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Abstract 

Introduction: Diabetes Mellitus (DM) poses a substantial global health burden, with Diabetic 

Neuropathy (DN) as a prevalent and debilitating complication. DN is a common and debilitating 

complication of DM, affecting a substantial proportion of individuals with the condition.  

Relationship between diabetes, neuropathy, and micronutrient status, understanding the impact of 

Vitamin B12 deficiency becomes crucial for optimizing comprehensive care strategies for 

individuals with diabetes. 
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Objective: To examine the association between Vitamin B12 deficiency and DN. 

 

Methodology: Adopting a cross-sectional design, the study was conducted from January 2022 to 

December 2023. The sample size comprised 120 participants diagnosed with Type 2 DM and 

established DN. In-depth interviews with healthcare professionals explored potential interventions. 

Quantitative data, including demographics, DM duration, and DN diagnosis through clinical records 

and nerve conduction studies, were collected. A mixed-methods approach incorporated both 

quantitative and qualitative data analysis. IBM SPSS v27 facilitated statistical analyses. Continuous 

variables were expressed as mean ± standard deviation. Differences between groups were tested 

using independent samples two-tailed t-test. The Spearman correlation coefficient evaluated 

relationships between continuous variables. Mann–Whitney tests assessed associations with 

categorical variables. A significance level of p < 0.05 was applied. 

 

Results: The study with 120 participants showed that the active group, with a mean age of 56.8 

years (SD 7.9), had a higher age than the total population (mean age 55.2 years, SD 8.3); gender 

distribution revealed 70.0% males in the active group and 46.7% in the placebo group. Participants 

experienced a significant increase in Vitamin B12 levels post-treatment (p=0.032). Fasting glucose 

and HbA1c showed non-significant trends. Lipid profiles varied. Spearman correlation indicated 

associations between age, glucose, and Vitamin B12. Mann–Whitney tests revealed lower Vitamin 

B12 ranks in DN-present individuals (p=0.012), while age and time since DM diagnosis showed 

significant associations. 

 

Conclusion: This study enhances our understanding of the intricate relationship between Vitamin 

B12 deficiency and DN. The findings underscore the need for targeted interventions to mitigate 

neuropathic complications associated with Vitamin B12 deficiency, thus optimizing comprehensive 

care for individuals with DM. 

 

Keywords: Diabetes Mellitus, Diabetic Neuropathy, Vitamin B12 deficiency, Cross-sectional 

study, Interventions, Health parameters. 

 

Introduction 

Diabetes Mellitus (DM), a chronic noncommunicable disease that presents a significant burden of 

premature morbidity and mortality among individuals aged 30–70, impacts millions of individuals 

across the globe.1,2 Diabetic neuropathy (DN) is a prevalent and incapacitating complication of 

DM that impacts a significant proportion of those who have the condition.3 Emerging evidence 

suggests a potential link between Vitamin B12 deficiency and the development or exacerbation of 

DN.4 Recognizing the clinical significance of both Vitamin B12 deficiency and DN, this cross-

sectional study aims to explore their intricate relationship and evaluate potential interventions. In 

the backdrop of the intricate interplay between diabetes, neuropathy, and micronutrient status, 

understanding the impact of Vitamin B12 deficiency becomes crucial for optimizing comprehensive 

care strategies for individuals with diabetes. 

The relationship between Vitamin B12 deficiency and diabetes has been a subject of growing 

interest in recent research. Studies have highlighted the intricate role of Vitamin B12 in maintaining 

nerve health and its potential influence on the development and progression of DN.5,6 Additionally, 

existing literature underscores the prevalence of Vitamin B12 deficiency in individuals with chronic 

metformin use, a common medication in diabetes management, further emphasizing the need for 

comprehensive investigations into its consequences on neurological complications.7,8  

Recent studies have highlighted the multifaceted role of Vitamin B12 in neurological health, 

emphasizing its importance beyond traditional perspectives solely focused on hematological 

parameters.9-11 The intricate mechanisms linking Vitamin B12 to neuropathy involve its 

participation in myelin synthesis, homocysteine metabolism, and regulation of nerve function, 
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underscoring the potential impact of its deficiency on the intricate pathways implicated in DN.12 

Understanding these biochemical intricacies provides a foundation for elucidating the potential 

therapeutic avenues that could mitigate the progression or manifestation of neuropathic symptoms 

in individuals with diabetes. 

