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Abstract

Objective: This study aimed to determine the association between metformin therapy, vitamin B12 and folate
deficiencies, and peripheral neuropathy in adults with type 2 diabetes mellitus (T2DM).

Methods: A cross-sectional study was conducted at the Department of Medicine, Tertiary Care Hospital,
Rawalpindi, from November 2023 to April 2024. The study included 224 patients with T2DM based on distinct
inclusion and exclusion criteria, with informed consent obtained from all participants. Data collection involved
assessing diabetes duration, metformin usage, dosage, and the presence of peripheral neuropathy. Serum levels
of vitamin B12, folate, and homocysteine were calculated during the evaluation.

Results: Individuals taking metformin tend to have lower serum vitamin B12 levels than those not using the
medication. Among metformin users, 27 (69.2%) were found to have vitamin B12 deficiency, compared to 12
(30.8%) in the non-user group, indicating a significant association (p=0.00). However, no significant difference
in folate levels could be determined between the groups (p = 0.55). Among participants with
hyperhomocysteinemia, vitamin B12 deficiency was identified in 20 (71.4%) individuals versus 8 (28.6%),
with a significant p-value of 0.02. While VPT and DN4 scores were comparable between groups, the DNS
score showed statistical significance, being higher in metformin users (p = 0.03).

Conclusion: This study highlights the high incidence of vitamin B12 deficiency, a preventable condition,
among metformin users in the evaluated population and its association with neuropathy. Future studies are
warranted to evaluate the efficacy of oral vitamin B12 supplementation in managing peripheral neuropathy in
this group. Patients with T2DM on metformin for more than 2 years should therefore be screened for vitamin
B12 deficiency regularly.
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Introduction

Diabetes mellitus (DM) is a highly prevalent metabolic disorder globally, with its incidence steadily increasing.
In 2014, the WHO declared that 8.5% of adults aged 18 and above were affected by diabetes. In 2019, diabetes
was responsible for 1.5 million deaths, with 48% of these occurring before the age of 70. DM is a metabolic
disorder associated with chronic hyperglycemia, caused by either a lack of insulin secretion, impaired insulin
action, or both. There are two main types of DM. Type 1 DM is an autoimmune disease where the pancreas
produces little/no insulin, requiring lifelong insulin therapy. Type 2 DM is associated with insulin resistance. It
is managed with medications and sometimes insulin. Metformin, a first-line oral hypoglycemic agent, is widely
used to manage Type 2 DM in adults. The diagnosis of DM is made when fasting plasma glucose is more than
126 mg/dL (7.0 mmol/L), the 2 h OGTT plasma glucose is more than 200 mg/dL (11.1 mmol/L), or the HbAlc
level is higher than 6.5%, or the random plasma glucose level is higher than 200 mg/dL (11.1 mmol/L). Vitamin
B12 is a crucial coenzyme for DNA synthesis and neuroprotection. However, prolonged metformin use may
impair vitamin B12 absorption and alter intestinal motility. '

Although metformin is generally considered safe and effective over the long term, its use is associated with
vitamin B12 deficiency, especially at higher doses (=1500 mg/day). This deficiency is primarily attributed to
metformin’s effects on vitamin B12 absorption. Vitamin B12, or cobalamin, is a water-soluble vitamin
predominantly derived from animal-based foods.? A deficiency in vitamin B12 and folate is linked to various
complications, including macrocytic anaemia, progressive demyelination, peripheral neuropathy, and
cardiovascular issues. Studies have suggested that metformin therapy may reduce serum levels of both
vitamins.* Dose of metformin >1500 mg/day can lead to a reduction in vitamin B12 levels.”

Among diabetic patients treated with metformin, vitamin B12 deficiency is notably prevalent, affecting
approximately 22% of T2DM patients and 41% of those on metformin therapy."" Folate deficiency has also
been documented in these patients, with a prevalence of 34.3%. Prolonged use of metformin (=6 months)
further increases the likelihood of deficiency.” Assessing serum levels of vitamin B12, methylmalonic acid, and
homocysteine can aid in identifying early deficiencies.'

