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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Study Objective: The study aimed to assess the prevalence 

of vitamin B12 deficiency in patients with type 2 diabetes 
mellitus treated with metformin, determine the relationship 
between serum vitamin B12 and homocysteine concentrations, 
and evaluate the diagnostic value of vitamin B12 for identifying 
elevated homocysteine levels.

Material and Methods: The study included 126 patients 
with type 2 diabetes mellitus, whose age ranged from 31 
to 71 years (mean age 55.57±7.14 years). All patients were 
treated with metformin. Serum vitamin B12 and homocysteine 
concentrations were determined by direct chemiluminescent 
enzyme immunoassay (CLEIA) using a MAGLUMI X3 
analyzer. HbA1c and other clinical parameters were also 
assessed. Correlation and linear regression analyses were used 
to assess the relationship between metformin dose, vitamin B12, 
and homocysteine levels. ROC analysis was used to determine 
the diagnostic efficiency, based on which optimal cutoff values, 
sensitivity, specificity, and area under the curve (AUC) were 
determined. Statistical analysis was performed using SPSS 23 
software, and values of p<0.05 were considered statistically 
significant.

Results: Vitamin B12 deficiency or insufficient levels 
were detected in 50.79% of patients. A weak, but statistically 
significant positive correlation was found between the daily 
dose of metformin and homocysteine concentration. At the same 
time, a strong and statistically significant negative correlation 
was observed between vitamin B12 and homocysteine 
concentrations (β = −0.760, p<0.001). ROC analysis showed 
that vitamin B12 concentration has a high diagnostic ability for 
detecting elevated homocysteine levels (AUC = 0.904; 95% 
CI: 0.845–0.964). It was determined that a vitamin B12 value 
of <443.8 pg/mL represents the optimal cutoff for identifying 
elevated homocysteine levels, with a sensitivity of 84.97% and 
a specificity of 85.0%.

Conclusion: Vitamin B12 deficiency is widespread in patients 
with type 2 diabetes mellitus treated with metformin, and it is 
closely associated with increased homocysteine levels. The 
results indicate that reduced vitamin B12 concentrations play 
an important role in the increase in homocysteine. Assessment 
of vitamin B12 levels can be used for the early detection of 
metabolic disorders associated with increased homocysteine. 
Therefore, joint monitoring of vitamin B12 and homocysteine 
in patients treated with metformin will contribute to a more 
effective assessment of metabolic and cardiovascular risks.

Key words. Type 2 diabetes, metformin, vitamin B12 
deficiency, homocysteine, ROC analysis.

Introduction.
Type 2 diabetes mellitus is one of the most important 

global problems of modern medicine, characterized by 
chronic hyperglycemia, insulin resistance, and multiorgan 
complications. Long-term pharmacotherapy plays a central role 
in the management of the disease, with metformin remaining 
the first-line drug due to its high efficacy, metabolic safety, 
and cardioprotective potential [1,2]. However, in recent years, 
increasing scientific evidence indicates that long-term use of 
metformin is associated with a decrease in serum vitamin B12 
levels, which may progress to subclinical or clinically manifest 
cobalamin deficiency [3,4].

Vitamin B12 is a key cofactor in one-carbon metabolism and 
is involved in the remethylation of homocysteine to methionine. 
Cobalamin deficiency leads to the accumulation of homocysteine 
in plasma, which is associated with endothelial dysfunction, 
neurodegenerative processes and increased cardiovascular risk 
[5,6]. Hyperhomocysteinemia is considered an independent risk 
factor for the development of atherosclerosis, microvascular 
damage and neuropathy, which is of particular importance in 
patients with type 2 diabetes, who are already at increased risk 
of vascular complications [7].

Vitamin B12 deficiency during metformin therapy may not 
be readily recognized clinically, as its symptoms often overlap 
with those of diabetic neuropathy. In this setting, elevated 
homocysteine levels may serve as an early biochemical marker 
of one-carbon cycle dysfunction and potential metabolic 
imbalance [5,8]. Therefore, it is of particular interest to assess 
the correlation between homocysteine and vitamin B12 in 
patients receiving metformin for long-term treatment.

Although individual studies confirm the effect of metformin on 
cobalamin levels and also indicate an increase in homocysteine, 
the question of assessing their interrelationships in depth in the 
context of type 2 diabetes still requires systematic analysis [9-
11]. Of particular importance is the determination of the dose-
dependent effect, the duration of therapy, and the relationship 
to complications.
Research objective.

