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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
with Latin symbols.

2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.

5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
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8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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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. HbAlc 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 (B = —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.
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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



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 pmol/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
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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, p = —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



Table 1. Baseline Characteristics of the Study Population.

Variable Mean + SD orn (%) 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
HbAlc (%) 11.43 +2.47 7.20 15.80
Homocysteine (umol/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/m?) 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 discase HbAlc (%) Homocysteine Vitamin B12
(months)
Duration of disease (months) r=-0.109 -
p=0.243
HbAlc (%) 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 . _ 34 r=0.066 r=0.020 r=0.079 =0.010
(months)
p=0.701 p=0.478 p=0.827 p=0.377 p=00911
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=10.072 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=10.095
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 Unstan@ardized Std. Error Standarfi ized Sig. IgrftoeA)rVCa(l)Itl“(f)'lrdlefzinCe Upper
Coefficients (B) Coefficients (Beta)
(Lower)
(Constant) 10.840 1.079 - 10.042 0.000 8.703 12.976
Daily metformin |, o, 0.001 0.182 2.057 0.042  |0.000 0.002
dose (mg)

a. Dependent Variable: Homocysteine.




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

Table 6. Area Under the Curve.

Variable g\ﬁ 621;) rl\I;II:;n SD E{leilll)eﬁmency (N=64) SD t p
Duration of disease (months) 67.11 24.75 65.29 26.67 0.38 0.704
HbAlc (%) 11.49 2.53 11.37 242 0.29 0.773
Homocysteine (umol/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 18.53 9.06 20.08 9.14 2095 0342
(months)
BMI (kg/m?) 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.

Unstandardized Standardized 95% Confidence
Model Coefficients (B) Std. Error Coefficients (Beta) P 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

Test Result Variable(s): B12

o Asymptotic 95% Confidence Interval
a b
Area Std. Error Asymptotic Sig. Lower Bound Upper Bound
0.904 0.030 <0.000 0.845 0.964

biased.

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

a. Under the nonparametric assumption

b. Null hypothesis: true area = 0.5

Table 7. Diagnostic Characteristics of Vitamin B12 in Detecting Elevated Homocysteine Levels.
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Figure 1. Association Between Homocysteine Concentration and Daily Metformin Dose.
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Figure 3. ROC Curve of Vitamin B12 as a Diagnostic Marker for Hyperhomocysteinemia.

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
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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.



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 (f =—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
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homocysteine. These results are consistent with the study of
Ramirez-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 BI12,
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



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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