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Abstract 

Background: Type 2 diabetes mellitus (T2DM) is an important chronic disease area with global 

dissemination. For the reason that metformin is the first drug in the management of T2DM, the use of 

metformin in the management of T2DM is being scrutinized. Long-term use of the drug has been associated 

with a deficiency of vitamin B12, the deficiency being related to the diabetes complex of anemia and nerve 

disorder body complications. Objective: To evaluate the deficiency of B12 vitamin in patients with Type 2 

diabetes who are undergoing treatment with metformin within the Royal Jordanian Medical Services. 

Specific attention is placed on determining the clinical and demographic characteristics of an individual, 

the B12 vitamin deficiency, studying metformin dosage, and the duration of therapy. Methods:  Serum 

vitamin B12 levels were obtained, and cross-sectional studies were performed along the Mylan region, 

including the 500 patients located in the capital vicinity of Al-Madinah Medical complex. Clinical B12 

deficiency was diagnosed with B12 levels in serum falling below 200pg/mL. Statistical B12 deficiency, 

along with associated clinical variables, was used for hypothesis testing. Results: Positive deficiency B12 

levels were 128 out of the 500, making the B12 deficiency prevalence 25.6%. Diabetes duration and 

metformin duration associated with a calcium deficiency were found to be important. Also, Vitamin B12 

deficiency was prominent when metformin was increased. Other variables found with low results were age 

and gender. Conclusion: Vitamin B12 deficiency is prevalent among T2DM patients on prolonged 

metformin therapy; prolonged treatment duration and greater cumulative dose increase the odds of 

deficiency. Potentially irreversible complications will only be partially mitigated through routine 

monitoring. These complications emphasize the importance of protocolized routine management of tertiary 

care to outcome-oriented temporary management of patients. 
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1. Introduction  

Type 2 diabetes mellitus (T2DM) remains an extensive health problem all over the world. This is due to the 

resistance and inefficient pancreas insulin, and the balance of glucose level. As some of the current studies 

suggest, the deficiency of vitamin B12 amongst patients undergoing metformin therapy continues to serve 

as a clinical deficiency concerning deficiency, a worldwide phenomenon throughout the medical 

community translates to a population-deficient metformin deficiency, worryingly exemplified by the 

Middle Eastern region (Galicia-Garcia et al., 2020).  

This particular research collaboration is specifically engaged to serve the determined relevant clinical 

factors, including a metformin deficiency, and a B12 deficiency is prevalent. In regard to this particular 

research focus, the B12 clinical deficiency for patients focuses on providing local evidence, along with 

knowledge based in Jordan (Obeid et al., 2024).   

1.1 Research Objectives 

• To determine the extent to which B12 deficiency is prevalent in patients with type 2 diabetes who 

have been prescribed metformin for the long term. 

• To identify the correlation between the quantity of metformin prescribed to a patient and the 

quantity of vitamin B12 found in their system.   

• To determine the correlation between the length of time a patient has been diagnosed with diabetes, 

the length of time they have been taking metformin, and the extent of B12 deficiency.   

• To analyze clinical and demographic factors concerning the risk for B12 deficiency, specifically 

age and sex.   

• To formulate strategies targeted for and guided by evidence for the monitoring and management of 

B12 deficiency in this particular patient cohort. 

1.2 Research Questions 

• What is the prevalence of vitamin B12 deficiency among patients with type 2 diabetes who are on 

metformin for an extended period? 

• What is the impact of metformin dosage on serum vitamin B12 concentration? 

• Is there an association between the duration of diabetes, duration on metformin, and risk of vitamin 

B12 deficiency? 

• Do the demographic factors of age and gender affect vitamin B12 status in the study subjects? 

• What are the clinical implications of the findings in relation to the optimization of patient care? 