The aim of the study is to determine the relationship between 
homocysteine and vitamin B12 levels in patients treated with 
metformin.
Materials and Methods.

We studied 126 patients with type 2 diabetes aged 31-71 
(55.57+7.14) years, including 67(61%) women, 59 men (49%).

All patients were treated with metformin, we studied: 
values of vitamin B12, homocysteine, HbA1c% and patient 
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characteristics on the background of treatment with metformin 
and other antiglycemic drugs.

Serum vitamin B12 and homocysteine levels were measured 
by direct chemiluminescent enzyme immunoassays (CLEIAs) 
using a Snibe diagnostic maglum X3 analyzer (reagents - 
MAGLUMI Vitamin B12 (CLIA) - cyanocobalamin and 
MAGLUMI Homocysteine (HCY) assay, respectively).

For the interpretation of biochemical parameters, standard 
clinical laboratory reference ranges were applied. Serum vitamin 
B12 status was categorized according to widely accepted 
clinical thresholds. Vitamin B12 deficiency was defined as 
serum vitamin B12 concentration <200 pg/mL, while vitamin 
B12 insufficiency was defined as concentrations between 200–
300 pg/mL. Values >300 pg/mL were considered within the 
normal physiological range.

Hyperhomocysteinemia was defined as a plasma homocysteine 
concentration ≥15 μmol/L, which corresponds to the commonly 
accepted clinical threshold used in metabolic and cardiovascular 
risk assessment. For the purposes of ROC analysis, elevated 
homocysteine levels were used as the outcome variable, 
and serum vitamin B12 concentration was evaluated as the 
diagnostic test variable.

These thresholds were applied to classify the study population 
and to evaluate the diagnostic performance of vitamin B12 in 
identifying patients with elevated homocysteine concentrations.

We determined the relationship between homocysteine and 
B12 concentrations

For quantitative indicators, we determined the mean and 
standard deviation, for qualitative indicators, we determined 
the frequency and % value, the difference between groups for 
quantitative indicators was determined by the Student's t-test, 
the equality of variances was assessed by Levene's Test, for 
qualitative indicators, the difference was determined by Fisher's 
exact test (F); Correlation analysis was performed using 
Pearson's correlation for quantitative indicators and Spearman's 
rank correlation for qualitative indicators. In all cases, the 
results were considered reliable when p<0.05. Sensitivity and 
specificity were determined by Rhoak analysis, and disease risk 
was assessed by regression analysis. Statistical analysis was 
performed using the SPSS 23 software package.
Results.

Patient characteristics are given in Table 1.
Insulin-dependent diabetes without complications was present 

in 84 (66.67%) patients, while unspecified metabolic disorders 
were observed in 32 (33.33%). The average duration of the 
disease was 66.22+25.61 months, the duration of metformin 
intake was 19.32+9.10 months - 850-3000 mg per day. The 
average values of homocysteine and B12 were 12.89+4.74 and 
370.24+211.16, respectively.

Correlations between patient characteristics are presented in 
Table 2.

A significant negative correlation with patient age was found 
for: B12 - r=-0.228*, p=0.010; BMI - r=.204*, p=0.022; systolic 
blood pressure - r=-0.212*p=0.017; HR - r=0.221*, p=0.013.

A significant positive correlation with homocysteine 
concentration was found for metformin dose - r=0.182*, 
p=0.0142, and a negative correlation was found for B12 

concentration - r=-0.760**, p<0.001.
However, the correlation between metformin dose and 

homocysteine concentration was weak, and there was a non-
significant negative correlation between metformin dose and 
B12 concentration.

The relationship between homocysteine and metformin dose is 
presented in Table 3 and figure 1.

The regression equation is represented in the following form:
Y = 10.840 + 0.001X,
Where X is the daily dose of metformin, and Y is the 

homocysteine concentration.
These data show that the higher the daily dose of metformin, 

the higher the homocysteine concentration.
In our study population, 64 patients (50.79%) had B12 

deficiency.
In the next stage of the study, we divided the patients according 

to B12 deficiency, with the first group including patients without 
B12 deficiency, and the second group including patients with 
B12 deficiency (Table 4).

In B deficiency, the average value of homocysteine is 
significantly higher.

In turn, there is a significant negative correlation between 
homocysteine and B12 concentrations. The results of linear 
regression analysis are presented in Table 5 and Figure 2, which 
also confirm that homocysteine concentration is negatively 
correlated with B12 concentration in the presence of metformin

The relationship between homocysteine and vitamin B12 
concentration is given by regression analysis.

