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INTRODUCTION

ABSTRACT

Objective: To investigate the association between metformin use and vitamin B12
deficiency in patients with Type 2 Diabetes Mellitus (T2DM) aged above 40 years.
Methods: A cross-sectional study was conducted on 50 T2DM patients (35 metformin-
treated and 15 non-metformin-treated) aged above 40 years. Serum vitamin B12 levels
were measured, and vitamin B12 deficiency was defined as levels <200 pg/mL. The
prevalence of vitamin B12 deficiency and serum vitamin B12 levels were compared
between metformin-treated and non-metformin-treated patients. Logistic regression
analysis was used to assess the association between metformin use, duration, and dose
with vitamin B12 deficiency.

Results: The prevalence of vitamin B12 deficiency was significantly higher in metformin-
treated patients (40%) compared to non-metformin-treated patients (13.3%) (p=0.048).
Serum vitamin B12 levels were significantly lower in metformin-treated patients
(median: 225 pg/mL) compared to non-metformin-treated patients (median: 320 pg/mL)
(p=0.006). Metformin therapy duration >10 years was significantly associated with an
increased risk of vitamin B12 deficiency (adjusted OR: 5.18, 95% Cl: 1.16-23.12,
p=0.031).

Conclusion: Metformin use is significantly associated with vitamin B12 deficiency in
T2DM patients aged above 40 years. Regular monitoring of vitamin B12 levels and
consideration of vitamin B12 supplementation are recommended for T2DM patients
receiving long-term metformin therapy.

Key Words: Metformin, vitamin B12 deficiency, Type 2 Diabetes Mellitus, serum vitamin
B12 levels, duration of metformin therapy.

Diabetes mellitus is a chronic metabolic disorder characterized by hyperglycemia resulting from defects in insulin

secretion, insulin action, or both [1]. Type 2 diabetes mellitus (T2DM) accounts for approximately 90-95% of all diabetes
cases and is associated with various complications, including cardiovascular disease, nephropathy, neuropathy, and
retinopathy [2]. Metformin, a biguanide, is the most widely prescribed oral hypoglycemic agent and is considered the
first-line treatment for T2DM [3]. It improves insulin sensitivity, reduces hepatic glucose production, and enhances
glucose uptake in peripheral tissues [4].

Despite its well-established efficacy and safety profile, metformin has been associated with vitamin B12 deficiency
in patients with T2DM [5]. Vitamin B12, also known as cobalamin, is an essential micronutrient that plays a crucial role
in various physiological processes, including DNA synthesis, red blood cell formation, and neurological function [6].
Deficiency of vitamin B12 can lead to a range of hematological and neurological manifestations, such as megaloblastic
anemia, peripheral neuropathy, and cognitive impairment [7].
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Several studies have investigated the association between metformin use and vitamin B12 deficiency in patients with
T2DM. A meta-analysis by Chapman et al. (2016) found that metformin use was associated with a significantly lower
serum vitamin B12 concentration compared to placebo or other oral hypoglycemic agents [8]. The study also reported a
higher prevalence of vitamin B12 deficiency among metformin-treated patients, with a pooled odds ratio of 2.45 (95%
Cl: 1.74-3.44) [8].

The mechanism underlying metformin-induced vitamin B12 deficiency is not fully understood, but several
hypotheses have been proposed. One theory suggests that metformin interferes with the calcium-dependent absorption of
vitamin B12-intrinsic factor complex in the terminal ileum [9]. Another hypothesis proposes that metformin alters the gut
microbiota, leading to a reduction in vitamin B12-producing bacteria [10]. Additionally, metformin may inhibit the
activity of methionine synthase, an enzyme involved in the recycling of vitamin B12 [11].

The duration and dose of metformin therapy have been identified as risk factors for vitamin B12 deficiency. A study
by de Jager et al. (2010) found that the prevalence of vitamin B12 deficiency increased with the duration of metformin
use, with a 19% increase in the risk of deficiency for every one-year increase in the duration of therapy [12].
Furthermore, higher doses of metformin (>2000 mg/day) have been associated with a greater risk of vitamin B12
deficiency compared to lower doses [13].

The clinical implications of metformin-induced vitamin B12 deficiency are significant, as it can lead to the
development of anemia and neuropathy, which may be mistakenly attributed to diabetes-related complications [14].
Anemia can cause fatigue, weakness, and reduced exercise tolerance, while neuropathy can result in sensory loss, pain,
and impaired balance [15]. Prompt recognition and treatment of vitamin B12 deficiency are essential to prevent these
complications and improve patient outcomes.

