.0100379
https://dx.doi.org/10.1371/journal.pone.0100379
https://dx.doi.org/10.1007/BF01219698
https://dx.doi.org/10.1007/BF01219698
https://dx.doi.org/10.2337/dc13-0229
https://dx.doi.org/10.2337/dc13-0229
https://dx.doi.org/10.2337/dc11-1582
https://dx.doi.org/10.2337/dc11-1582
https://dx.doi.org/10.1093/ageing/afj042
https://dx.doi.org/10.1093/ageing/afj042
https://dx.doi.org/10.1136/bmj.280.6225.1214
https://dx.doi.org/10.1136/bmj.280.6225.1214

	Effect of Metformin on Vitamin B12 Deficiency in Patients With Type 2 Diabetes Mellitus and Factors Associated With It: A Meta-Analysis
	Abstract
	Introduction And Background
	Review
	Methodology
	Results
	FIGURE 1: PRISMA flowchart of selection of studies
	TABLE 1: Characteristics of included studies
	TABLE 2: Risk of quality assessment
	FIGURE 2: Forest plot showing the association of metformin with vitamin B12 deficiency
	TABLE 3: Relationship of independent variables with deficiency of vitamin B12 in patients with T2DM and receiving metformin

	Discussion

	Conclusions
	Additional Information
	Disclosures
	Acknowledgements

	References


