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ABSTRACT

Background: Vitamin B12 (cobalamin) is an essential micronutrient necessary for DNA
methylation and plays role in lipid metabolic reactions. Metformin is the first therapeutic
choice for T2DM management. Prolonged use of metformin causes vitamin B12 deficiency
due to poor absorption by interfering with calcium-based vitamin B12 absorption. Vitamin
B12 deficiency leads to elevated homocysteine levels. The aim of this study was to evaluate
serum vitamin B12 and homocysteine levels in type 2 diabetic patients with and without
metformin therapy. Methods: A cross-sectional study was conducted on two hundred and
thirty diabetic patients (180 males and 50 females). Their ages ranged from (30 - 60 years)
living in Saudia Arabia at Al-Madinah Al-Monawarah. Patients were selected at outpatients
clinics of Islamic University Medical Center during follow up at internal medicine and en-
docrinology clinic. The included patients were diagnosed with type 2 diabetes mellitus ac-
cording to American Diabetes Association (ADA) Criteria. The included patients were ca-
tegorized into two groups according to treatment with metformin drug. Laboratory mea-
surements included serum level of vitamin B12, serum total homocysteine, serum fasting
glucose and serum folate. Blood EDTA samples were used to measure HbAlc and MCV.
Neurological examinations were performed to detect presence of peripheral neuropathy
using Toronto Clinical Neuropathy Score (TCSS), which is a validated and reliable scale for
the diagnosis and staging of diabetic polyneuropathy. Results: There were no statistical dif-
ferences between the two groups as regard (age, sex, smoking, weight, BMI, systolic blood
pressure, diastolic blood pressure, fasting blood glucose, Folate and MCV). There were sta-
tistical differences between the two groups as regard (duration of diabetes, duration of
metformin therapy, dose of metformin, Serum homocystein and HbA1lc). The mean of vi-
tamin B12 (pg/mL) of group 1 (312.65 = 92.28) was lower than that of group 2 (381.55 +
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88.04). In group 1 number of patients with normal vitamin B12 was 116 out of 150 (77.3%)
and number of patients with deficient vitamin B12 was 34 out of 150 (22.7%). In group 2
number of patients with normal vitamin B12 was 72 out of 80 (90%) and number of patients
with deficient vitamin B12 was 8 out of 80 (10%). Regarding neuropathy; in group 1 113 pa-
tients (75.3%) had no neuropathy, 24 patients (16%) had mild neuropathy and 13 patients
(8.7%) had moderate neuropathy. In group 2, 71 patients (88.8%) had no neuropathy, 7 pa-
tients (8.7%) had mild neuropathy and 2 patients (2.5%) had moderate neuropathy. In con-
clusion, in our study, the prevalence of vitamin B12 deficiency was higher in metformin us-
ers than in non-metformin users. There was an association between vitamin B12 deficiency
and the dose and duration of metformin use. There was also an increase in homocysteine
level due to vitamin B12 deficiency. Therefore, we recommend routine screening for serum
vitamin B12 and homocysteine in individuals with T2DM who take daily metformin doses
higher than 2000 mg, or for a duration exceeding 4 years.

1. INTRODUCTION

Vitamin B12 (cobalamin) is an essential micronutrient necessary for DNA methylation and plays role
in lipid metabolic reactions. Cobalamin deficiency has been suggested as a cause of endothelial dysfunc-
tion [1, 2].

Type 2 diabetes mellitus (T2DM) represents 90% of the world’s diabetic population and 9% of annual
global deaths with health and socioeconomic problems [3]. Peripheral neuropathy is the most common
complication of T2DM followed by cardiovascular, kidney and eye complications [4, 5]. Vitamin B12 defi-
ciency can occur in T2DM [6].

