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v Resume

The review explains the main possible mechanisms for the development of vitamin B12 deficien-
cy in type 1 diabetes mellitus, as well as issues of active screening and treatment of this vitamin de-
ficiency.
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JAE®UIIUT BUTAMUHA B12 Y TIAHUMEHTOB C CAXAPHBIM JTUABETOM | TUIIA
(0630p rumepamyp)

Anuesa A.B., Xatioaposa D.A., Kenoocaesa K.111.

PecrryOnnkaHCcKull crieITiaIn3npPOBaHHBIA HAyYHO-TIPAKTHYCCKIN METUIIMHCKUI EHTP YHIOKPH-
Hoytorun uMeHn akagemuka 5. X. KOpakynosa mpu MuHUCTEpCTBE 3/1paBooxpaHeHus PecryOmmku VY 3-
OcekrcTaH

v' Pe3wome

B 0030pe npusedensl ocroenble 603MONCHIE MEXAHUIMBL pazeumus depuuuma eumamuna B12
npu caxapnom ouabeme I muna, a maKsice 60nPOCHL AKMUEHO20 CKPUHUNZA U NleYenUs deuyuma
O0AHHO20 GUMAMUNA.

Knioueevie cnoea: eumamun Bl2, caxapuviii ouabem 1 muna, nonuneiiponamus, 3amecnmu-
menvnaa mepanus

I-TYP KAHJJIU AJMABET BEMOPJIAPJA BUTAMUKH B12 ETUIIMOBUYNJIJIUT U
(aoabuémnap wapxu)

Anuesa A.B., Xatioaposa @.A., Kenoocaesa K.111.

V36exncron Pecny6mukacu COFNMKHY CaKjIall Ba3UpiUTy Xy3ypunaru Akagemuk S.X. Typakynos
HomHuaryu PecnyOnrka nxtucocnamrupuiarad JHAoKkpuHoaorus Mnmuit-Amanmii Tu66uér Mapkazu

v’ Pe3tome

Aoabuémnap wapxuoa |-myp Kanonu ouabemoa BI2 eumamunu emuwimosyuIUZUHU
PUBONCTIAHUWHUNZ ACOCUIL MEXAHUIMIAAPU, UWIYHUHZ20CK, YUIOy GUMAMUH eMUMMOGUUTIUSUHU
daon mexwupuw 6a 0a601aW MACANANAPU KETMUPUTIZAH.

Kanum cyznap: B12 eumamunu, |-myp xanonu ouabem, nonauHeuponamus, aimamimupuii
mepanuscu

Relevance

itamin B12 is a co-enzyme of two important reactions: 1) the formation of succinic acid from fatty

Vacids and amino acids; 2) the formation of homocysteine and methionine, which are necessary for

the synthesis of choline, phosphatidylcholine, as well as adrenaline, creatine and carnitine. In addition,

during the second reaction, folic acid is retained in the cell and thus adequate nucleic acid synthesis is
ensured.

Vitamin B12 deficiency is biochemically accompanied by an increase in the level of methylmalo-

nic acid (MMK) and homocysteine, and a decrease in the level of methionine and folic acid. Clinical-
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ly, vitamin B12 deficiency is manifested by megaloblastic anemia, funicular myelosis, distal paresthe-
sias, increased tendon reflexes, the appearance of ataxia, disorientation, hallucinations and memory
impairment [16].

In a cross-sectional study in South India among 90 patients with type 1 diabetes, low levels of vit-
amin B12 were found in 54% of patients, regardless of gender, age, duration of diabetes and glycemic
control [15]. However, the data of Indian authors should be regarded with caution, taking into account
the peculiarities of nutrition: vegetarianism is one of the factors contributing to the development of
vitamin B12 deficiency, since animal proteins are the main source of this vitamin.

On the other hand, in a study that analyzed the data of the laboratory that determines the level of
vitamin B12 from all examined individuals, deficiency was detected in 28% of cases (from referrals to
the laboratory), of which only 2% were patients with type 1 diabetes [25].

The increased risk of vitamin B12 deficiency in type 1 diabetes can be explained by the following
factors.

1. Autoimmune atrophic gastritis. Patients with type 1 diabetes have 3 times higher prevalence of
chronic autoimmune gastritis comparing to the general population (2%). In this disease, production of
antibodies to the parietal cells of the stomach and to the Castle internal factor result in block of bind-
ing of vitamin B12 to IFC, which disrupts the absorption of vitamin B12. Therefore, pernicious ane-
mia is diagnosed 5-10 times more often among patients with type 1 diabetes comparing to the general
population [8].

2. Autoimmune thyroiditis in the stage of hypothyroidism. Vitamin B12 deficiency in patients with
autoimmune thyroiditis can be explained by the presence of the same antibodies to the parietal cells of
the stomach and Castle factor, a decrease in vitamin intake from food, impaired erythropoiesis due to
hypothyroidism, and impaired absorption due to decreased gastrointestinal motility, swelling of the
gastrointestinal wall and excessive growth of bacterial flora [14].

3. Celiac disease is a common autoimmune gastrointestinal disease occuring in 1-16% of patients
with type 1 diabetes compared to 0.3-1% in the general population. The ingestion of cereal gluten and
a number of other proteins is a trigger for this condition in individuals with genetic predisposition.
Due to enteropathy, patients often experience physical retardation, chronic diarrhea, and anemia due to
malabsorption of folic acid and vitamin B12 [21].

It is important to remember that a variety of neuropathies and the presence of glossitis can be mani-
festations of vitamin B12 deficiency while the hemoglobin level is within a normal range [25].

