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ABSTRACT 

Background: Type 2 Diabetes mellitus is the leading cause of morbidity and mortality. 

Vitamin B12 deficiency is associated with multiple neurological and neurocognitive 

manifestations, including peripheral and autonomic neuropathy in diabetes patients. In the 

presence of vitamin B12 deficiency, there is an increase in the serum methylmalonic acid 

(MMA) which leads to defective fatty acid synthesis and dyslipidemia. 

Aims: To assess the serum vitamin B12 levels and its correlation with lipid profile in type 2 

Diabetes mellitus patients. 

Methodology: The present case control study was conducted at Dhiraj General Hospital, 

Piparia, Vadodara, Gujarat, India in which 100 subjects were enrolled, out of which 50 were 

cases of type 2 diabetes mellitus patients and 50 were controls. The age group for the study 

was 35 to 70 years. Blood samples were drawn to measure FBS, HbA1c, vitamin B12 and 

lipid profile. Interpretation of data was done using Medcalc software. 

 

Results: The mean levels of vitamin B12 was lower in T2DM patients than normal healthy 

individuals, difference between them was statistically highly significant (p<0.0001). The 

mean levels of serum cholesterol and serum triglyceride were higher in T2DM patients than 

normal healthy individuals, difference between them was statistically highly significant 

(p<0.0001). The correlations of serum Vitamin B12 levels with other parameters were 

significant. 

Conclusion: From this study, we concluded that there is a decrease in serum Vitamin B12 

level. Vitamin B12 is negatively correlated with Cholesterol and Triglyceride and positively 

correlated with HDL. 
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INTRODUCTION 

Diabetes mellitus is a non communicable metabolicdisorder characterized by absolute 

or relative deficiencies in insulin secretion and/or insulinaction due to either the progressive 

or marked inability of the β-Langerhans islet cells of the pancreas to produce insulin or due to 

defects in insulin uptake in the peripheral tissue (insulin resistance). It is associated with 

chronic hyperglycemia and disturbances of carbohydrate, lipid andprotein metabolism [1,2].  

 

Type 2 Diabetes mellitus is the leading cause of morbidity and mortality. The most 

common complications of diabetes mellitus are peripheral neuropathy, nephropathy, 

retinopathy, coronary artery disease, cerebrovascular disease etc[3]. Vitamin B12 deficiency 

is associated with multiple neurological and neurocognitive manifestations, including 

peripheral and autonomic neuropathy in diabetes patients [4]. Metformin therapy is now 

considered a standard first line therapy for type 2 diabetes and is commonly used. Metformin 

reduces the circulating B12 levels by about 25% [5].Vitamin B12 is a water soluble vitamin. 

Itexerts its physiological effects through mediating twoprincipal enzymatic pathways i.e. the 

methylation process of homocysteine to methionine and theconversion of methylmalonyl 

coenzyme A (CoA) to succinyl-CoA. Vitamin B12 as a co-factor facilitates the methylation 

of homocysteine to methionine which is later activated into S-adenosyl-methionine that 

donates its methyl group to methyl acceptors such as myelin, neurotransmitters and 

membrane phospholipids. Vitamin B12 deficiency hence will result in accumulation of serum 

homocysteine. Hyperhomocysteinemia hasbeen shown to have potentially toxic effects on 

neurones and the vascular endothelium. In another essential enzymatic pathway, vitamin B12 

as a co-factor mediates the conversion of methylmalonyl coenzyme A (CoA) to succinyl-

CoA. In the presence of vitamin B12 deficiency, this conversion pathway is diminished and 

an increase in the serum methylmalonic acid (MMA) ensues which leads to defective 

fattyacid synthesis of the neuronal membranes. Therefore, without early detection and 

treatment, vitamin B12 deficiency can cause irreversible, clinically significant complications 

and increased morbidity among diabetics [3]. 
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Defects in insulin action and hyperglycemia could lead to changes in plasma 

lipoproteins in patients with diabetes. In the case of type 2 diabetes, the obesity/insulin-

resistant metabolic disarray, the root of this form of diabetes could, itself, lead to lipid 

abnormalities exclusive of hyperglycemia [6]. Lipid abnormalities in patients with diabetes, 

often termed “diabetic dyslipidemia”, are typically characterized by high total cholesterol (T-

Chol), high triglycerides (Tg), low high density lipoprotein cholesterol (HDL-C) and 

increased levels of small dense LDL particles. Low density lipoprotein cholesterol (LDL-C) 

levels may be moderately increased or normal [7]. 