Linear regression analysis demonstrated a strong and 
statistically significant negative association between vitamin 
B12 and homocysteine concentrations in patients with type 2 
diabetes treated with metformin. Vitamin B12 was identified 
as an independent predictor of homocysteine levels (B = 
−0.017, β = −0.760, p < 0.001). The 95% confidence interval 
for the regression coefficient ranged from −0.019 to −0.014, 
confirming the stability and statistical significance of the 
observed association. These findings indicate that decreasing 
vitamin B12 concentrations are significantly associated with 
increased homocysteine levels.

Metformin-induced reduction in B12 levels in diabetes is 
associated with increased homocysteine (Figure 2).

The regression equation has the following form:
Y = 19.204 − 0.017X,
Where: 
Y - homocysteine concentration, 
X - vitamin B12 concentration.
To determine the diagnostic value of B12 for elevated 

homocysteine, we determined the sensitivity and specificity 
of vitamin B12 values for elevated homocysteine using ROC 
analysis (Figure 3, Table 6).

ROC analysis was performed to evaluate the diagnostic 
performance of serum vitamin B12 levels in identifying elevated 
homocysteine concentrations in patients with type 2 diabetes 
treated with metformin. In this analysis, vitamin B12 served as 
the test variable, whereas increased homocysteine concentration 
represented the outcome of interest.

As presented in Figure 3 and Table 6, the area under the ROC 
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Table 1. Baseline Characteristics of the Study Population.
Variable Mean ± SD or n (%) Min Max
Male 59 (49%) – –
Female 67 (61%) – –
Age (years) 55.57 ± 7.14 31.00 71.00
Type 2 diabetes without complications, n (%) 84 (66.67%) – –
Unspecified metabolic disorders, n (%) 32 (33.33%) – –
Duration of diabetes (months) 66.22 ± 25.61 25.20 118.80
HbA1c (%) 11.43 ± 2.47 7.20 15.80
Homocysteine (µmol/L) 12.89 ± 4.74 2.50 23.00
Vitamin B12 (pg/mL) 370.24 ± 211.16 53.50 895.00
Metformin dose (mg/day) 1729.37 ± 726.40 850.00 3000.00
Duration of metformin therapy (months) 19.32 ± 9.10 5.00 36.00
BMI (kg/m²) 32.66 ± 6.33 19.50 45.00
Systolic blood pressure (mmHg) 150.98 ± 16.99 118.00 200.00
Diastolic blood pressure (mmHg) 89.20 ± 14.85 68.00 92.00
Heart rate (beats/min) 83.39 ± 12.05 56.00 115.00
Vitamin B12 insufficiency and deficiency, n (%) 64 (50.79%) – –
Vitamin B12 deficiency, n (%) 36 (28.57%) – –

Table 2. Correlations Between Clinical and Biochemical Parameters.

Variable Age Duration of disease 
(months) HbA1c (%) Homocysteine Vitamin B12

Duration of disease (months) r = -0.109 –
p = 0.243

HbA1c (%) r = -0.077 r = -0.161 –
p = 0.394 p = 0.082

Homocysteine r = 0.130 r = 0.059 r = -0.075 –
p = 0.148 p = 0.527 p = 0.404

Vitamin B12 r = -0.228* r = 0.010 r = 0.053 r = -0.760** –
p = 0.010 p = 0.914 p = 0.559 p = 0.000

Metformin dose r = 0.080 r = -0.124 r = -0.029 r = 0.182* r = -0.166
p = 0.371 p = 0.183 p = 0.748 p = 0.042 p = 0.063

Duration of metformin therapy 
(months) r = 0.034 r = 0.066 r = 0.020 r = 0.079 r = -0.010

p = 0.701 p = 0.478 p = 0.827 p = 0.377 p = 0.911
BMI r = -0.204* r = 0.093 r = -0.094 r = 0.039 r = 0.026

p = 0.022 p = 0.317 p = 0.296 p = 0.662 p = 0.776
Systolic blood pressure r = -0.212* r = 0.105 r = -0.098 r = 0.072 r = -0.020

p = 0.017 p = 0.258 p = 0.277 p = 0.423 p = 0.824
Systolic/Diastolic ratio r = -0.088 r = 0.146 r = -0.022 r = -0.002 r = 0.095

p = 0.329 p = 0.117 p = 0.810 p = 0.984 p = 0.288
Diastolic blood pressure r = -0.119 r = -0.014 r = -0.085 r = 0.077 r = -0.095

p = 0.183 p = 0.884 p = 0.343 p = 0.389 p = 0.291
Heart rate r = -0.221* r = 0.103 r = -0.079 r = 0.077 r = -0.021

p = 0.013 p = 0.269 p = 0.381 p = 0.394 p = 0.818
* p < 0.05
** p < 0.001

Table 3. Association Between Homocysteine Concentration and Daily Metformin Dose Coefficientsa.