Deficiencies in vitamin B12 and folate in individuals with diabetes may result in severe complications, such as
megaloblastic anaemia and cognitive impairments. Consequently, annual evaluations of vitamin B12 levels are
recommended for metformin users, with intramuscular vitamin B12 supplementation advised upon detecting a
deficiency."!
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This study aimed to evaluate the prevalence of vitamin B12 and folate deficiency and peripheral neuropathy among diabetic patients treated with
metformin compared to those not treated with the drug. The findings may aid in the early identification of these deficiencies, thereby mitigating
associated complications through timely supplementation.

Materials And Methods

This cross-sectional study was conducted at a tertiary care hospital in Rawalpindi, Pakistan, over six months from November 2023 to April 2024.
Non-probability consecutive sampling was utilised to recruit participants. The sample size, determined using the World Health Organization sample
size calculator with a 95% confidence interval and a 2.1% prevalence of vitamin B12 and folate deficiency, included 224 individuals with type 2
diabetes mellitus (T2DM). Of these, 112 were metformin users, while the remaining 112 did not use metformin.

The study received ethical clearance from the Institutional Review Board, with approval reference number 468.

Patients aged 18 to 85 years, diagnosed with T2DM, and attending either inpatient or outpatient facilities were included after providing verbal
consent. The participants were divided into two groups: Group 1 comprised patients with T2DM not taking metformin, whereas Group 2 included
those receiving metformin monotherapy at a dose exceeding 500 mg daily.

Patients were excluded if they declined to provide verbal consent or if they were on insulin therapy in combination with metformin. Other exclusion
criteria included a history of pernicious anaemia before T2DM diagnosis, malabsorption syndromes (e.g., celiac disease and inflammatory bowel
disease), malnourishment, strict vegetarian or carnivore diets, active cancer, abdominal surgeries, thyroid disorders, autoimmune diseases (e.g.,
vitiligo, Addison’s disease, and hypoparathyroidism), and pregnancy. Patients who had received oral or intramuscular vitamin B12, vitamin D,
calcium, or proton-pump inhibitors within the past three months and were on methotrexate or antifolate drugs were also excluded.

A comprehensive demographic and clinical history was collected, including age, sex, blood pressure, body mass index (BMI), personal and drug
history, duration and dose of metformin use, and details regarding the onset and treatment of T2DM. Data were recorded using a predesigned
questionnaire. Serum vitamin B12 and folate levels were measured under sterile conditions in both groups. Serum samples of 3 ml were taken for
vitamin B12 and folate levels. The Cobas e 801 automated chemistry analyser (Roche Diagnostics, Basel, Switzerland) was used to measure vitamin
BI12 and folate levels. Vitamin B12 deficiency was identified as a serum concentration below 200 pg/mL, whereas folate deficiency was
characterized by levels below 2.5 ng/mL. Patients with low vitamin B12 levels were further tested for hyperhomocysteinemia, which was defined
as levels >15 pmol/L, and normal levels were <15 pumol/l.

Neuropathy assessment included measurement of the vibration perception threshold (VPT) using a neurothesiometer on the big toe pulp of both
feet. VPT scores were categorised as follows: < 15 V (normal), 16-25 V (intermediate), and > 25 V (abnormal). Neuropathic pain was assessed
using the Douleur Neuropathique 4 (DN4) questionnaire, with scores >4 indicating neuropathic pain. The Diabetic Neuropathy Symptom (DNS)
score was also calculated, with a score >1 indicating diabetic neuropathy.

Data analysis was carried out using SPSS software, version 26. Descriptive statistics for continuous variables were represented as the mean and
standard deviation, while categorical data were presented as counts and percentages. To compare the differences between groups, paired t-tests,
independent t-tests, and Chi-square tests were applied. A p-value of less than 0.05 was considered to indicate statistical significance.

Results

A total of 224 individuals participated in the study and were equally divided into two groups: 112 patients who were on metformin and 112 who
were not.