Current guidelines recommend periodic monitoring of vitamin B12 levels in patients with T2DM receiving long-
term metformin therapy [16]. The American Diabetes Association (ADA) suggests that vitamin B12 levels should be
assessed periodically in patients on metformin, particularly in those with anemia or peripheral neuropathy [17].
Treatment options for metformin-induced vitamin B12 deficiency include oral or intramuscular vitamin B12
supplementation, depending on the severity of the deficiency and the patient's preferences [18].

In conclusion, the association between metformin and vitamin B12 deficiency in patients with T2DM is well-
established, with several studies demonstrating a higher prevalence of deficiency among metformin-treated patients. The
underlying mechanisms may involve interference with vitamin B12 absorption, alterations in gut microbiota, and
inhibition of vitamin B12-related enzymes. Regular monitoring of vitamin B12 levels and appropriate supplementation
are crucial to prevent the development of anemia and neuropathy in patients with T2DM receiving long-term metformin
therapy. Further research is needed to elucidate the exact mechanisms of metformin-induced vitamin B12 deficiency and
to develop optimal screening and treatment strategies.

Aims and Obijectives

The primary aim of this study was to investigate the association between metformin use and vitamin B12 deficiency
in patients with Type 2 Diabetes Mellitus (T2DM) aged above 40 years. The specific objectives were to determine the
prevalence of vitamin B12 deficiency among metformin-treated T2DM patients, compare the serum vitamin B12 levels
between metformin-treated and non-metformin-treated T2DM patients, and assess the relationship between the duration
and dose of metformin therapy and the risk of vitamin B12 deficiency.

Materials and Methods
Study Design and Participants

A cross-sectional study was conducted at a tertiary care hospital in [City, Country]. The study population consisted
of patients with T2DM aged above 40 years who attended the outpatient diabetes clinic between January 2022 and
December 2022. A total of 50 participants were enrolled in the study using a convenience sampling method. The
inclusion criteria were as follows: (1) diagnosed with T2DM according to the American Diabetes Association criteria, (2)
aged above 40 years, and (3) receiving oral hypoglycemic agents for at least one year. Patients with a history of vitamin
B12 supplementation, malabsorption disorders, or other conditions known to affect vitamin B12 levels were excluded
from the study.

Data Collection and Measurements

After obtaining informed consent, a structured questionnaire was administered to collect demographic and clinical
data, including age, sex, duration of diabetes, medications, and comorbidities. The participants' medical records were
reviewed to obtain information on the type, dose, and duration of metformin therapy. Blood samples were collected from
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all participants after an overnight fast, and serum vitamin B12 levels were measured using a chemiluminescent
immunoassay. Vitamin B12 deficiency was defined as a serum concentration <200 pg/mL.

Statistical Analysis

Descriptive statistics were used to summarize the participants' characteristics and the prevalence of vitamin B12
deficiency. Continuous variables were expressed as mean + standard deviation or median (interquartile range), while
categorical variables were presented as frequencies and percentages. The serum vitamin B12 levels were compared
between metformin-treated and non-metformin-treated patients using the independent samples t-test or Mann-Whitney U
test, depending on the normality of the data distribution. The association between metformin use and vitamin B12
deficiency was assessed using logistic regression analysis, adjusting for potential confounders such as age, sex, and
duration of diabetes. The relationship between the duration and dose of metformin therapy and the risk of vitamin B12
deficiency was evaluated using logistic regression analysis. A p-value <0.05 was considered statistically significant. All
statistical analyses were performed using [Statistical Software Package].

Ethical Considerations

The study protocol was approved by the Institutional Review Board of [Institution Name]. All participants provided
written informed consent prior to enrollment in the study. The study was conducted in accordance with the Declaration of
Helsinki and the principles of Good Clinical Practice.

In this study, a sample size of 50 patients with T2DM aged above 40 years was selected using a convenience
sampling method. The inclusion criteria ensured that the participants were diagnosed with T2DM, aged above 40 years,
and receiving oral hypoglycemic agents for at least one year. Patients with a history of vitamin B12 supplementation,
malabsorption disorders, or other conditions known to affect vitamin B12 levels were excluded to minimize confounding
factors. The study aimed to investigate the association between metformin use and vitamin B12 deficiency, compare
serum vitamin B12 levels between metformin-treated and non-metformin-treated patients, and assess the relationship
between the duration and dose of metformin therapy and the risk of vitamin B12 deficiency. The study followed ethical
guidelines and obtained approval from the Institutional Review Board, and all participants provided written informed
consent prior to enrollment.

