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Abstract

Background: Diabetes is fast gaining the status of a potential epidemic in India, with more than 62 million diabetic individuals currently
diagnosed with the disease. Subjects and Methods: 50, Type-2 diabetic patients on metformin therapy, with age ranging from 30 to 65 years
and 50 healthy controls, were recruited from the General Medicine Department of Nimra Institute of Medical Sciences, according to inclusion
and exclusion criteria. Results: In this study, the level of FBS, HbAlc, Fasting insulin, Homocysteine, C peptide, and Methyl Malonic acid
were significantly increased (p <0.01), while Vitamin B12 levels were significantly decreased (p<0.01) in the study group, as compared to
controls. It was observed that the mean level of vitamin B12 markers, homocysteine and methylmalonic acid were significantly higher and
low level of vitamin B12 was found in patients who were on metformin therapy. Reports have shown that metformin use has a significant
impact on the concentration of vitamin B12 in patients with T2DM.Conclusion: Metformin, which is the first line oral hypoglycemic agent
as recommended by ADA, is significantly associated with decrease in vitamin B12 levels. There is moderate correlation between the markers
of B12 status and levels of fasting blood sugar as well as HbALC. There is a significant correlation between insulin and C-peptide with the

markers of vitamin B12 status.
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Introduction

Type 2 Diabetes mellitus is a heterogeneous group of
disorders, characterized by variable degree of insulin
resistance, impaired insulin secretion and increased glucose
production. Diabetes is fast, gaining the status of a potential
epidemic in India, with more than 62 million diabetic
individuals currently diagnosed with the disease.*? With an
ever-increasing incidence of type 2 diabetes in the Indian
population, continual assessment must be made to ensure
the ongoing evaluation of treatment options and to ensure
that patient care is not compromised. Metformin is
considered a cornerstone in the treatment of diabetes and is
the most frequently prescribed first line therapy for
individuals with type 2 diabetes. Every year Metformin
caters to the need of more than 150 million people, the
reason being its therapeutic efficacy and affordable price.
The mechanism of action of Metformin in improving
hyperglycemia involves improving the signaling of insulin,
together with suppressing hepatic gluconeogenesis. In
addition, it is one of a few anti-hyperglycaemic agents
associated with improvements in cardiovascular morbidity
and mortality, which is a major cause of death in patients

with type 2 diabetes. Metformin does, however, induce
vitamin B-12 malabsorption, which may increase the risk of
developing vitamin B-12 deficiency-a clinically important
and treatable condition. In addition, metformin treatment
has been reported to be associated with decreased folate
concentration, although the mechanism of this effect has not
been elucidated. Finally, decrease in both folate and vitamin
B-12 concentrations might, in turn, result in an increase in
homocysteine concentration, an independent risk factor for
cardiovascular disease, especially among individuals with
type 2 diabetes.”¥! Vitamin B12, also called cobalamin, is a
water-soluble vitamin involved in the optimal functioning
of the hemopoetic, neuro-cognitive and vascular systems. It
is involved in DNA synthesis, fatty acid metabolism and
energy production.l®! Vitamin B12 plays a vital role in DNA
and cellular metabolism by serving as an essential co-factor
in methylation process. Hence a deficiency leads to DNA
disruption and derangement of cellular metabolism. This
might lead to serious clinical consequences. Vitamin B12 is
intracellularly converted to two active co-enzymes,
adenosylcobalamin in mitochondria and methylcobalamin
in the cytoplasm. They are necessary for the homeostasis of
Methyl malonic acid (MMA) and Homocysteine (HC).
Methylmalonic acid is converted into succinyl-CoA, of
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which, vitamin B12 is a cofactor for the reaction.
Homocysteine is biosynthesized from methionine then
resynthesized into methionine or converted into amino acid
cysteine.[®! Markers which are increased early in vitamin
B12 deficiency include serum Methyl malonic acid and
Homocysteine. Measurement of serum Methyl malonic acid
and Homocysteine levels are more sensitive methods of
screening for vitamin B12 deficiency.l High levels of
Methyl malonic acid and HC have been identified as better
indicators of B-12 deficiency than the actual serum B-12
level itself. A deficiency of vitamin B-12 at the tissue level
elevates the levels of both Methyl malonic acid and
Homocysteine, even when serum vitamin B-12
concentrations are within the reference values. This study
was therefore, carried out to evaluate the serum levels of
Vitamin B12 Status in Type 2 Diabetes Mellitus Patients on
Metformin therapy.