Table 1: Comparison of Demographic and Clinical Features between Patients on Metformin and Those Not on Metformin

Metformin Use p-value
"Yes n=112 "No n=112
18-37 years 7 (63.6%) 4 (36.4%)

Age Groups 38-57 Years 30 (44.1%) 38 (55.9%) 0.41

58-77 Years 69 (53.1%) 61 (46.9%)
78-97 Years 6 (40.0%) 9 (60.0%)

Gender Male 63 (51.6%) 59 (48.4%) 0.59
Female 49 (48.0%) 53 (52.0%)

Diabetes Duration 0-5 years 37 (44.0%) 47 (56.0%) 0.37
6-10 years 48 (52.7%) 43 (47.3%)
11 years or more 27 (55.1%) 22 (44.9%)

Systolic BP Normal 96 (51.6%) 90 (48.4%) 0.28
High 16 (42.1%) 22 (57.9%)

Diastolic BP Normal 87 (50.6%) 85 (49.4%) 0.75
High 25 (48.1%) 27 (51.9%)

BMI 18.5-24.9 104 (52.5%) 94 (47.5%) 0.03
25 or more 8 (30.8%) 18 (62.9%)

Hemoglobin Low 29 (53.7%) 25 (46.3%) 0.53
Normal 83 (48.8%) 87 (51.2%)

HbAlc 6.5to0 7 13 (43.3%) 17 (56.7%) 0.63
>7t07.5 39 (55.7%) 31 (44.3%)
>7.6to 8 30 (46.9%) 34 (53.1%)
>8 30 (50.0%) 30 (50.0%)
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The average age of the participants was 59.9 & 11.8 years. In the metformin group, 63 (56.3%) were men, and 49 (43.8%) were women, whereas
in the non-metformin group, 59 (52.7%) were men and 53 (47.3%) were women.

Vitamin B12 deficiency was notably more prevalent among patients using metformin, with 27 (69.2%) of them affected, compared to only 12
(30.8%) of those not on metformin. However, no significant difference in folate deficiency was observed between the two groups (p =0.55). Among
those with B12 deficiency, 20 (71.4%) also exhibited hyperhomocysteinemia, compared to 8 (28.6%) without it, and this association was statistically
significant (p = 0.02).

Table 2: Vitamin B12, Folate, and Homocysteine levels in Metformin users and Metformin non-users
Metformin use

Yes n=112 No n=112
o Deficiency 27 (69.2%) 12 (30.8%)
Vitamin BI2 Levels Normal 85 (45.9%) 100 (54.1%) 0.00
Deficiency 5(41.7%) 7 (58.3%)
Folate Levels Normal 107 (50.5%) 105 (49.5%) 0.55
Not done 85 (45.9%) 100 (54.1%)
Homocysteine levels Raised 20 (71.4%) 8 (28.6%) 0.02
Normal 7 (63.6%) 4 (36.4%)

There were no significant differences in the VPT and DN4 scores between the metformin and non-metformin groups. The DNS score was
significantly different between the metformin and non-metformin groups.

Table 3: Association of VPT, DNS, and DN4 scores with Vitamin B12 Deficiency

Metformin use p-value
Yes n=112 No n=112
VPT <15 102 (48.6%) 108 (51.4%) 0.14
15-25 4 (57.1%) 3 (42.9%)
>25 6 (85.7%) 1(14.3%)
DNS <1 100 (48.1%) 108 (51.9%) 0.03
>1 12 (75.0%) 4 (25.0%)
DN4 <4 104 (48.8%) 109 (51.2%) 0.12
>4 8 (72.7%) 3 (27.3%)
MetforminUse DNSscore
Mo B normal
= VES B raised

DMN4score VPTscore

M-
[ P
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Discussion

The global prevalence of diabetes is increasing. It was estimated to be 463 million (9.3% of adults aged 20—79 years) and is expected to increase
to 700 million by 2045. Over 90% of diabetes mellitus cases are Type 2 DM. T2DM is also associated with increased healthcare costs, estimated
to be $850 billion globally.!? In 2016, 2018, and 2019, the prevalence of diabetes in Pakistan was 11.77%, 16.98%, and 17.1%, respectively.
According to the International Diabetes Federation, in 2022, 26.7% of adults in Pakistan were affected by diabetes, making the total number of
cases approximately 33,000,000."* Metformin, the first-line oral hypoglycaemic agent prescribed for type 2 diabetes mellitus (T2DM), is
primarily used to manage insulin sensitivity and weight reduction. Despite its benefits, prolonged metformin use is associated with deficiencies
in vitamin B12 and folate, which can lead to cognitive impairment, neuropathy, and diabetic retinopathy.'* These deficiencies are often linked to
the dose and duration of treatment, usually becoming evident after four to five years, although they have been documented as early as four months
of metformin therapy. While the reduction in vitamin B12 absorption in the terminal ileum due to metformin is well-established, the precise
mechanisms behind this effect are still not fully understood.'*