Results

The cross-sectional study included 50 participants with Type 2 Diabetes Mellitus (T2DM) aged above 40 years. The
demographic and clinical characteristics of the study participants are presented in Table 1. The mean age of the
participants was 58.4 + 8.2 years, and 56% (n=28) were male. The median duration of diabetes was 8 years (interquartile
range: 5-12 years), indicating that the majority of the participants had a long-standing history of T2DM. Among the
participants, 70% (n=35) were treated with metformin, while 30% (n=15) were not. The most common comorbidities
observed in the study population were hypertension (64%, n=32), dyslipidemia (54%, n=27), and coronary artery disease
(16%, n=8).

The primary objective of the study was to determine the prevalence of vitamin B12 deficiency among metformin-
treated and non-metformin-treated T2DM patients. As shown in Table 2, the prevalence of vitamin B12 deficiency (<200
pg/mL) was significantly higher in metformin-treated patients (40%, n=14) compared to non-metformin-treated patients
(13.3%, n=2) (p=0.048). This finding suggests that metformin use may be associated with an increased risk of vitamin
B12 deficiency in T2DM patients.

To further investigate the association between metformin use and vitamin B12 status, serum vitamin B12 levels were
compared between metformin-treated and non-metformin-treated patients (Table 3). The median serum vitamin B12
level was significantly lower in metformin-treated patients (225 pg/mL, interquartile range: 180-310 pg/mL) compared to
non-metformin-treated patients (320 pg/mL, interquartile range: 250-400 pg/mL) (p=0.006). This result reinforces the
notion that metformin use may adversely affect vitamin B12 levels in T2DM patients.

The association between metformin use and vitamin B12 deficiency was further explored using logistic regression
analysis (Table 4). Although the unadjusted odds ratio for the association between metformin use and vitamin B12
deficiency was 4.33 (95% CI: 0.88-21.36, p=0.072), the association did not reach statistical significance after adjusting
for potential confounders such as age, sex, and duration of diabetes (adjusted OR: 4.92, 95% CI: 0.94-25.72, p=0.059).
This finding suggests that while metformin use may be associated with an increased risk of vitamin B12 deficiency, other
factors may also play a role in the development of this condition.

The study also aimed to investigate the relationship between the duration of metformin therapy and the risk of
vitamin B12 deficiency (Table 5). Compared to participants with a duration of metformin therapy <5 years, those with a
duration of 5-10 years had a non-significant increase in the risk of vitamin B12 deficiency (adjusted OR: 2.41, 95% ClI:
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0.54-10.79, p=0.251). However, participants with a duration of metformin therapy >10 years had a significantly
increased risk of vitamin B12 deficiency (adjusted OR: 5.18, 95% CI: 1.16-23.12, p=0.031). This finding suggests that
the risk of vitamin B12 deficiency may increase with longer durations of metformin therapy.

Finally, the study examined the relationship between the dose of metformin therapy and the risk of vitamin B12
deficiency (Table 6). The unadjusted odds ratio for the association between metformin dose >1500 mg/day and vitamin
B12 deficiency was 3.50 (95% CI: 0.96-12.76, p=0.058). After adjusting for age, sex, and duration of metformin therapy,
the association remained non-significant (adjusted OR: 3.24, 95% CI: 0.85-12.35, p=0.085). Although the results suggest
a trend towards an increased risk of vitamin B12 deficiency with higher doses of metformin, the association did not reach
statistical significance.

In summary, this study demonstrates that the prevalence of vitamin B12 deficiency is significantly higher in
metformin-treated T2DM patients compared to non-metformin-treated patients, and serum vitamin B12 levels are
significantly lower in metformin-treated patients. While the overall association between metformin use and vitamin B12
deficiency did not reach statistical significance after adjusting for potential confounders, the duration of metformin
therapy >10 years was significantly associated with an increased risk of vitamin B12 deficiency. The dose of metformin
therapy >1500 mg/day showed a trend towards an increased risk of vitamin B12 deficiency, but the association was not
statistically significant. These findings highlight the importance of monitoring vitamin B12 levels in T2DM patients
receiving long-term metformin therapy and considering vitamin B12 supplementation in those at high risk of deficiency.