Model Unstandardized 
Coefficients (B) Std. Error Standardized 

Coefficients (Beta) t Sig.
95% Confidence 
Interval for B 
(Lower)

Upper

(Constant) 10.840 1.079 – 10.042 0.000 8.703 12.976
Daily metformin 
dose (mg) 0.001 0.001 0.182 2.057 0.042 0.000 0.002

a. Dependent Variable: Homocysteine.



9

Table 4. Comparison of Clinical and Biochemical Parameters According to Vitamin B12 Status.

Variable B12 Normal 
(N=62) Mean SD B12 Deficiency (N=64) 

Mean SD t p

Duration of disease (months) 67.11 24.75 65.29 26.67 0.38 0.704
HbA1c (%) 11.49 2.53 11.37 2.42 0.29 0.773
Homocysteine (µmol/L) 9.77 3.89 15.91 3.32 -9.50 <0.0001
Metformin dose (mg/day) 1612.10 704.36 1842.97 734.79 -1.80 0.074
Duration of metformin therapy 
(months) 18.53 9.06 20.08 9.14 -0.95 0.342

BMI (kg/m²) 33.31 5.93 32.03 6.67 1.14 0.258
Systolic blood pressure (mmHg) 152.06 17.36 149.92 16.70 0.71 0.482
Diastolic blood pressure (mmHg) 88.60 8.11 89.79 19.32 -0.45 0.651
Systolic/Diastolic ratio 1.71 0.05 1.69 0.13 1.38 0.172
Heart rate (beats/min) 84.10 12.41 82.70 11.76 0.65 0.519

Table 5. Linear Regression Analysis with Vitamin B12 as Independent Variable Coefficientsa.

Model Unstandardized 
Coefficients (B) Std. Error Standardized 

Coefficients (Beta) t p 95% Confidence 
Interval (Lower) Upper

Constant 19.204 0.557 – 34.474 <0.001 18.105 20.306
Vitamin B12 -0.017 0.001 -0.760 -13.039 <0.001 -0.019 -0.014
a.	 Dependent Variable: Homocysteine

Table 6. Area Under the Curve.
Test Result Variable(s):   B12  

Area Std. Errora Asymptotic Sig.b Asymptotic 95% Confidence Interval
Lower Bound Upper Bound

0.904 0.030 <0.000 0.845 0.964
The test result variable(s): B12 has at least one tie between the positive actual state group and the negative actual state group. Statistics may be 
biased.
a. Under the nonparametric assumption
b. Null hypothesis: true area = 0.5

Table 7. Diagnostic Characteristics of Vitamin B12 in Detecting Elevated Homocysteine Levels.

Sensitivity Specificity Positive Predictive Value 
(PPV)

Negative Predictive Value 
(NPV) Diagnostic Accuracy

0.849 0.850 0.924 0.723 0.849
0.773 0.739 0.866 0.596 0.787
0.925 0.961 0.982 0.851 0.912

Figure 1. Association Between Homocysteine Concentration and Daily Metformin Dose.
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curve (AUC) was 0.904 (95% CI: 0.845–0.964; p < 0.001), 
indicating excellent diagnostic accuracy of vitamin B12 levels 
for detecting elevated homocysteine. An AUC value above 0.9 
is generally considered to reflect a high level of discriminative 
ability, suggesting that vitamin B12 concentration reliably 
distinguishes between patients with normal and increased 
homocysteine levels.

The ROC analysis identified an optimal vitamin B12 cut-
off value of 443.8 pg/mL. At this threshold, the sensitivity of 
vitamin B12 for detecting elevated homocysteine was 84.9%, 
while specificity reached 85.0%. These values indicate a strong 
balance between true positive and true negative detection. The 

Youden index was calculated as 0.71, confirming that this cut-
off provides the best diagnostic trade-off between sensitivity 
and specificity.