Subjects and Methods

This study was conducted in the Department of Medicine,
Nimra Institute of Medical Sciences in collaboration with
the Department of Biochemistry, during the period of
sixteen months i.e., from September 2016 to December
2017. Randomly selected 70 subjects, according to
exclusion & inclusion criteria, with age in between 30-65
years, were categorized in two groups:

Group: A - 50 patients with type 2 diabetic patients on
metformin therapy.

Group: B- 50 non- diabetic subjects as healthy controls

Biochemical investigation:

After the overnight fast of about 10-12 hours, 5 ml of
venous blood was collected from each participant. The
samples were allowed to retract and then spun at 3000 rpm
for 12 minutes to obtain serum samples which were kept at -
20% until analysed for vitamin B12 level. Fasting blood
glucose was estimated by GOD POD and HbA1C was
estimated by cation exchange resin methods. Samples were
analyzed for the following study variables - vitamin B12,
homocysteine, methyl malonic acid, plasma insulin and C-
Peptide using Fully automated Cobas e 411.

Statistical analysis:

All values were expressed as Mean+SD. We used student t-
test and pearson’s correlation coefficient to find the
statistical significance. A p-value <0.05 was to be
considered statistically significant.

Results&Discussion

This study was conducted in the Department of Medicine,
Nimra Institute of Medical Sciences in collaboration with
the Department of Biochemistry. [Table-1] shows the
demographic characteristics of the study and control group.
A total of 50 Type 2 Diabetic patients as cases and 50
Healthy subjects as controls were included in this study.

The mean age (MeanxSD) of cases and controls were 47.59
+ 7.42 and 43.62 + 5.42 years respectively. Similarly, the
mean BMI, Systolic BP and Diastolic BP of both the cases
and controls were (27.24 + 4.38 & 24.14 + 3.42); (126.86
16.15 & 108.02+2.60) and (75.23 + 9.68 & 74.21+3.72)
respectively.

Table 1: Demographic profile of cases and controls

Variables Study Group Control Group
(MeanSD) (MeanzSD)
Age in years 4759 £7.42 43.62 + 5.42*
Gender Male 23 (46%) 21 (42%)
Female 27 (54%) 29 (58%)
Height (m) 1.64 £0.09 1.61 £0.07*
Body weight (kg) 72.2+11.56 68.34 + 9.71*
BMI (kg/m2) 27.24+4.38 24.14 + 3.42*
Systolic BP ( mmHg) 126.86 + 16.15 108.02+2.60
Diastolic BP (mmHg) 75.23 £ 9.68 74.2143.72

(Statistically Significant at p value <0.05) *NS: Statistically not Significant

Table 2: Comparison of glycemic and vitamin b12 status of
cases and controls

Biochemical Study Group Control Group
markers (Mean+SD) (Mean+SD)
Fasting glucose 154.21+60.56 76.3+15.05
HbAlc % 8.12+3.14 4.31+1.02
Fasting insulin 8.36+2.6 6.01+2.04
Homocysteine 14.2+4.18 7.56+2.56
C-peptide 4.25+1.04 2.620.62

Methyl Malonic acid 155.41+78.16 122+84.23
Vitamin B12 218.45+85.34 370.04+91.56

(Statistically Significant at p value <0.05) *NS: Statistically not Significant

[Table 2] shows the mean levels of Fasting glucose,
GlycatedHaemoglobin, Fasting insulin, Homocysteine,

C peptide, Methyl Malonic acid and Vitamin B12 levels in
both the study and control groups. The meantsd values in
the study group are as follows; 154.21+60.56, 8.12+3.14,
8.36+2.6, 14.2+4.18, 4.25+1.04, 155.41+78.16 &
218.45+85.34. Similarly, the meanzsd values in the control
group are as follows; 76.3£15.05, 4.31+1.02, 6.01+ 2.04,
7.56+2.56, 2.6+0.62, 122+84.23 & 370.04+91.56. In this
study, the level of FBS, HbAlc, Fasting insulin,
Homocysteine, C peptide, and Methyl Malonic acid were
significantly increased (p <0.01) while Vitamin B12 level
was significantly decreased (p <0.01) as compared to
controls. It was observed that the mean levels of vitamin
B12 markers,homocysteine and methylmalonicacid were
significantly higher and low level of vitamin B12 was found
in patients who were on metformin therapy. Reports have
shown that metformin use has a significant impact on the
concentration of vitamin B12 in patients with T2DM.[-10]