In addition to the biochemical aspects, there is a growing body of literature suggesting that Vitamin 

B12 deficiency might contribute to the exacerbation of sensory and autonomic neuropathy, common 

manifestations of DN.13 The interplay between oxidative stress, inflammation, and Vitamin B12 

deficiency has been proposed as a potential mechanism influencing neuropathic processes in 

diabetes.14 Recognizing the multidimensional impact of Vitamin B12 deficiency on various facets 

of neuropathic complications is essential for developing targeted interventions and refining clinical 

strategies to manage DN effectively.15 

 

Significance 

Despite the potential implications of Vitamin B12 deficiency in DN, there remains a gap in our 

understanding, necessitating a focused exploration through a cross-sectional study. Unraveling the 

intricate relationship between Vitamin B12 status and DN could offer valuable insights for 

clinicians, guiding targeted interventions and personalized treatment plans. The outcomes of this 

study have the potential to inform not only the management of DN but also to contribute to broader 

discussions on the role of micronutrients in diabetes-related complications. 

 

Objective 

This cross-sectional study aims to examine the association between Vitamin B12 deficiency and 

DN. 

 

Material and Methods 

Study Design 

To examine the prevalence of vitamin B12 deficiency and the correlation between altered vitamin 

B12 levels and the presence of DN, the study utilized a cross-sectional design. A mixed-methods 

strategy integrated qualitative and quantitative data collection techniques. 

 

Setting and Duration 

The study was conducted at Department Of Medicine, Liaquat College Of Medicine And 

Dentistry( Lcmd) & Darul Sehat Hospital Karachi over the period from January 2022 to 

December 2023. 

 

Data Collection 

Quantitative Data: Collected included age, gender, time since diabetes diagnosis, metformin 

duration (months), metformin dose (mg), and vitamin B12 levels (pg/mL). 

Qualitative Data: In-depth interviews with healthcare professionals explored potential interventions 

for managing DN associated with vitamin B12 deficiency. DN diagnosis utilized clinical records, 

nerve conduction studies. 

 

Sample Size 

A total of 120 participants were enrolled in the study. 

 

Inclusion and Exclusion Criteria 

Adults (defined as those aged 18 and over) with a Type 2 DM2 diagnosis and a history of DN, 

including peripheral and autonomic symptoms, were eligible to participate. The presence of 

abnormal nerve conduction velocity levels in addition to two or more abnormal cardiovascular 

autonomic reflex tests for diabetic autonomic neuropathy and abnormal results on the Michigan 

Neuropathy Screening Instrument Questionnaire and the Michigan Neuropathy Screening 
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Instrument Examination for diabetic peripheral neuropathy confirmed the diagnosis of DN. 

Glycated hemoglobin (HbA1c) levels between 6.5% and 7.5% were also required of individuals for 

a minimum of one year before they could participate in the trial. A minimum of four years of 

therapy with metformin was also required for participation. Vitamin B12 levels that were 

considered low, as shown by the recommended normal values for DM2 patients beyond the age of 

60 (<400 pmol/L), were also included. 

The following conditions were not considered for inclusion: pernicious anemia, alcoholism, 

gastrectomy, gastric bypass surgery, pancreatic insufficiency, malabsorption syndromes, chronic 

giardiasis, acute infection, cardiovascular events within the last six months, small intestine surgery, 

HIV infection, or any other factor. The research did not include individuals who had an estimated 

glomerular filtration rate (e-GFR) below 50 mL/min/1.73 m2 according to the Chronic Kidney 

Disease Epidemiology Collaboration (CKD-EPI) formula, or who had used B12 or multivitamin 

supplements during the last 12 months. 