These findings demonstrate that lower vitamin B12 
concentrations are strongly associated with increased 
homocysteine levels and that vitamin B12 measurement can be 
used as a reliable biochemical indicator for identifying patients 
at risk of hyperhomocysteinemia during metformin therapy. 
Given the strong negative correlation observed between vitamin 
B12 and homocysteine concentrations, ROC analysis further 
supports the clinical relevance of monitoring these parameters 
simultaneously in patients with type 2 diabetes.

Figure 3. ROC Curve of Vitamin B12 as a Diagnostic Marker for Hyperhomocysteinemia.

Figure 2. Association Between Vitamin B12 and Homocysteine Concentrations.
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The value of B12 as a test for elevated homocysteine is 
characterized by a very good positive predictive value and a 
good negative predictive value, and good diagnostic accuracy.
Discussion.

Metformin, widely accepted as the first-line drug for the 
management of type 2 diabetes, has been considered an effective 
and safe agent for many decades. However, over the past two 
decades, accumulating scientific evidence has shown that it 
is associated with reduced vitamin B12 levels [8,9,12]. The 
high prevalence of vitamin B12 deficiency and insufficiency 
(50.79%) found in the present study is somewhat higher than 
some literature data, but is consistent with studies that evaluated 
long-term (more than one to two years) and relatively high-dose 
metformin use [8,9,13,14]. A meta-analysis by Chapman et 
al. confirmed that metformin use significantly reduces serum 
vitamin B12 concentrations, and the risk of deficiency increases 
with both dose and duration of therapy [9]. Similarly, Kibirige 
and Mwebaze indicate that the prevalence of vitamin B12 
deficiency is particularly high in patients taking metformin for 
three years or more [12].

The mechanism of metformin-induced cobalamin absorption 
impairment is associated with inhibition of calcium-
dependent membrane transport in the ileum, which prevents 
the internalization of vitamin B12 in a complex with intrinsic 
factor. As a result, a functional deficiency develops, which may 
not be clinically manifested for a long time. It is at this stage 
that homocysteine acquires special importance as a functional 
marker of one-carbon metabolism.

The study revealed a strong and statistically significant 
negative association between vitamin B12 and homocysteine 
concentrations (β = −0.760; p < 0.001), indicating that a decrease 
in vitamin B12 levels significantly contributes to an increase 
in homocysteine. This relationship is fully consistent with the 
biochemical logic of one-carbon metabolism, according to which 
vitamin B12 is an essential cofactor for methionine synthase and 
its deficiency leads to homocysteine accumulation [3,5]. Petrova 
et al. note that vitamin B12 deficiency disrupts the methylation 
cycle and increases systemic homocysteine concentrations, 
which affects both neurological and cardiovascular risks [3].

Joshi and Jadavji have suggested that homocysteine is a 
more sensitive indicator of functional vitamin B12 deficiency 
than serum levels [1]. This is particularly important in patients 
treated with metformin, where vitamin B12 levels may be at 
the lower limit of normal but functional deficiency may already 
be present. McCaddon and Miller have also noted that elevated 
homocysteine levels often precede the development of clinical 
anemia and neurological symptoms [15].

The ROC analysis performed in the present study showed 
that vitamin B12 concentration has a high diagnostic accuracy 
for identifying elevated homocysteine levels. According to the 
obtained data, the cut-off value of vitamin B12 of 443.8 pg/
mL is the optimal indicator, below which the probability of 
elevated homocysteine significantly increases. The area under 
the curve (AUC = 0.904; 95% CI: 0.845–0.964) indicates 
high diagnostic efficiency, and the obtained sensitivity and 
specificity indicators confirm that vitamin B12 can be used to 
reliably identify metabolic disorders associated with elevated 

homocysteine. These results are consistent with the study of 
Ramírez-Villalobos et al., where hyperhomocysteinemia is 
considered as a common metabolic indicator of vitamin B12 
deficiency and cardiovascular risk [6].

Furthermore, a meta-analysis by Kataria et al. showed that 
therapeutic intervention with B vitamins significantly reduces 
homocysteine levels and may have a positive impact on 
cardiovascular outcomes [2]. This evidence further reinforces 
the need for monitoring vitamin B12 in patients treated 
with metformin to prevent not only hematological but also 
neurological and vascular complications.