It was observed the prevalence of decreased serum vitamin
B12 status in metformin treated patients in the present study
was lower than those in the Green et al study.' This
comparison must be interpreted with caution as there are
other factors that may affect the serum Vitamin B12 of
these patients which were not addressed in this study (diet,
drug interactions etc.). Furthermore as the patients recruited
into the Green et al study were non-institutionalized there
may have been a level of malnutrition in regards to
nutritional intake as has been observed in such populations
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(McElnay et al).[*¥ The mechanism of metformin inhibition
of absorption is not fully understood. The current theory of
inhibition is based on interference with intrinsic factor
binding in the gut. It would be assumed that an increase in
concentration of the inhibiting substance (metformin) would
result in an increase in inhibition of said absorption. As
metformin is excreted unchanged in urine with an
elimination half-life of approximately 5 hours (Graham et
al) it would be logical for the relationship between
metformin and vitamin B12 malabsorption to be somewhat
linear.[*3]

Table 3: Correlation of glycemic status with vitamin
B12deficiency markers

Parameters Homocysteine p- Methylmalonic p-
n value Acid (r) value
FBS +0.42 0.002 +0.33 0.01
HbAlc +0.35 0.01 +0.34 0.01
Insulin +0.40 0.004 +0.42 0.002
C-peptide +0.43 0.001 +0.47 0.000

(Statistically Significant at p value <0.05)

We have correlated the markers of glycemic status with the
markers of Vitamin B12 deficiency,Homocysteine and
Methylmalonic acid. Table 3 showed the positive
correlation between these two markers. Total serum vitamin
B12 is a relatively insensitive and unspecific biomarker of
deficiency that does not reflect recent variations in
cobalamin status. Holotranscobalamin, the metabolically
active portion of vitamin B12, is the earliest laboratory
parameter that becomes decreased in case of a vitamin B12
negative balance.

Concentration of methylmalonic acid is a functional vitamin
B12 marker that will increase when the vitamin B12 stores
are depleted. Isolated lowering of holotranscobalamin
shows vitamin B12 depletion (negative balance), while
lowered holotranscobalamin plus elevated methylmalonic
acid (and homocysteine) indicates a metabolically
manifested vitamin B12 deficiency, although there still may
be no clinical symptoms.[*¥ The concentration of total
homocysteine in serum and plasma is elevated in both folate
and cobalamin deficiencies, whereas methylmalonic acid in
serum, plasma, or urine is a specific marker of cobalamin
function. The combined measurement of both metabolites is
useful for the diagnosis and follow-up of these deficiency
states. In addition, total homocysteine is elevated under
various pathologic states (eg: renal failure), and
hyperhomocysteinemia is associated with an increased risk
of cardiovascular disease, cognitive dysfunction, and
adverse pregnancy outcomes.[®1 The relationship between
insulin and homocysteine is controversial. However,
handful of studies have found strong associations between
insulin and homocysteine. One study in humans found that
B-12 and Folate therapy resulted in a number of improved
parameters among patients with metabolic syndrome.[6]
Glycated hemoglobin(HbALc) is an independent risk factor
for type 2 diabetes. Subjects with high-normal levels of
HbAlc deserve particular attention because they have a
strong risk of developing diabetes.'”l In this study the

correlation between fasting blood glucose and HbAlc was
analyzed with the markers of vitamin B12 and no
correlation existed between them. In the transition from
normal glucose tolerance to type 2 diabetes mellitus, the
role of B-cell dysfunction and peripheral insulin resistance
is well established. In this study there is a significant
correlation between insulin and C-peptide with the markers
of vitamin B12 status.

Conclusion

In conclusion, there is moderate correlation between the
markers of B12 status and levels of fasting blood sugar as
well as HbA1C. There is a significant correlation between
insulin and C-peptide with the markers of vitamin B12
status. This present study concludes that metformin, which
is the first line oral hypoglycemic agent as recommended by
ADA, is significantly associated with decrease in vitamin
B12. So we recommend that vitamin B12 should be
measured prior to initiation of metformin therapy and later,
annually, in patients of type 2 diabetes mellitus who are on
metformin therapy. Also this study revealed that the
majority of the patients are being investigated for Vitamin
B12 deficiency, which is a very positive sign for the health
care system. So we recommend routine screening for basal
vitamin B12 level for all patients with T2DM at the
initiation of metformin therapy with subsequent annual
follow up of the level.
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