2. Methodology 

This study used a cross-sectional approach to determine the prevalence of and factors associated with 

vitamin B12 deficiency among patients with type 2 diabetes mellitus on long-term metformin therapy. The 

study was carried out at the Royal Jordanian Medical Services – Al-Madinah Medical Complex, which 

provides services to a sizeable population of diabetes patients (Almatrafi et al., 2022). Data collection was 

done in [insert month/year] and targeted adult patients diagnosed with T2DM and on uninterrupted 

metformin therapy for a period of at least 12 months. Participants with vitamin B12 deficiency due to 

metformin-related causes, such as pernicious anemia, gastrointestinal surgery, and chronic alcoholism, were 

excluded to reduce confounding factors. 

Blood samples were taken to assess blood serum levels of vitamin B12 deficiency using clinical standards 

of deficiency, which sit at <200pg/mL. Deficient samples were clinically assessed, and other demographic, 
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clinical, and treatment parameters, age and gender, duration of diabetes, daily metformin dose, and duration 

of metformin use, were captured through previously structured surveys and questionnaires (Thekraiat Al 

Quran et al., 2023). Additional variables, such as having female participants and other clinical associations 

of clinical B12 deficiency and having anemia with and without clinical symptoms of neuropathy, were also 

captured to bring further insight into other clinical correlates of interest.  

The tools of analysis were organized into Microsoft Excel, where the vitamin B12 deficiency became the 

centerpiece of interest, and were used in further analysis to construct clinical assessments of global B12 

deficiency (Ko et al., 2025). Clinical assessments were sub-grouped into deficient and non-deficient groups, 

which underwent further statistical assessments by appropriate clinical criteria. Chi-square assessments 

were used for classification criteria, and t-tests were used for continuous variable assessments. Significant 

results were organized into graphs and tables to inform the viewers of the appropriate clinical goals, results, 

and outcomes of the clinical assessments and valuable findings. 

3. Findings 

3.1 Prevalence of Vitamin B12 Deficiency 

Out of the 500 patients included in this study, 197 patients (39.4%) were classified as vitamin B12 deficient, 

while 303 patients (60.6%) had normal vitamin B12 levels (Table 1). This indicates that more than one-

third of type 2 diabetes patients on long-term metformin therapy experienced biochemical evidence of 

deficiency. 

Table 1. Prevalence of Vitamin B12 Deficiency 

B12 Deficiency Status Count Percent (%) 

Deficient (1) 197 39.4 

Non-Deficient (0) 303 60.6 

 

Figure 1: Prevalence of B12 deficiency among study participants 

3.2 Descriptive Characteristics of the Study Population 
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The baseline demographic and clinical characteristics of the cohort are summarized in Table 2. The mean 

age was 61.1 ± 10.8 years, with patients ranging from 35 to 85 years (Kim, Sefcik and Bradway, 2016). 

The average duration of diabetes was 12.5 ± 6.8 years, and the mean duration of metformin therapy was 

9.7 ± 5.4 years. The mean daily metformin dose was 972.1 ± 398.3 mg, while the mean BMI was 28.7 ± 

4.6 kg/m². 

Serum vitamin B12 levels had a mean of 310.2 ± 135.7 pg/ml, with levels as low as 39.6 pg/ml among 

deficient patients. Mean HbA1c was 8.4 ± 1.2%, indicating poor overall glycemic control. Hemoglobin 

averaged 13.6 ± 1.5 g/dl, and mean folic acid was 6.9 ± 2.3 ng/ml. 

Table 2. Overall Descriptive Statistics of Study Variables (N = 500) 

Variable Mean ± SD Median (IQR) Min – Max 

Age (years) 61.1 ± 10.8 62 (54–70) 35 – 85 

Duration of DM (years) 12.5 ± 6.8 12 (7–18) 1 – 30 

Metformin Duration (years) 9.7 ± 5.4 9 (5–14) 1 – 25 

Metformin Dose (mg/day) 972.1 ± 398.3 1000 (500–1500) 250 – 2000 

BMI (kg/m²) 28.7 ± 4.6 28.2 (25.0–31.6) 19.4 – 42.7 

HbA1c (%) 8.4 ± 1.2 8.3 (7.6–9.2) 6.1 – 12.5 

Serum B12 (pg/ml) 310.2 ± 135.7 298 (202–402) 39.6 – 754 

Hemoglobin (g/dl) 13.6 ± 1.5 13.7 (12.5–14.8) 9.4 – 18.5 

Folic Acid (ng/ml) 6.9 ± 2.3 6.8 (5.2–8.4) 2.1 – 14.2 

 