Metformin is the first therapeutic choice for T2DM management, as recommended by the American
Diabetes Association and the European Association for the Study of Diabetes. Metformin improves peri-
pheral insulin sensitivity and risk of cardiovascular mortality [7, 8]. Moreover, metformin has beneficial
effects on carbohydrate metabolism, weight loss and vascular protection [9]. Most of the side effects asso-
ciated with metformin are mild, such as abdominal distress and diarrhea [10]. However, it has been re-
ported that metformin reduces the absorption of vitamin B12 in the terminal ileum [11]. Several studies
have shown that long term use of metformin leads to malabsorption of vitamin B12, with a decrease in the
concentration of vitamin B12 in serum from 14% to 30% [12]. Prolonged use of metformin causes vitamin
B12 deficiency due to poor absorption by interfering with calcium-based vitamin B12 absorption [13, 14].
Neuropathy of vitamin B12 deficiency is preventable than the same caused by hyperglycaemia [15]. Met-
formin induced deficiency of vitamin B12 presenting as peripheral neuropathy may be mistaken for di-
abetic neuropathy [16]. Vitamin B12 deficiency leads to elevated homocysteine levels [17]. Homocysteine
(Hcy) is a risk factor strongly associated with cardiovascular complications in T2DM. Hcy can be remethy-
lated to methionine or trans-sulphurated to cystathionine. The former requires a 5-methyltetrahydrofolate as
methyl donor and vitamin B12 as a cofactor [18]. Low vitamin B12 and hyperhomocysteinaemia with
normal folate status are common among vegetarian patients [19]. Complications of T2DM are better re-
duced by controlling risk factors than the blood sugar [20]. Treatment with vitamin B12 without folic acid,
effectively reduces Hcy in the general population, but little data in diabetics [19]. Homocysteine, which is a
metabolite of vitamin B12, is used to diagnose vitamin B12 deficiency at earlier stage [21, 22].

The aim of this study was to evaluate serum vitamin B12 and homocysteine levels in type 2 diabetic
patients with and without metformin therapy.

2. SUBJECTS AND METHODS
2.1. Patients

A cross-sectional study was conducted on two hundred and thirty diabetic patients (180 males and 50
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females) on the period between December 2018 to October 2019. Their ages ranged from 30 - 60 years liv-
ing in Saudia Arabia at Al-Madinah Al-Monawarah. Patients were selected at outpatients clinics of Islamic
University Medical Center during follow up at internal medicine and endocrinology clinic. The included
patients were diagnosed with type 2 diabetes mellitus according to American Diabetes Association (ADA)
Criteria [HbA1C > 6.5%, FPG = 126 mg/dl, 2-h plasma glucose 2200 mg/dl, In a patient with classic
symptoms of hyperglycemia, a random plasma glucose 2200 mg/dl] [23].

The included patients were categorized into two groups according to treatment with metformin drug.

Group 1: Included 150 (120 males and 30 females) type 2 diabetic patients treated with metformin in
a dose of 1500 - 2250 mg/day in two divided doses.

Group 2: Included 80 (60 males and 20 females) type 2 diabetic patients treated with oral anti-diabetic
drugs other than metformin [sulphonylurea and/or dipeptide peptidase 4 inhibitors]. The two groups
matched for age and sex.

Exclusion criteria of the studied patients included the following:

1) Patients known to be vitamin B12 deficient or receiving any form of vitamin B12 supplementation
during the past 6 weeks.

2) History of gastrectomy, alcoholism, ongoing pregnancy, liver disease, renal disease, thyroid dis-
orders and history suggestive of malabsorption disorders.

3) Patients on proton pump inhibitors.

4) Vegetarians and typeldiabetes mellitus patients

5) Subjects were also excluded if they had any neurologic condition like Multiple Sclerosis and blood
transfusions during the last 3 months.

2.2. All Studied Patients Were Subjected to Physical, Anthropometric, and Laboratory
Examinations

Physical examination, anthropometric measures and neurological examinations were performed in
the clinic of internal medicine and endocrinology. Neurological examinations were performed to detect
presence of peripheral neuropathy using Toronto Clinical Neuropathy Score (TCSS), which is a validated
and reliable scale for the diagnosis and staging of diabetic polyneuropathy. TCSS was assessed by presence
or absence of general symptoms, including foot pain, numbness, tingling, weakness, ataxia, and upper
limb symptoms. Based on TCSS score, patients were graded into four classes: no neuropathy, 0 - 5; mild
neuropathy, 6 - 8; moderate neuropathy, 9 - 11; and severe neuropathy >12. In addition to the TCSS for
neuropathy, the patients underwent a sensory examination that included pinprick, temperature, light
touch, vibration and position sense [24].