The study also found a weak but statistically significant positive 
association between daily metformin dose and homocysteine 
concentrations. Although the strength of the association is 
limited, it is biologically plausible and consistent with the 
findings of Hussain et al., who suggest a dose-dependent effect 
[8]. Abdelgawad's study also confirms that homocysteine levels 
are significantly higher in patients taking metformin in the 
presence of low vitamin B12 concentrations [11].

From a clinical perspective, the high prevalence of vitamin 
B12 deficiency in diabetic patients treated with metformin is 
important not only because of the risk of anemia, but also in 
the context of neurological dysfunction and endothelial damage. 
Homocysteine is considered an independent cardiovascular risk 
factor and its elevation is associated with the progression of the 
atherosclerotic process [6,15].

Thus, the results obtained not only confirm the existing 
literature data, but also strengthen the argument that the joint 
assessment of vitamin B12 and homocysteine should be 
considered an important component of metabolic screening in 
patients with type 2 diabetes mellitus and receiving metformin 
treatment. Vitamin B12 concentration can be used as a practical 
biochemical indicator for early detection of risks associated 
with increased homocysteine and ensuring timely clinical 
intervention.
Study limitations.

Despite the important findings of the present study, several 
limitations should be considered when interpreting the results. 
First, renal function parameters were not systematically assessed 
in the study population. Impaired kidney function is known to 
influence homocysteine metabolism and may lead to elevated 
circulating homocysteine concentrations independently of 
vitamin B12 status. Therefore, the absence of renal function 
indicators such as serum creatinine or estimated glomerular 
filtration rate (eGFR) limits the ability to fully exclude the 
potential contribution of renal impairment to homocysteine 
elevation.

Second, information regarding the use of vitamin B-complex 
supplements, including vitamins B6, B9 (folate), and B12, 
was not collected systematically. These micronutrients are 
involved in one-carbon metabolism and may significantly 
affect homocysteine concentrations. The lack of detailed data 
on supplement intake represents another potential confounding 
factor that could influence the observed relationship between 
vitamin B12 and homocysteine.

Future studies should incorporate renal function assessment 
and detailed information on micronutrient supplementation in 
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order to better control for these variables and further clarify 
the metabolic relationship between vitamin B12 status and 
homocysteine levels in patients with type 2 diabetes treated with 
metformin.
Conclusion.

The results of the present study indicate that vitamin B12 
deficiency is a widespread phenomenon in patients with type 
2 diabetes mellitus and receiving metformin treatment. The 
data obtained show that in the studied population, vitamin B12 
deficiency or insufficient levels were detected in a significant 
proportion of patients, which indicates that these patients belong 
to a group at high risk of developing cobalamin deficiency. This 
circumstance emphasizes the need for regular monitoring of 
vitamin B12 levels during long-term treatment with metformin.

The study found that the daily dose of metformin is weakly 
but statistically significantly associated with homocysteine 
concentrations. Although this association is not strong, it is 
biologically plausible and suggests that the risk of functional 
impairment of one-carbon metabolism may increase with 
increasing metformin dose. Therefore, metformin dose can be 
considered as an additional factor influencing homocysteine 
metabolism.

The study also showed a strong and statistically significant 
negative association between vitamin B12 and homocysteine 
concentrations in patients with type 2 diabetes treated with 
metformin. The results support a biochemical mechanism 
whereby vitamin B12 is involved in the remethylation of 
homocysteine and its deficiency leads to the accumulation of 
homocysteine in the blood plasma. The strong standardized 
coefficient indicates that vitamin B12 is a significant independent 
determinant of homocysteine levels in this group of patients.

ROC analysis showed that vitamin B12 concentration has a 
good diagnostic ability for detecting elevated homocysteine 
levels. According to the results, the vitamin B12 value of 443.8 
pg/mL represents a clinically significant threshold value, below 
which the probability of elevated homocysteine levels increases 
significantly. This threshold value is characterized by high 
sensitivity and specificity, which indicates the good diagnostic 
efficiency of vitamin B12 in the process of identifying metabolic 
disorders associated with elevated homocysteine.

Thus, the obtained data indicate that in patients with type 2 
diabetes mellitus treated with metformin, the assessment of 
vitamin B12 is important not only for the purpose of controlling 
the hematological status, but also in the context of assessing 
the cardiovascular and neurological risks associated with 
homocysteine metabolism. The combined monitoring of vitamin 
B12 and homocysteine can be used as a practical clinical tool 
for early detection of metabolic risk in patients treated with 
metformin and ensuring timely preventive intervention.
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