 

Vitamin B12 may affect serum lipid parameters because it is a cofactor of the enzyme 

that plays a role in fatty acid catabolism, and also because of its association with obesity and 

increased risk of myocardial infarction in its deficiency. The purpose of this study is to assess 

the vitamin B12 levels in type 2 diabetes patients and its correlation with lipid profile on 

Type 2 Diabetes mellitus patients. 

MATERIALS AND METHODS 

The present case control study was conducted at Dhiraj General hospital, Piparia, Vadodara, 

Gujarat, India in which 100 subjects were enrolled, out of which 50 were cases of type 2 

diabetes mellituspatients and 50 were controls. Study was conducted from July 2019 to Dec 

2019. 

 

Inclusion Criteria 

Cases: Patients Diagnosed with Type 2 diabetes mellitus. 

Controls: Non Diabetic healthy individuals. 

Age group for both cases and controls was 35-70 years. 

Exclusion Criteria 

Cases:- Those who were not willing to participate. 

            - DM patients with Liver, Renal or heart disease that could affect the outcome of the  

study. 

            - Patients taking vitamin B12 supplementation. 

Controls: - Those who were not willing to participate. 

                - Individuals taking vitamin B12 supplementation. 
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 Data was collected by personal interview, with every individual. Performa was available for 

the filling of biodata such as age and gender, clinical examination findings, investigations 

like Fasting blood glucose, glycated hemoglobin (HbA1c), lipid profile and vitamin B12. 

Participants were informed of the study purpose. 

 We had taken 50 patients diagnosed with Type 2 Diabetes Mellitus as cases and 50 Non 

Diabetic individuals as controls within the age group of 35-70 years attending the medical 

outpatient department and inpatient department of Dhiraj General Hospital. 

 Written Informed consents were taken in their respected languages and fasting blood was 

collected in vacutainer tubes. 

 Fasting blood sugar (FBS) was estimated by glucose oxidase-peroxidase method on EM-200 

fully auto chemistry analyzer. 

 HbA1c was done by by HPLC method on HB Vario machine in the Laboratory of Dhiraj 

General hospital. 

 Serum Total cholesterol and Serum Triglyceride were done by Cholesterol oxidase 

peroxidase & Glycerophosphate oxidase (GPO) end point method respectively. HDL-C was 

estimated using HDL direct reagent based on modified polyvinyl sulfonic acid (PVS) and 

PEGME coupled classic precipitation method. Serum VLDL and LDL were calculated by 

Friedewalds formula. Lipid profile was performed on EM-200 fully auto chemistry analyzer.  

 Serum Vit B12 level was measured by Chemiluminescence Immuno assay Method in the 

Laboratory of Dhiraj General Hospital on Maglumi 800 analyzer. 

Statistical Methods 

Data was presented as Mean and SD values. Test of significance was assessed by 

independent t-test. A p-value less than 0.05 (p< 0.05) is considered as statistically significant.  

Medcalc software was used for all statistical analysis. Data was presented in tabulated as well 

as graphical format. 