2.3. Laboratory Measurements

After 8 - 10 hours overnight fast, blood samples were obtained from the ante cubital vein by the use of
serum separator and EDTA tubes and the serum was separated by centrifugation. Laboratory measure-
ments included serum level of vitamin B12, serum total homocysteine, serum fasting glucose and serum
folate. Blood EDTA samples were used to measure HbAlc and MCV. Glucose measurements were deter-
mined following routine biochemical laboratory protocols using automated Siemens Dimension (RxL
Max) clinical chemistry system. The architect B12 assay is a chemiluminescent microparticle intrinsic fac-
tor assay for the quantitative determination of vitamin B12 in human serum on the architect i system [25].
On the basis of results of vitamin B12 levels, patients were classified into normal vitamin B12 level (>220
pg/ml), possible vitamin B12 deficiency (150 - 220 pg/ml), and definite vitamin B12 deficiency (<150
pg/ml) [26]. The architect homocysteine assay is a chemiluminescent microparticle immunoassay for the
quantitative determination of total L-homocysteine in human serum on the architect i system (Normal
serum homocysteine (5.08 - 20.50 pmol/L) [27]. HbAlc was determined using Siemens DCA analyzer for
quantitative assay for HbAlc in blood. Both the concentrations of HbAlc specifically and the concentra-
tion of total hemoglobin were measured, and the ratio reported as percent HbAlc. All of the reagents for
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performing both reactions were contained in the DCA HbAlc cartridge [28]. The architect folate assay is a
chemiluminescent microparticle folate binding protein assay for the quantitative determination of folate in
human serum on the architect i system [29]. MCV was determined using cell dyne ruby hematology ana-
lyzer manufacturer Abbott.

Statistical analyses: Statistical analysis was performed using Statistical Package for Social Sciences
SPSS version 25 (SPSS Inc., Chicago, IL, USA). Descriptive characteristics for participants were expressed
as mean, standard deviation, number and percent for categorical data. Comparisons of anthropometric
and biochemical characteristics were made using Independent t test between group 1 and group 2. Pear-
son’s correlation coefficient was used to find correlation between vitamin B12 and other quantitative pa-
rameters and linear regression analyses were carried out to find the most significant factors affect serum
vitamin B12 levels.

3. RESULTS

The clinical and biochemical characteristics of the studied population categorized according to the
treatment with metformin are presented in Table 1. No statistical differences in the age between two
groups (48.22 + 6.86 vs 48.15 * 6.79 years, P = 0.94). No statistical differences in sex between the two
groups (P = 0.38). No statistical differences in smoking between the two groups (P = 0.42). No statistical
differences in the weight between the two groups (88.00 + 3.59 vs 86.64 + 1.52, P = 0.08). No statistical
differences in BMI between the two groups (31.884 * 1.53 vs 31.96 + 1.52, P = 0.37). No statistical differ-
ences in systolic blood pressure between the two groups (134.85 + 5.86 vs 135.58 £ 5.62, P = 0.37). No sta-
tistical differences in diastolic blood pressure between the two groups (89.32 + 2.76 vs 90.09 * 3.08, P =
0.06). No statistical differences in fasting blood glucose between the two groups (144.02 + 7.85 vs 146.98
5.65, P = 0.39). There are statistical differences in duration of diabetes between the two groups (8.47 + 0.87
vs 7.6 £ 1.40, P = 0.001). Duration of metformin therapy (ys) in group 1 was 8.05 £+ 1.50. Number of pa-
tients treated with metformin for less than 4 ys was 10 (6.7%) and more than 4 ys was 140 (93.3%). Dose of
metformin (mg/day) was 1703.33 + 261.3. The mean of HbAlc (g/dl) of group 1 was 8.55 + 0.64 compara-
ble with that of group 2 (8.01 + 0.67). There are statistical differences in the mean of HbAlc between the
two groups (P = 0.001). No statistical differences in the red cell MCV between the two groups (87.90 +
3.98 vs 88.23 + 4.10, P = 0.56). No statistical differences in the mean of serum folate between the two
groups (15.02 = 2.51 vs 15.10  2.23, P = 0.29). There are statistical differences in the mean of serum ho-
mocystein umol/L of group 1 (14.45 + 3.71) with that of group 2 (9.84 + 3.42, P < 0.001) (Table 1 and
Figure 1). The mean of Vitamin B12 (pg/mL) of group 1 was 312.65 + 92.28 lower than that of group 2
(381.55 + 88.04). There are highly significant differences between the two groups (P < 0.001). In group 1
number of patients with normal vitamin B12 was 116 out of 150 (77.3%) and number of patients with de-
ficient vitamin B12 was 34 out of 150 (22.7%) (Table 1 and Figure 2). In group 2 number of patients with
normal vitamin B12 was 72 out of 80 (90%) and number of patients with deficient vitamin B12 was 8 out
of 80 (10%) (Table 1 and Figure 2). Regarding neuropathy; in group 1 113 patients (75.3%) had no neu-
ropathy, 24 patients (16%) had mild neuropathy and 13 patients (8.7%) had moderate neuropathy (Table
1 and Figure 3). In group 2, 71 patients (88.8%) had no neuropathy, 7 patients (8.7%) had mild neuropa-
thy and 2 patients (2.5%) had moderate neuropathy (Table 1 and Figure 3). There is statistical differences
between the two groups in neuropathy (P = 0.04).