The main aim of T2DM treatment is to optimise blood glucose levels to improve quality of life. Since its discovery in 1922, metformin has been
a cornerstone of diabetes management, effectively reducing hepatic glucose production and improving glucose uptake by peripheral tissues, such
as the muscle and liver. However, its long-term use has been linked to reduced vitamin B12 levels, with some studies also noting a slight reduction
in folate levels.'®

In a study by Miyan et al. at Bagai University, Karachi, involving 932 participants, metformin users exhibited a significantly higher prevalence
of vitamin B12 deficiency (<200 pg/mL) than non-users (3.9% vs. 2.1%). Our study supports this finding, with a significantly higher proportion
of metformin users (69.2%) showing vitamin B12 deficiency than 30.8% in the non-metformin group.'” Farooq et al. also reported vitamin B12
deficiency in 11% of metformin users,'® while Kakarlapudi et al.'s meta-analysis found significantly lower serum B12 concentrations in patients
taking metformin regularly than in those not on metformin.'

Additionally, hyperhomocysteinemia was identified in 71.4% of patients with vitamin B12 deficiency in our study (p = 0.02), which aligns with
findings by Yazidi et al., who also observed a positive correlation between elevated homocysteine levels and low vitamin B12 levels.? Rojbi et
al. similarly found that metformin users had a higher likelihood of borderline-low B12 levels (356 pg/mL) (p<0.01), with each year of metformin
use increasing the likelihood of developing B12 deficiency.?! Wale et al. conducted a cross-sectional study and found that Vitamin B, and folate
deficiency were documented in 5% and 23.8% of participants on metformin dose >1500 mg/day.?

Peripheral neuropathy, assessed using DNS scores, was significantly more common in metformin users (p = 0.03) in our study. Yang et al. also
reported a higher incidence of peripheral neuropathy in metformin users (84%).2* However, some studies have reported conflicting results. For
example, Rodriguez et al. found no substantial variation in vitamin B12 levels between metformin-treated patients and those not taking the drug.?*
Genc et al. also found only folic acid deficiency in metformin users.?

These contradictory findings emphasise the need for further studies to better understand the relationship between metformin use, vitamin B12
and folate deficiencies, and their potential impact on neuropathy and overall patient health in type 2 diabetes mellitus (T2DM).

This study investigated the complex relationship between vitamin B12 deficiency and metformin. Routine monitoring of vitamin B12 levels in
patients on metformin for extended periods is important to identify and address the deficiency in its early stages. Routine supplementation can
reduce the risk of adverse effects.

Several limitations of this study must be acknowledged. First, a comprehensive evaluation of diabetic peripheral neuropathy was not conducted,
as the study did not include systematic assessments beyond the chosen scores. Second, the cross-sectional design precludes establishing a direct
causal relationship between metformin use and deficiencies in vitamin B12 or folate. Lastly, as a single-center study, the findings may not be
generalizable to the broader population of patients with T2DM who are treated with metformin. In the future, multicentre studies should be
conducted to counter these limitations.

Conclusions

Understanding the multifaceted effects of metformin in T2DM management involves recognising its potential role in contributing to vitamin B12
and folate deficiencies. These deficiencies, in turn, are associated with preventable complications, such as peripheral neuropathy. Our study
pinpoints the importance of regular screening and vitamin B12 supplementation in diabetic patients on metformin. Although folate deficiency
appears less significant in this context, its potential impact warrants further exploration. Proactive strategies, including regular monitoring of B12
levels and appropriate supplementation, are essential for mitigating the long-term risks associated with metformin therapy.
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