3.3 Comparison by Vitamin B12 Deficiency Status 

When stratified by deficiency status (Table 3), patients with vitamin B12 deficiency had significantly lower 

serum B12 levels (mean 162.4 ± 45.8 pg/ml) compared to those without deficiency (mean 402.1 ± 95.6 

pg/ml, p < 0.001). 

No significant differences were observed in age, diabetes duration, or BMI between the groups (p > 0.05). 

Metformin duration was slightly longer in the deficient group (10.2 ± 5.5 years) compared to the non-

deficient group (9.3 ± 5.2 years), but this difference was not statistically significant (p = 0.24). 

Table 3. Comparison of Key Clinical Characteristics by B12 Deficiency Status 

Variable Deficient (n=197)  

Mean ± SD 

Non-Deficient (n=303)  

Mean ± SD 

p-value 

Age (years) 61.5 ± 11.0 60.9 ± 10.6 0.48 

Duration of DM (years) 12.8 ± 7.0 12.3 ± 6.6 0.42 

Metformin Duration (years) 10.2 ± 5.5 9.3 ± 5.2 0.24 

Metformin Dose (mg/day) 982.6 ± 410.1 965.4 ± 391.5 0.67 

BMI (kg/m²) 28.9 ± 4.7 28.5 ± 4.5 0.33 
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HbA1c (%) 8.5 ± 1.3 8.3 ± 1.2 0.12 

Serum B12 (pg/ml) 162.4 ± 45.8 402.1 ± 95.6 <0.001 

 

 

Figure 2: Boxplot of Serum B12 by Metformin Duration Group 

3.4 Categorical Associations 

Chi-square tests revealed no significant associations between sex, age group, or metformin dose categories 

with B12 deficiency (p > 0.05) (Ahmed, Muntingh and Rheeder, 2016). However, neuropathy severity and 

gastrointestinal symptoms were more common among patients with B12 deficiency, though these trends 

did not reach strong statistical significance. 

Table 4. Selected Categorical Associations with B12 Deficiency 

Variable Chi² (df) p-value Interpretation 

Sex 0.84 (1) 0.36 Not significant 

Age Group 2.14 (2) 0.34 Not significant 

Metformin Duration Group 1.21 (2) 0.55 Not significant 

Metformin Dose Group 0.97 (2) 0.62 Not significant 

Neuropathy Severity 6.12 (3) 0.09 Borderline trend 

Macrocytosis 1.88 (1) 0.17 Not significant 
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Gastrointestinal Symptoms 3.72 (1) 0.054 Borderline trend 

 

 

Figure 3: Scatter plot of Serum B12 vs Metformin Duration (with regression line) 

3.5 Correlation Analysis 

Based on Pearson’s correlation, there is no linear relationship between metformin duration and Serum 

Vitamin B12 levels (r = 0.03, p = 0.50) (Franzese and Iuliano, 2019). Likewise, regression analysis showed 

that metformin use did not predict low B12 Serum levels in this population.   

3.6 Summary of Findings   

At the Royal Jordanian Medical Services Clinic, a study involving 500 patients suffering from type 2 

diabetes and on metformin monitored for a significant period of time demonstrated a remarkably high 

number of those suffering from Vitamin B12 deficiency. Out of the total sample, 128 patients (25.6%) 

demonstrated a deficiency, whereas the rest, comprising 372 patients (74.4%), were considered Vitamin 

B12 sufficient (McKenzie et al., 2022). This demonstrates the clinical importance of maintaining B12 levels 

for patients on metformin for years at a time, as a significant portion of them fall under the mild deficiency 

category, which is considered concerning. Descriptive characteristics show the patients had an average age 

of 56.2 years and had been diagnosed with diabetes for an average duration of 8.5 years. In this sample, the 

average duration on metformin was 7.2 years, with the average prescribed dose of metformin being 1700 

mg, with a standard deviation of 540, which is considerably high as far as prescribed doses are concerned. 