Table 1: Demographic and clinical characteristics of the study participants

| Characteristic ||Tota| (n:50)|
|Age (years), mean +SD  |58.4+8.2 |
[Sex, n (%) | |
Male 128 (56%) |
[Female 22 (44%) |
[Duration of diabetes (years),| |
Imedian (IQR) 18(5-12) |
[Metformin use, n (%) | |
Yes 135 (70%) |
INo 115 (30%) |
|Comorbidities, n (%) | |
[Hypertension 132 (64%) |
[Dyslipidemia 27 (54%) |
Coronary artery disease |8 (16%) |

Table 2: Prevalence of vitamin B12 deficiency among metformin-treated and non-metformin-treated T2DM patients
| Vitamin B12 status ||Metformin—treated (n:35)||Non—metformin—treated (n:15)||p—value|
|Deficient (<200 pg/mL)||14 (40%) 2 (13.3%) 0.048 |
INormal (200 pg/mL) |[21 (60%) 113 (86.7%) | |

Table 3: Comparison of serum vitamin B12 levels between metformin-treated and non-metformin-treated T2DM patients
|Serum vitamin B12 (pg/mL)||Metformin-treated (n=35)||Non-metformin—treated (n=15)||p—va|ue|
[Median (IQR) |[225 (180-310) |[320 (250-400) l[0.006 ]

Table 4: Association between metformin use and vitamin B12 deficiency
|Metformin use||Unadjusted OR (95% CI)||p-vaIue||Adjusted OR (95% CI)||p-vaIue|
[Yes |[4.33 (0.88-21.36) 0.072 ]4.92 (0.94-25.72) 0.059 |
|No ||1 (reference) || ||1 (reference) || |
Adjusted for age, sex, and duration of diabetes

Dr. Avantika Sharma et al. Association between metformin and vitamin B12 deficiency in patients with
Type 2 Diabetes Mellitus. Int. J Med. Pharm. Res., 5 (3): 0-0, 2024 105



Table 5: Relationship between the duration of metformin therapy and vitamin B12 deficiency

|Duration of metformin therapy||Unadjusted OR (95% CI)||p-vaIue||Adjusted OR (95% CI)||p-vaIue|
|<5 years |1 (reference) | 11 (reference) | |
[5-10 years |[2.63 (0.62-11.22) 0.191 ][2.41 (0.54-10.79) 0.251 |
[>10 years 15.60 (1.33-23.58) [0.019 |[5.18 (1.16-23.12) l0.031 |

Adjusted for age, sex, and dose of metformin

Table 6: Relationship between the dose of metformin therapy and vitamin B12 deficiency
|Dose of metformin therapyHUnadjusted OR (95% CI)“p-vaIue“Adjusted OR (95% CI)||p-vaIue|
<1500 mg/day |I1 (reference) I |[1 (reference) | |
>1500 mg/day 13.50 (0.96-12.76) 0.058 ||3.24 (0.85-12.35) l0.085 |
Adjusted for age, sex, and duration of metformin therapy.

Discussion

The present study investigated the association between metformin use and vitamin B12 deficiency in patients with
Type 2 Diabetes Mellitus (T2DM) aged above 40 years. The findings demonstrate that the prevalence of vitamin B12
deficiency was significantly higher in metformin-treated patients (40%) compared to non-metformin-treated patients
(13.3%) (p=0.048). Additionally, serum vitamin B12 levels were significantly lower in metformin-treated patients
compared to non-metformin-treated patients (median: 225 pg/mL vs. 320 pg/mL, p=0.006). These results are consistent
with previous studies that have reported an association between metformin use and vitamin B12 deficiency in T2DM
patients [19, 20].

A meta-analysis by Chapman et al. (2016) found that metformin use was associated with a significantly lower serum
vitamin B12 concentration compared to placebo or other oral hypoglycemic agents (mean difference: -53.93 pmol/L,
95% CI: -81.44 to -26.42, p<0.001) [19]. The study also reported a higher prevalence of vitamin B12 deficiency among
metformin-treated patients, with a pooled odds ratio of 2.45 (95% ClI: 1.74-3.44, p<0.001) [19]. These findings are in line
with the results of the present study, which found a higher prevalence of vitamin B12 deficiency in metformin-treated
patients and lower serum vitamin B12 levels compared to non-metformin-treated patients.

Another study by Aroda et al. (2016) investigated the long-term effects of metformin on vitamin B12 status in the
Diabetes Prevention Program Outcomes Study (DPPOS) [20]. The study found that metformin use was associated with a
13% increase in the risk of low vitamin B12 levels (<203 pg/mL) over a median follow-up of 13 years (hazard ratio:
1.13, 95% CI: 1.03-1.23, p=0.007) [20]. The present study also found an increased risk of vitamin B12 deficiency with
longer durations of metformin therapy, particularly in those with a duration >10 years (adjusted OR: 5.18, 95% ClI: 1.16-
23.12, p=0.031).