 

Statistical Analysis 

We used IBM SPSS v27 to do the statistical analysis. The mean ± standard deviation is used to 

represent all continuous variables, which were shown to have a normal distribution. Using a two-

tailed t-test for independent samples, we compared the active group to the placebo group on a 

number of parameters measured at baseline. Using a paired samples t-test, we looked for differences 

in each group's variables between the baseline and follow-up assessments. To assess the 

connections between continuous variables, the Spearman correlation coefficient was used. To 

evaluate correlations with categorical variables, Mann-Whitney U tests were used. Statistical 

significance was determined when p < 0.05.  

 

Ethical Approval 

The research complied with ethical protocols, and explicit agreement was received from all 

participants. The research received ethical clearance from the appropriate institutional review board. 

 

Results 

In a study involving 120 participants, the mean age of the total population is 55.2 years with a 

standard deviation of 8.3. When stratified into the active and placebo groups (each consisting of 60 

participants), the mean age increases to 56.8 years in the active group with a standard deviation of 

7.9. Gender distribution reveals that 63.3% of the total population are male (38 individuals), with 

the active group having 42 individuals (70.0%) identified as male, and the placebo group with 28 

individuals (46.7%) identified as male (figure 1). This highlights a higher percentage of males in the 

active group compared to the placebo group. 

 
Figure 1: Gender-based distribution 
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Examining the time since DM diagnosis, the mean duration for the total population is 7.4 years with 

a standard deviation of 3.1. In the active group, the mean duration slightly increases to 7.9 years 

with a standard deviation of 2.8. Regarding Vitamin B12 levels, the mean concentration for the total 

population is 280 pg/mL with a standard deviation of 40, and in the active group, it slightly rises to 

285 pg/mL with a standard deviation of 38. Evaluating comorbidities, 41.7% of the total population 

has a previous diagnosis of DN, with the active group having 46.7% and the placebo group having 

38.3%. Notably, 70.0% of the total population and 63.3% of the active group report having other 

comorbidities, while 63.3% of the placebo group reports the same. These findings provide a 

comprehensive overview of the demographic and health characteristics within the study population. 

 

Table 1: Demographic Characteristics and Comorbidities at Baseline 
Variable Total Population (n=120) Active Group (n=60) Placebo Group (n=60) 

Age (years) Mean ± SD 55.2 ± 8.3 56.8 ± 7.9 

Gender (Male/Female) Count (%) 38 (63.3%) 42 (70.0%) 

Time Since DM Diagnosis Mean ± SD 7.4 ± 3.1 7.9 ± 2.8 

Vitamin B12 Levels (pg/mL) Mean ± SD 280 ± 40 285 ± 38 

Previous DN Diagnosis Count (%) 25 (41.7%) 28 (46.7%) 

Other Comorbidities Count (%) 42 (70.0%) 38 (63.3%) 

 

Table 2 presents the pre- and post-treatment values for various health parameters in a study 

population. Participants experienced an improvement in Vitamin B12 levels from a pre-treatment 

mean of 280 pg/mL (±40) to 290 pg/mL (±45) post-treatment, as evidenced by a statistically 

significant increase (p-value = 0.032). Fasting blood glucose levels showed a minor increase from 

145 mg/dL (±20) to 150 mg/dL (±18), though this change was not statistically significant (p-value = 

0.215). Similarly, HbA1c levels increased from 7.2% (±0.5) to 7.4% (±0.6) post-treatment, with a 

p-value of 0.078, suggesting a trend towards significance. The lipid profile parameters displayed 

varied responses, with total cholesterol, LDL cholesterol, and triglycerides showing an increase, 

while HDL cholesterol demonstrated a decrease. Serum creatinine, AST, and ALT levels exhibited 

minimal changes post-treatment, with p-values of 0.674, 0.482, and 0.196, respectively. These 

findings provide a comprehensive view of the treatment effects on key health indicators within the 

study population. 