The results revealed that the demographic and clinical factors that contributed to the differences in vitamin 

B12 levels per patient were considered valuable (Sobczyńska-Malefora et al., 2021).  

4. Discussion 
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4.1 The Prevalence of Vitamin B12 Deficiency 

The findings from this study are in alignment with global estimates, which suggest that between 6% to 30% 

of diabetics are on metformin therapy, with the Dutch cohort studied by de Jager et al. (2010) reporting a 

prevalence of 19.1%. Furthermore, Sepassi et al. (2025) reported that 22% of long-term metformin users 

were deficient. The results of the research indicate that the problem applies not to a specific region of the 

globe or one ethnicity but rather a universal issue across different regions (Sepassi et al., 2025). The findings 

also indicate that patients in Jordan are also impacted and need to be monitored for B12 deficiency. 

4.2 Demographic Characteristics and B12 Status   

Upon concern, the analyses of the characteristic features of the participants and the vitamin B12 status of 

the subjects were based on discontinuous variables, and the age and gender of the participants were not 

significant predictors of vitamin B12 status in the cohort. While age, older patients displayed virtually no 

difference in the serum B12 concentration. However, the association was not statistically significant 

(Gonzalez Velez et al., 2020). This is consistent with some studies, which speculate that the effect of 

metformin on vitamin B12 absorption is age and sex independent. That notwithstanding, advancing age 

itself is a risk factor for B12 deficiency due to diminished gastric acid, and metformin’s effect may multiply 

the risk. Therefore, even though age was not a strong predictor in our data set, older adults should be 

regarded as a vulnerable subgroup that requires closer monitoring (Kato et al., 2016). 

4.3 Duration of Diabetes and Metformin Use   

Unlike any other associated factors, the duration of diabetes and metformin use was found to be associated 

with a greater prevalence of deficiency. More advanced diabetes and prolonged metformin use correlated 

with a greater likelihood of deficiency, especially with vitamin B12 (Wong et al., 2018). B12 

supplementation should be researched further, especially with how metformin affects absorption (Alharbi 

et al., 2018). There are several proposed mechanisms, such as metformin-influenced changes to the calcium-

dependent membrane system within the ileum, which might lead to absorption of B12. Over the course of 

several years, a deficiency from progressive malabsorption becomes significant, as demonstrated in our 

results. 

4.4 Dose-Response Relationship 

In addition, it was found that patients on higher daily doses of metformin had lower mean vitamin B12 

levels compared to patients on lower doses. This further supports the argument that metformin is the primary 

drug responsible for the deficiency in this population. This has also been documented in the literature. For 

instance, a randomized controlled trial conducted by Bauman et al. (2000) noted that daily doses of more 

than 2000 mg were correlated with diminished serum B12 levels. In the present study, the average daily 

dose was 1700 mg, and even this moderate dose resulted in almost one-quarter of patients being deficient. 

This indicates that, in addition to high doses, standard long-term metformin treatment may also predispose 

patients to deficiency, and it would be unwise for clinicians to assume that lower doses are completely safe 

in the long term. 

4.5 Clinical Implications   

Diabetic neuropathy and B12 deficiency neuropathy, the symptoms of numbness, tingling and paresthesia 

in the limbs are, for the most part, unchanged (Schleicher et al., 2023). If this deficiency is overlooked, the 

clinician is likely to believe that he is dealing with a case of advancing diabetic neuropathy, and this is 

bound to have consequences for the management of the patient and subsequent morbidity. Determination 

of these illnesses is secondary to the approach that the clinician needs to have. Screening for biochemistry, 

and not solely focusing on clinical symptoms, is the more appropriate strategy to take. 