4. DISCUSSION

The incidence of type 2 diabetes is increasing all over the world, more so in the Saudi Arabia. One
standard first line treatment for diabetes is metformin. There is a relationship between metformin therapy
and reduction of vitamin B12 status [30].

Various hypotheses have been proposed which include an alteration in bowel motility, bacterial over-
growth and a possible direct inhibitory effect on vitamin B12 absorption [31].
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Table 1. Clinical and biochemical parameters data of patients with type 2 diabetes mellitus in both
groups.

Group I Group II
Diabetes with Diabetes
Variable metformin with OAD other than P
(n =150) metformin (n = 80)

Mean (SD) orn (%) Mean (SD) or n (%)

Age (years)

Sex:
Male
Female

Smoking
Weight (kg)
BMI (kg/m?)

Systolic Blood Pressure (mmHg)
Diastolic Blood Pressure (mmHg)
Fasting Blood Glucose (mg/dl)
Duration of diabetes (ys)
Duration of metformin therapy (ys)
<4
>4
Dose of metformin mg/day
HbA1lc (%)

Red cell MCV (76 - 95) fL
Serum Folate (3.1 - 20.5) ng/ml
Homocystein (5.08 - 15.39) umol/L
Toronto clinical scoring system
Neuropathy:

No Neuropathy

Mild Neuropathy
Moderate Neuropathy

Vitamin B12 (pg/Ml)
Normal vitamin B12
Deficient vitamin B12

48.22 + 6.86

120 (80%)
30 (20%)
12 (8%)
88.00 + 3.59
31.884 + 1.53
134.853 + 5.86
89.32 + 2.76
144.02 + 7.85
8.47 + 0.87
8.05 + 1.50

10 (6.7%)
140 (93.3 %)
1703.33 + 261.30
8.55 + 0.64
87.90 + 3.98
15.02 + 2.51
14.45 + 3.71
3.55 + 2.56

113 (75.3%)
24 (16%)
13 (8.7%)

312.65 + 92.28

116 (77.3%)
34 (22.7%)

48.15+6.79

60 (75%)
20 (25%)

9 (11.25%)
86.64 + 3.89
31.96 = 1.52
135.58 + 5.62
90.09 + 3.08
145.00 = 5.99

7.60 = 1.40

8.01 £ 0.67
88.23 £ 4.10
15.10 + 2.23
9.84 + 3.42
2.73 £2.01

71 (88.8%)
7 (8.7%)
2 (2.5%)

381.55 + 88.04

72 (90%)
8 (10%)

0.94 N§'

0.38 N§*

0.42 NS*
0.08 N§'
0.37 N§'
0.37 N§'
0.06 NS'
0.39 N¢'
<0.001**!

<0.001**!
0.56 N§S'
0.29 N§'
<0.001**
0.01%**

0.04**

<0.001**!

0.02**

Sd: Standard deviation; 'Independent t test; *"Mann Whitney test; “Chi square test. NS: Non significant (P >
0.05); *Significant (P < 0.05), **Highly significant (P < 0.01).
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Figure 1. Diagram show mean of Vit. B12 and homocysteine in the
two groups.
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Figure 2. Diagram show normal and deficient vitamin B12 in the two
groups.

Furthermore it has been suggested that metformin may affect the calcium-dependent uptake of vita-
min B12-intrinsic factor complex by ileocytes; a hypothesis supported by the discovery that calcium sup-
plements reverse the decline in vitamin B12 concentrations in these patients [32] [33].

In our study, 22.7% of T2DM patients on metformin therapy were found to have vitamin B12 defi-
ciency and 10% of T2DM without metformin had vitamin B12 deficiency. The deficiency is more on group
of patients taking metformin; there are significantly differences (P < 0.001). Low levels of serum vitamin
B12 occurred when metformin was taken at a dose greater than 2000 mg/day and for a period exceeding 4
years. There was negative correlation between vitamin B12 and duration and dose of metformin use (r =
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Figure 3. Prevalence of neuropathy in the two groups, based on the
Toronto clinical scoring system.