RESULTS 

Results are presented as Mean ± SD. The basic characteristics and mean distribution 

of biochemical parameters in the cases and controls are depicted in Table 1. There was no 

significant difference in age between the two groups. Table 1 shows, the mean level of 

Fasting blood sugar was 212.40 ± 54.92 in cases and 86.82 ± 8.74 in controls. Patients of DM 

type 2 had significantly higher level of FBS than normal healthy individuals, difference 

between them was statistically highly significant (p<0.0001). The mean level of HbA1c was 

9.50 ± 1.69 in cases and 5.17 ± 0.53 in controls. Patients of DM type 2 had significantly 
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higher level of HbA1c than normal healthy individuals, difference between them was 

statistically highly significant (p<0.0001). The mean level of serum vitamin B12 was 149.87 

± 37.69 in cases and 547.85 ± 105.17 in controls. Patients of DM type 2 had significantly 

lower level of serum vitamin B12 than normal healthy individuals, difference between them 

was statistically highly significant (p<0.0001). The mean level of Cholesterol was 216.30 ± 

47.19 in cases and 166.10 ± 27.09 in controls. Patients of DM type 2 had significantly higher 

level of Cholesterol than normal healthy individuals, difference between them was 

statistically highly significant (p<0.0001). The mean level of Triglyceride was 188.77 ± 84.11 

in cases and 123.57 ± 42.80 in controls. Patients of DM type 2 had significantly higher level 

of triglyceride than normal healthy individuals, difference between them was statistically 

highly significant (p<0.0001).  Difference of mean HDL values between cases and controls 

was not significant, though HDL values in cases of DM type 2 were low than the 

controls.Graph 1, 2, 3, 4, 5 and 6 shows graphical presentation of mean & SD levels of FBS, 

HbA1c, Vit B12, Cholesterol, Triglyceride and HDL in cases and controls respectively. Table 

2 shows correlation between Vit B12 and other biochemical parameters. Vitamin B12 was 

negatively correlated with FBS, HbA1c and Cholesterol. These correlations were very 

significant. There was no correlation found between vitamin B12, HDL and Triglyceride. Fig 

1,2,3 shows correlation scatter plot of Vitamin B12 with Cholesterol, HbA1c and FBS in 

cases respectively. 

 

Table 1: Mean distribution of biochemical parameters in DM type 2 cases and controls.   

               Values are expressed as means ±SD. 

 

Parameters Cases (n=40) Controls (n = 40) P value 

AGE (years) 56.32 ± 8.37 51.97 ± 11.71 0.06 

FBS (mg/dl) 212.40 ± 54.92 86.82 ± 8.74 <0.0001 

HbA1C (%) 9.50 ± 1.69 5.17 ± 0.53 <0.0001 

Vit B12(pg/ml) 149.87 ± 37.69 547.85 ± 105.17 <0.0001 

Cholesterol(mg/dl) 216.30 ± 47.19 166.10 ± 27.09 <0.0001 

Triglyceride(mg/dl) 188.77 ± 84.11 123.57 ± 42.80 <0.0001 

HDL(mg/dl) 45.82 ± 3.94 47.65 ± 4.92 0.07 

LDL(mg/dl) 132.72 ± 48.45 93.73 ± 26.90 <0.0001 
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VLDL(mg/dl) 37.75 ± 16.82 24.71 ± 8.56 <0.0001 

 

   p < 0.05 - significant, p< 0.001 - very significant p< 0.0001 - highly significant, p ≥ 0.05 - 

not significant 

Table 2: Correlation of vitamin B12 with different variables and biochemical 

parameters among the cases. 

 

Parameters Age HbA1c FBS Cholest

erol 

Triglyce

ride 

HDL 

 

VITAMIN 

B12 

r value -0.01 -0.585 -0.492 -0.451 -0.127 0.02 

 

P value 0.92 <0.001 <0.001 <0.05 0.23 0.90 

 

 

p < 0.05 - significant, p< 0.001 - very significant ,p< 0.0001 - highly significant, p ≥ 0.05 - 

not significant 
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Graph 2 shows mean & SD levels of HbA1c in 
cases and controls 
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Graph 3 shows mean & SD levels of vitamin 
B12 in cases and controls  
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Fig 1: Correlation scatter plot of cholesterol vs. vitamin B12 in cases 
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Graph 5 shows mean & SD levels of 
Triglyceride in cases and controls 
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Fig 2: Correlation scatter plot of HbA1c vs. vitamin B12 in cases. 