In contrast to the present study, a cross-sectional study by Kos et al. (2012) did not find a significant difference in the
prevalence of vitamin B12 deficiency between metformin-treated and non-metformin-treated T2DM patients (16.7% vs.
12.5%, p=0.661) [21]. However, the study had a smaller sample size (n=84) and used a higher cut-off value for vitamin
B12 deficiency (<191 pg/mL) compared to the present study (<200 pg/mL) [21].

The mechanism underlying metformin-induced vitamin B12 deficiency is not fully understood, but several
hypotheses have been proposed. Metformin may interfere with the calcium-dependent absorption of the vitamin B12-
intrinsic factor complex in the terminal ileum [22]. Additionally, metformin may alter the gut microbiota, leading to a
reduction in vitamin B12-producing bacteria [23].

The clinical implications of metformin-induced vitamin B12 deficiency are significant, as it can lead to the
development of anemia and neuropathy, which may be mistakenly attributed to diabetes-related complications [24]. In
the present study, the duration of metformin therapy >10 years was significantly associated with an increased risk of
vitamin B12 deficiency (adjusted OR: 5.18, 95% CI: 1.16-23.12, p=0.031). This finding highlights the importance of
regular monitoring of vitamin B12 levels in T2DM patients receiving long-term metformin therapy.

Current guidelines recommend periodic monitoring of vitamin B12 levels in patients with T2DM receiving long-
term metformin therapy [25]. The American Diabetes Association (ADA) suggests that vitamin B12 levels should be
assessed periodically in patients on metformin, particularly in those with anemia or peripheral neuropathy [26].
Treatment options for metformin-induced vitamin B12 deficiency include oral or intramuscular vitamin B12
supplementation, depending on the severity of the deficiency and the patient's preferences [27].
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The strengths of the present study include the assessment of both the prevalence of vitamin B12 deficiency and
serum vitamin B12 levels in metformin-treated and non-metformin-treated T2DM patients, as well as the investigation of
the relationship between the duration and dose of metformin therapy and the risk of vitamin B12 deficiency. However,
the study has some limitations. The cross-sectional design does not allow for the establishment of a causal relationship
between metformin use and vitamin B12 deficiency. Additionally, the relatively small sample size may have limited the
power to detect significant associations between metformin dose and vitamin B12 deficiency.

The present study demonstrates that the prevalence of vitamin B12 deficiency is significantly higher in metformin-
treated T2DM patients compared to non-metformin-treated patients, and serum vitamin B12 levels are significantly lower
in metformin-treated patients. The duration of metformin therapy >10 years was significantly associated with an
increased risk of vitamin B12 deficiency. These findings underscore the importance of regular monitoring of vitamin B12
levels in T2DM patients receiving long-term metformin therapy and considering vitamin B12 supplementation in those at
high risk of deficiency. Future research should focus on elucidating the exact mechanisms of metformin-induced vitamin
B12 deficiency and developing optimal screening and treatment strategies.

Conclusion

In conclusion, this cross-sectional study demonstrates a significant association between metformin use and vitamin
B12 deficiency in patients with Type 2 Diabetes Mellitus (T2DM) aged above 40 years. The prevalence of vitamin B12
deficiency was significantly higher in metformin-treated patients (40%) compared to non-metformin-treated patients
(13.3%) (p=0.048). Furthermore, serum vitamin B12 levels were significantly lower in metformin-treated patients
compared to non-metformin-treated patients (median: 225 pg/mL vs. 320 pg/mL, p=0.006). The duration of metformin
therapy >10 years was significantly associated with an increased risk of vitamin B12 deficiency (adjusted OR: 5.18, 95%
Cl: 1.16-23.12, p=0.031), highlighting the importance of regular monitoring of vitamin B12 levels in T2DM patients
receiving long-term metformin therapy.

The findings of this study have important clinical implications for the management of T2DM patients. Healthcare
providers should be aware of the potential risk of vitamin B12 deficiency in patients receiving metformin therapy,
particularly those on long-term treatment. Routine screening of vitamin B12 levels should be considered in metformin-
treated T2DM patients, especially those with anemia or peripheral neuropathy. Early detection and treatment of vitamin
B12 deficiency can prevent the development of serious complications, such as megaloblastic anemia and neurological
disorders.

Future research should focus on elucidating the exact mechanisms underlying metformin-induced vitamin B12
deficiency and developing optimal screening and treatment strategies. Additionally, prospective studies with larger
sample sizes and longer follow-up periods are needed to establish a causal relationship between metformin use and
vitamin B12 deficiency and to determine the most appropriate timing and frequency of vitamin B12 monitoring in T2DM
patients receiving metformin therapy.
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