So, the question arises, when and how one should screen for vitamin B12 deficiency in patients
with type 1 diabetes. Despite the high frequency and potential severity of B12-deficient conditions,
there are still no uniform international recommendations regarding the methods of diagnosis and
treatment, as well as screening for vitamin B12 deficiency in patients with diabetes. The fact is that the
amount of vitamin B12 in the liver is sufficient to ensure the enzymatic reactions in which it partici-
pates for 3-5 years. Therefore, the clinical manifestations of vitamin B12 deficiency may be delayed
for a specified period of time. A manifestation of the biochemical deficiency of the vitamin itself will
be preceded by an increase of homocysteine and methylmalonic acid in the blood — these are the sub-
strates of biochemical reactions with vitamin B12 as a coenzyme.

However, M.J. Rose and N. Berliner (2000) showed that, in the presence of obvious clinical mani-
festations, vitamin B12 deficiency was also confirmed by laboratory, and only in about 5% of patients
with clinical manifestations of vitamin B12 deficiency its blood level was within the lower reference
range. In these patients, for the diagnosis of B12 deficiency, the authors recommend additionally test-
ing for homocysteine and methylmalonic acid metabolites in blood serum.

De-Block C. et al. [8] consider that due to the high prevalence of pernicious anemia and subsequent
deficiency of vitamin B12 among patients with type 1 diabetes, screening for vitamin B12 deficiency
should be performed upon diagnosis, and then annually for the first 3 years, and then every 5 years or
more often if there are any clinical indications, since vitamin B12 deficiency can develop at any time.
Screening should include an assessment of serum vitamin B12 levels and markers of autoimmune gas-
tric diseases, such as antibodies to parietal cells of the stomach and autoantibodies to Castle's intrinsic
factor, especially in patients with type 1 diabetes with antibodies to glutamate decarboxylase (GAD-
65) and antibodies to thyroperoxidase (Ab-TPO). The presence of these autoantibodies increases the
likelihood of vitamin B12 deficiency [8].
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The level of vitamin B12 <200 pg/ml corresponds to a deficit (97% sensitivity) [7], the level of >
400 pg/ml confirms the absence of vitamin B12 deficiency. Measurement of homocysteine and
methylmalonic acid (MMA) levels in blood serum is a more sensitive and specific screening approach,
especially for patients with borderline vitamin B12 values from 200 to 400 pg/dl and mild hematologi-
cal signs [12; 24].

So why not start screening for vitamin B12 deficiency by determining homocysteine and MMA?
The answer to this question is in the absence of the unified reference values and methods for testing
for these substances. The reference value of homocysteine is 5-15 umol/L. In addition, it is very im-
portant to comply with the requirements for collection and storage of blood samples. The blood sam-
ple should be stored in the refrigerator, and centrifugated within 2 hours after sampling [24].

The reference values of MMA range from 0.27 to 0.75 pumol/L, depending on the laboratory. An
increase in MMA per se is not strictly specific for vitamin B12 deficiency. The level of MMA may
increase in patients with chronic kidney disease, hemoconcentration and the syndrome of excessive
bacterial growth in the small intestine. Despite these limitations, a pronounced increase in MMA (>
0.75 umol/L) is typical precisely for vitamin B12 deficiency. Price is also of no less importance:
MMA is tested for by the expensive method of gas chromatography or mass spectrometry, which lim-
its its widespread use [24].

Treatment for vitamin B12 deficiency does not depend on its etiology. Although there are no unite
recommendations for treatment yet. De-Block C. et al. note that in young patients with type 1 diabetes
and vitamin B12 deficiency, replacement therapy with intramuscular injection or oral administration
of vitamin B12 at a dose of 100 pg for a week, then 1 time per month, is sufficient. In severe cases,
parenteral or oral administration of vitamin B12 in dose of 1000 pg/day is recommended for a week,
followed by the same dose weekly for 1 month, and then monthly [8].

Concomitant folate deficiency should be treated with oral replacement at a dose of 5 mg per day for
1-4 months. Folate should not precede the correction of vitamin B12 deficiency, as this can lead to the
progression or worsening of neurological manifestations [10].

Vitamin B12 replacement therapy leads to symptom relief in patients with severe diabetic neuropa-
thy. A meta-analysis showed a significant improvement of somatic symptoms such as pain and pares-
thesia when taking vitamin B12 as monotherapy or in combination with a complex of B vitamins. It
also showed an improvement in autonomic symptoms when using vitamin B12 as monotherapy [2].
An increase in cobalamin levels for every 25 pmol/L was associated with a 6% reduction in the risk of
neuropathy (RR 0.94, 95% CI 0.88-1.00, p = 0.034) [11].

An Iranian randomized blinded clinical study performed among 100 patients with diabetic neuropa-
thy showed a decrease in pain and paresthesia score when using vitamin B12 compared to nortripty-
line [23].

Conclusion

Is it necessary to take vitamin B12 supplementation in type 1 diabetes before the development of
clinical manifestations of its deficiency? There are currently no clinical recommendations for the
prophylactic use of vitamin B12. There is also no data on the optimal prophylactic dose.

This emphasizes the need for further studies to determine the optimal dose and frequency of
prophylactic intake of vitamin B12 in patients with diabetes.

Thus, clinical and biochemical deficiency of vitamin B12 is widespread among patients with type 1
diabetes. Further extensive well-planned studies are required to screen for vitamin B12 deficiency, to
reveal the optimal regimen and dose of its supplementation among patients with type 1 diabetes to cre-
ate uniform clinical recommendations for practitioners. In patients with diabetes who have specific
risk factors for vitamin B12 deficiency, and these are patients with type 1 diabetes with concomitant
autoimmune thyroiditis, atrophic gastritis and celiac disease, it may be advisable to screen for vitamin
B12 deficiency annually using more sensitive methods such as testing for homocysteine and
methylmalonic acid levels in blood serum.
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