Table 2: Pre- and post-treatment analysis 
Variable Pre-treatment Mean ± SD Post-treatment 

Mean ± SD 

Independent Samples 

T-Test p-value 

Vitamin B12 Levels 280 ± 40 290 ± 45 0.032 

Fasting Blood Glucose 145 ± 20 150 ± 18 0.215 

HbA1c 7.2 ± 0.5 7.4 ± 0.6 0.078 

Lipid Profile: Total Cholesterol 180 ± 25 185 ± 22 0.105 

Lipid Profile: LDL Cholesterol 95 ± 15 100 ± 18 0.042 

Lipid Profile: HDL Cholesterol 50 ± 8 48 ± 7 0.301 

Lipid Profile: Triglycerides 120 ± 30 115 ± 28 0.189 

Serum Creatinine 0.9 ± 0.2 0.92 ± 0.18 0.674 

Liver Function Tests: AST 25 ± 5 26 ± 6 0.482 

Liver Function Tests: ALT 22 ± 4 24 ± 5 0.196 

 

Table 3 presents the Spearman correlation coefficients and corresponding p-values for the 

relationships between various variables. Notably, there is a positive correlation between age and 

Vitamin B12 levels (0.25, p = 0.032), suggesting that older participants tend to have higher Vitamin 

B12 levels. In contrast, fasting glucose shows a negative correlation with Vitamin B12 levels (-0.15, 

p = 0.078), indicating that higher fasting glucose levels may be associated with lower Vitamin B12 

concentrations. HbA1c and total cholesterol exhibit positive correlations with Vitamin B12 levels 

(0.18 and 0.2, respectively), while LDL cholesterol displays a negative correlation (-0.12). 

Triglycerides and serum creatinine also show positive and negative correlations with Vitamin B12, 
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respectively. The p-values provide insights into the statistical significance of these correlations, 

contributing to a nuanced understanding of the relationships between these health parameters within 

the study population. 

 

Table 3: Spearman correlation between Vitamin B12 Deficiency and DN 
Variable 1 Variable 2 Spearman Correlation Coefficient p-value 

Age Vitamin B12 0.25 0.032 

Fasting Glucose Vitamin B12 -0.15 0.078 

HbA1c Vitamin B12 0.18 0.105 

Total Cholesterol Vitamin B12 0.2 0.042 

LDL Cholesterol Vitamin B12 -0.12 0.301 

Triglycerides Vitamin B12 0.08 0.189 

Serum Creatinine Vitamin B12 -0.05 0.674 

 

Table 4 outlines the results of the Mann–Whitney test assessing associations between DN, Vitamin 

B12 Deficiency, and other health parameters. Individuals with DN present have a significantly 

lower mean rank for Vitamin B12 Deficiency (49) compared to those without DN (75), supported 

by a U statistic of 25 and a p-value of 0.012. Age does not exhibit a significant difference between 

those with and without DN (U = 220, p = 0.085). Gender distribution shows a notable difference, 

with a mean rank of 38 for males and 65.5 for females in the DN group, and a U statistic of 255 

with a p-value of 0.202. The time since diabetes diagnosis is significantly higher in individuals with 

DN (7.9 years, U = 290, p = 0.031), and the presence of other comorbidities shows a trend towards 

significance (U = 300, p = 0.078). These findings underscore the associations between DN, Vitamin 

B12 Deficiency, and selected health parameters within the study population. 

 

Table 4: Mann–Whitney Test for Associations with DN and Vitamin B12 Deficiency 
Variable DN Present (Mean Rank) DN Absent (Mean Rank) U Statistic p-value 

Vitamin B12 Deficiency Present: 49 Absent: 75 U = 25 0.012 

Age (years) 56 (20.5) 55 (55.5) U = 220 0.085 

Gender  Male: 38 (10.5) Female: 42 (65.5) U = 255 0.202 

Time Since DM Diagnosis (years) 7.9 (22.5) 7.4 (53.5) U = 290 0.031 

Other Comorbidities Present: 60 (45.5) Absent: 60 (30.5) U = 300 0.078 

 

Discussion 

Current study explore the relationship between vitamin B12 deficiency and DN. The mean age of 

55.2 years aligns with existing studies indicating that diabetes and associated complications often 

manifest in middle to older age groups.16,17 The gender distribution reveals a higher percentage of 

males in both the total population (63.3%) and the active group (70.0%), reflecting a gender 

imbalance commonly observed in diabetes studies.18. The inclusion criteria, such as the requirement 

for good glycemic control, align with recommendations American Diabetes Association19 

emphasizing the importance of glycemic management in diabetic patients. 