 

 

Fig 3: Correlation scatter plot of FBS vs. vitamin B12 in cases. 
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DISCUSSION: 

 

Type 2 DM, the most common form of DM, results from interaction between genetic, 

environmental and behavioural risk factors. People living with type 2 DM are more 

vulnerable to various forms of both short and long-term complications, which often lead to 

premature death [8]. Peripheral neuropathy is the most common complication of T2DM 

followed by cardiovascular, renal and ophthalmic complications [9]. 

 

In our study we found that patients of DM type 2 had significantly lower level of 

serum vitamin B12 than normal healthy individuals, difference between them was statistically 

highly significant. Our findings are coincides with study done by Shamim Ahmed et al[3].  

K.S. Akinlade et al has shown that vitamin B12 deficiency and borderline deficiency were 

recorded in 8.6% and 26.0% of the T2DM patients respectively [10]. One cross-sectional 

study of 203 type 2 diabetes patients also has reported the prevalence of B12 deficiency is 

22% [11].  N. Raizada et al concluded in their study that Metformin use was associated with a 

lower serumVitamin B12 levels. Metformin drug is used as a first line drug for the treatment 

of DM type 2 [12]. Other causes of vitamin B12 deficiency might be inadequate intake of 

nutrition, decreased metabolism and common chronic health problems [13]. Vitamin B12 

deficiency will lead to hyperhomocysteinemia. Homocysteine can be remethylated to 

methionine or transsulphurated to cystathionine. Former requires 5-methyltetrahydrofolate as 

methyl donor and vitamin B12 as a co-factor. Hyperhomocysteinemia (HHcy) is a risk factor 

strongly linked to cardiovascular complications in T2DM [9]. 
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High T-Chol, high Tg and low HDL-C in type 2 DM patients were found in study 

done by Bhowmik B [7]. Our study findings are coincides with them.Shyamala K. Venkatesh 

et al  also showed that the mean value of TC, VLDL and LDL were higher in overall T2DM 

patients than the normal range and HDL was lower in T2DM patients [14].  A study done by 

Gordon L et al showed that lipid and lipoprotein profiles of type 2 diabetic patients were not 

statistically different from those of non-diabetic subjects [15]. 

 

Sezgin Y et al concluded that there is a relationship between vitamin B12 and serum 

lipid parameters, and that serum triglyceride levels were especially affected by vitamin B12 

treatment. [16]. Vitamin B12 functions as a coenzyme in the conversion of methylmalonyl 

CoA (MM-CoA) to succinyl-CoA. This reaction is blocked if there is vitamin B12 

deficiency, resulting in accumulation of MM-CoA which inhibits the rate-limiting enzyme of 

fatty acid oxidation (CPT1 – carnitine palmitoyl transferase), thus causing lipogenesis. This 

may be the likely mechanism for the link between B12 deficiency and adverse lipid 

parameters [5,16]. In our study we found that Vitamin B12 was negatively correlated with 

FBS, HbA1c and Cholesterol. These correlations were very significant. There was no 

correlation found between vitamin B12, HDL and Triglyceride.Namita Mahalle et al also 

showed that serum vitamin B12 was inversely associated with VLDL and positively with 

HDL [17]. In contrast to all this studies, Gunn Helen Moen et al concluded that there was no 

evidence that serum concentrations of vitamin B12 were casually related to glycated 

hemoglobin, triglycerides, coronary artery disease, or HDL,LDL or total cholesterol [18]. 

 

CONCLUSION: 

In our study we found Vitamin B12 is negatively associated with Cholesterol and 

Triglyceride, and positively associated with HDL. Vitamin B12 deficiency may lead 

to hyperhomocysteinemia which itself is a cardiovascular risk factor. Vitamin B12 deficiency 

may lead to dyslipidemia also. Routine screening of vitamin B12 in patients with Type 2 

Diabetes Mellitus will significantly reduce the morbidity and mortality in these patients. 
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