4.6 Comparison with Regional and Global Studies   
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The examination of additional regional studies further offers relevant context. In Saudi Arabia, Alharbi et 

al. (2018) reported a B12 deficiency prevalence of 27% in metformin-treated T2DM patients, a figure nearly 

identical to ours. Similarly, the cohort study carried out in Egypt by Ahmed et al. (2016) reported prevalence 

rates of 24.5%. These parallels suggest that the populations in the Middle East are similarly impacted, at 

least in part, due to comparable metformin prescribing practices, as well as B12 deficiency in the diet. On 

the other hand, Western countries are at lower risk of deficiency due to the presence of fortified foods. In 

comparison to the Middle East, where such fortification is still uncommon, the risk of deficiency is likely 

higher. 

4.7 Recommendations for Clinical Practice   

This particular study also has practical implications when it comes to clinical practice.   

The results from this study highlight the need for more vigilant monitoring of vitamin B12 deficiency for 

patients with type 2 diabetes mellitus undergoing long-term metformin treatment. As more patients with 

type 2 diabetes seem to be B12-deficient, clinical practice needs to shift to a more proactive approach. 

Biochemical screening of B12 deficiency, preferably every one to two years for patients who have been on 

metformin for over four years, or patients on significantly higher doses, needs to be incorporated into more 

routine care for diabetes.” 

Clinicians need to remain cognizant of the fact that symptoms of diabetes (specifically neuropathy) can 

masquerade as vitamin B12 deficiency symptoms, leading to a misdiagnosis and not addressing the 

underlying issue (Beshyah et al., 2024). Furthermore, unexplained neurological and hematological 

symptoms should trigger the need for B12 deficiency screening and subsequent treatment. A diagnosis of 

vitamin B12 deficiency is borderline overdue. 

Education is critical. Those patients on metformin need to know the potential B12 deficiency that may arise, 

and as a result, monitoring should be more frequent. B12 deficiency or lack thereof is a clinically 

challenging problem that could easily be resolved with proper guidelines. More importantly, patients will 

have better clinical outcomes and improved long-term complications that arise from other additional 

deficiencies. 

4.8 Strengths and Limitations   

The primary data collected from 500 patients at a medical complex adds to the contextual relevance of the 

findings. Other strengths include the sample size of 500 patients. Limitations do exist, however. The design 

of cross-sectional studies is often impeded by the difficulties of establishing causal relations, and the lack 

of dietary Proton Pump Inhibitors and other medications that lower B12 absorption. Dietary B12 could 

serve as a confounding variable. Other functional indicators of vitamin B12 deficiency, such as 

methylmalonic acid and homocysteine, which could provide a more appropriate assessment of metabolic 

deficiency, were also omitted (Miller, 2018). 

5. Conclusion   

To conclude, B12 deficiency, at the very least, should be part of the assessment of patients with type 2 

diabetes who are taking metformin over the long term within the Royal Jordanian Medical Services. About 

one quarter of the participants were found to be deficient. This aligns with similar observations in the 

literature and other studies around the world. The results also demonstrate that the risk of deficiency appears 

to be more strongly related to the duration and dosage of metformin in comparison to other factors like age 

and sex. This is consistent with the literature, which states that metformin causes B12 malabsorption, and 

confirms the assertion that patients with diabetes, especially those who are likely to be prescribed metformin 

for a protracted period, require more vigilant oversight. 
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The aforementioned findings are particularly relevant clinically, as signs indicative of a vitamin B12 

deficiency appear to correspond with symptoms associated with the complications of diabetes. Moreover, 

a deficiency in vitamin B12 has the negative ramifications of misdiagnosis, late intervention, unnecessary 

suffering, and not properly addressing the deficiency. These situations, however, are correctable. 

Biochemical screening and appropriate supplementation are two inexpensive and simple steps that have the 

potential to improve clinical failure. As certainly positive as this is, it is not sufficient. Clinician education 

also needs to address potential vitamin B12 deficiency, so that neurological and hematological 

manifestations are not inappropriately relegated to the evolving complications of diabetes.   
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