-0.290, P = 0.032; r = —0.380, P = 0.012) respectively (Table 2). Our observation of a correlation of vita-
min B12 deficiency with metformin use is consistent with the results of several studies such as Obeid, et
al., [34] who stated that metformin treatment was associated with low serum vitamin B12 and Reinstatler,
et al, [35] who said that metformin therapy is associated with a higher prevalence of biochemical vitamin
B12 deficiency.

Other study by PFlipsen et al. [36] concluded that twenty-two percent of diabetic patients had meta-
bolically confirmed vitamin B12 deficiency. Patients taking metformin use had lower serum vitamin B12
levels and were at increased risk for vitamin B12 deficiency. The prevalence of vitamin B12 deficiency was
in the range of 15% - 30%.

Also, Chapman, in a systematic review, noted that the findings of 17 cross-sectional studies showed
that there was a relationship between lower levels of vitamin B12 and metformin use [37]. Another study
concluded that use of metformin in T2DM is associated with vitamin B12 deficiency and worsening clini-
cal neuropathy, which is a dose-dependent effect. Thus, they suggested screening of vitamin B12 levels in
long term metformin users and treating them if they are deficient [38]. Although most studies link vitamin
B12 deficiency to prolonged use of metformin, a randomized study involving 400 patients with T2DM
showed that in just 16 weeks of metformin use, serum folate and vitamin B12 levels were reduced in 7%
and 14%, respectively, and a 4% increase in average homocysteine levels in the blood [39].

However, other studies provided incompatible results; these studies have shown that metformin may
improve the metabolism of vitamin B12 and reduce only the inactive form of vitamin B12 (holohaptocor-
rin) rather than the active form of vitamin B12 (holotranscobalamin) [40] [41]. In another study, serum
vitamin B12 levels were not associated with metformin dose, but were associated with duration of treat-
ment [42]. In a case-control study of 155 diabetic patients with vitamin B12 deficiency, both appeared as
independent risk factors for vitamin B12 deficiency. This difference can be explained at least in part by the
self-determination method used in this study to determine the dose and duration of metformin use. Met-
formin has adverse effects such as diarrhea, nausea and altered taste, which may lead to irregular use being
reported [43].

In our study, the effect of vitamin B12 deficiency on hematological parameters such as MCV was stu-
died. We did not find any increase or decrease in MCV in patients with vitamin B12 deficiency (P = 0.56).
Serum folate is normal in both groups (15.02 £ 2.51 vs 15.10 + 2.23, P = 0.29) and this may be the reason
for the lack of anemia associated with vitamin B12 deficiency in the studied patients.
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Table 2. Correlation of Vit. B12 and someclinical and biochemical parameters.

Vitamin B12
r 0.088
Age
P 0.181 NS
. r -0.001
Weight
P 0.994 NS
r 0.092
BMI
P 0.165 NS
r 0.006
SBP
P 0.931 NS
r 0.07
DBP
P 0.920 NS
r -0.36
FBG
P 0.03*
. r -0.41
Duration of DM
P 0.007**
. . r -0.37
Duration of mit
P 0.02*
. r -0.39
Dose of Mit
P 0.01*
r -0.32
HbAlc
P 0.04*
r -0.010
Red MCV
P 0.877 NS
r 0.003
Folate
P 0.963 NS
. i r —0.612
m in
OOy P <0.001**

r: Correlation coefficient; NS: Non significant (P > 0.05); *Significant (P < 0.05); **Highly significant (P
<0.01).

Nishant Raizada ef al [44], In examining the effect of vitamin B12 deficiency on hematological para-
meters such as MCV and hemoglobin did not find any increase in MCV or decrease in hemoglobin in vi-
tamin B12 deficient patients. In their study, the metformin use was associated with significantly lower se-
rum vitamin B12 levels when adjusted for duration of diabetes. Patients with vitamin B12 deficiency did
not have a high incidence of anemia. Another study, reported anemia in 23.3% of patients using metfor-
min compared with 22.3% in patients not using metformin [45].

In our study, there was negative correlation between HbAlc and vitamin B12 deficiency (r: —0.34, P:
0.043), but in multivariate Analysis no significant correlation between Vitamin B12 and HbAlc (Table 3).
In another study the relationship between fasting blood glucose and HbA1lc was analyzed with the markers
of vitamin B12 and no relationship existed between them [46]. Another study by Anand et al, reported
that although, many patients had good control of HbAlc, but the HbAlc was slightly higher in the defi-
ciency group when compared to the normal group [47].