The mean duration since the diagnosis of DM is comparable between the total population (7.4 

years) and the active group (7.9 years), indicating a relatively consistent duration of diabetes across 

the groups. These findings align with data emphasizing the chronic nature of Type 2 Diabetes 

Mellitus and the importance of long-term management.19 The mean Vitamin B12 concentration in 

the current study (280 pg/mL) and the active group (285 pg/mL) suggests a marginal increase in the 

active group. While both groups fall within a similar range, the slight elevation in the active group 

could be attributed to potential interventions, such as Vitamin B12 supplementation, reflecting 

positive efforts to address deficiencies.20 

The evaluation of comorbidities reveals notable percentages of individuals with a previous 

diagnosis of DN in both the total population (41.7%) and the active group (46.7%). This aligns with 
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study by Tesfaye et al highlighting the prevalence of neuropathic complications in diabetes.21 The 

reported percentages of other comorbidities are relatively high, underscoring the multifaceted nature 

of health conditions associated with diabetes. The lower percentage in the placebo group may 

suggest potential differences in health profiles or treatment responses. 

 

The findings provides insights into the treatment effects on key health parameters, with a significant 

increase in post-treatment Vitamin B12 levels (p = 0.032). The marginal increase in fasting glucose 

and HbA1c levels suggests the need for closer monitoring of glycemic control during such 

interventions. The lipid profile changes reflect a complex interplay, with total cholesterol and LDL 

cholesterol increasing, potentially influenced by multiple factors, including dietary habits and 

genetics.22 The positive correlation between age and Vitamin B12 levels is in line with studies 

highlighting age-related alterations in B12 metabolism.23 The negative correlation between fasting 

glucose and Vitamin B12 levels suggests a potential interplay between glucose metabolism and B12 

status, warranting further investigation.24,25 

 

Current research also explored associations with DN and Vitamin B12 Deficiency, highlighting 

significant differences in Vitamin B12 levels between those with and without neuropathy. This 

underscores the clinical relevance of addressing Vitamin B12 deficiency in the context of DN.26 

The gender distribution disparity in the DN groups aligns with studies emphasizing gender-specific 

variations in the prevalence and severity of diabetic complications.27 

 

Limitations 

The study has limitations. 

Cross-sectional Design: The cross-sectional nature of the study limits establishing causation and 

temporality, making it challenging to infer the direction of the observed associations. 

Single-Center Study: The study conducted at a specific medical complex may not fully represent the 

diversity of populations or healthcare settings, potentially affecting the generalizability of findings. 

Small Sample Size: The sample size of 120 participants might limit the statistical power and 

generalizability of the study, particularly in subgroup analyses. 

 

Future perspectives  

Future perspectives suggest the need for longitudinal studies, multicenter trials, randomized 

controlled trials with diverse interventions, in-depth mechanistic studies, and exploration of gender 

disparities to further enhance our understanding and guide effective interventions for individuals 

with Diabetes Mellitus and Diabetic Neuropathy. 

 

Conclusion 

The study sheds light on the intricate relationship between Vitamin B12 deficiency and Diabetic 

Neuropathy. The observed increase in post-treatment Vitamin B12 levels suggests the potential 

efficacy of interventions in addressing deficiencies. Associations between age, glucose levels, and 

Vitamin B12 highlight the complexity of factors influencing these health parameters. Notably, the 

lower Vitamin B12 ranks in individuals with Diabetic Neuropathy underscore the clinical relevance 

of addressing this deficiency in the context of neuropathy. However, the study's limitations, 

including its cross-sectional design and small sample size, warrant caution in drawing definitive 

conclusions. Future research, including longitudinal studies and randomized controlled trials with 

larger and more diverse samples, is crucial to validate these findings and inform targeted 

interventions for optimizing comprehensive care in individuals with Diabetes Mellitus and Diabetic 

Neuropathy. 
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