Our study demonstrated that individuals with vitamin B12 deficiency had a significantly higher level
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Table 3. Multivariate analysis of significant correlated variables with vitamin B12 in the studied

groups.
Variables Regression Coefficient SE P
FBS (mg/dl) 0.003 0.001 0.98 NS
Duration of DM (years) 0.520 1.85 0.02*
Duration of metformin (years) 0.49 1.71 0.03*
Dose of mitformin 0.550 1.98 0.01*
HbAlc % 0.245 0.073 0.13 NS
Homocystein 0.71 2.05 <0.001**

r=0.81, r* = 0.65, ANOVA P < 0.001**; Durbin-Watson ratio = 2.07; Predicted value = 312.

of serum homocysteine than individuals with normal serum vitamin B12. There was negative correlation
between vitamin B12 and homocysteine (r = —0.612, P < 0.001) (Table 2). A similar finding has been re-
ported by Wulffelé et al, [39] who stated that treatment of type 2 diabetic patients with metformin reduces
levels of folate and vitamin B12, leading to a modest increase in homocysteine. Asimilar finding was also
reported by Ananda, et al, which stated that the total homocysteine concentration in serum and plasma is
elevated in both folate and cobalamin deficiencies, and hyperhomocysteinemia is associated with an in-
creased risk of cardiovascular disease, cognitive dysfunction, and adverse pregnancy outcomes [48].
Twinkal et al, concluded that strong inverse association between serum vitamin B12 and serum Hcy was
found in all the studied Patients on metformin [49].

Another study was performed by the Yuka Sato et al, [50] who found that serum vitamin B12 de-
creased in patients with diabetes, even in the absence of metformin use, and further decreased by metfor-
min in a dose-dependent manner. This is a direct effect of the drug. Hcy is increased in relation to the re-
duction of vitamin B12 caused by metformin. Thus, metformin directly lowers serum vitamin B12 while
the drug is indirectly raising plasma Hcy via the lowering of vitamin B12. However, some studies have re-
ported that metformin therapy has no effect, or only a small effect, on homocysteine concentration [51].
Another study indicated that the administration of metformin could induce vitamin B12 deficiency in pa-
tients with type 2 diabetes but plasma Hcy levels did not show a significant difference between those in the
metformin and the non-metformin groups [52] [53].

The neurologic manifestations begin pathologically with demyelination, followed by axonal degene-
ration and axonal death that can cause eventual irreversible damage. The spinal cord, brain, optic nerves,
and peripheral nerves may all be affected by cobalamin deficiency [54]. Wile and Toth [55] found that be-
side low cobalamin level, metformin treated patients also had an elevated level of homocysteine and me-
thylmalonic acid. They also identified the deterioration of peripheral neuropathy in those patients. Neu-
rological findings of cobalamin deficiency are often misdiagnosed with diabetic peripheral neuropathy, but
at some point they can be determined, for example by assessing the presence of reflexes. Reflexes are
usually preserved in the case of cobalamin deficiency, but are almost lost in the case of diabetic neuropathy
[56].

Our results found that a higher incidence of peripheral neuropathy in metformin users than non
metformin users, mild (16% vs 8.7%) respectively and moderate (8.7% vs 2.5%) respectively, these results
similar to a result reported by Kamphuis et al [57], and Hendrawati ef al [58] and Alpesh Chauhan ef al
[59].

However, it was not in harmony with other studies done by Tarik Elhadd et a/, that show no differ-
ence in vitamin B12 levels between metformin and non-metformin users and no difference in the preva-
lence of diabetic neuropathy in T2DM patients with and without vitamin B12 deficiency [60].

In conclusion, in our study, the prevalence of vitamin B12 deficiency was higher in metformin users
than in nonmetformin users. There was also an association between vitamin B12 deficiency and the dose
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and duration of metformin use. There was also an increase in homocysteine level due to vitamin B12 defi-
ciency. Therefore, we recommend routine screening for serum vitamin B12 and homocysteine in individ-
uals with T2DM who take daily metformin doses higher than 2000 mg, or for a duration exceeding 4 years.
Early discovery of cobalamin deficiency and hyperhomocysteinemia permits physicians to employ many
approaches in order to prevent deterioration of clinical manifestations and improve patients’ health for
good life.
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