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Abstract

Metformin is a first line treatment for diabetes. As a positive additional effect, it reduces the risk
of vascular pathology and mortality and exhibits a geroprotective effect. The appointment of
metformin is a pathogenetic therapy for type 2 diabetes, due to the effect of reducing insulin
resistance, increasing peripheral glucose utilization by tissues, reducing gluconeogenesis and
reducing glucose production by the liver. Epidemiological and randomized studies have shown
that long-term treatment with metformin significantly increases the risk of decreased blood levels
of vitamin B12 and the risk of folate deficiency, contributing to the progression of diabetic
peripheral neuropathy..

Introduction

Diabetes mellitus is a global problem all over the world. The term "Cachara diabetes” as defined
by the World Health Organization (WHO) means a metabolic disorder of multiple etiologies,
which is characterized by chronic hypergliemia with impaired metabolism of carbohydrates, fats
and proteins as a result of impaired insulin secretion and / insulin action. Diabetes is the only non-
communicable disease (meaning especially dangerous infections - plague, smallpox, etc.) taken
under the control of the United Nations (UN)

Type 2 diabetes mellitus (DM), the most common endocrine disease, is a serious medical and
social problem due to the widespread progressive increase in morbidity, chronic course and high
frequency of disabling complications [1; 4]. According to forecasts, 2011-2019 Science for
Education Today (until 2018: Bulletin of Novosibirsk State Pedagogical University) Science for
Education Today 2019, vol. 9, © no. 1 http://sciforedu.ru ISSN 2658-6762 210 by 2040 their total
number will reach 642 million® [4]. Every 6 seconds. One person dies in the world from diabetes
mellitus and its complications?.

Ataac  gmadera IDF. 7-e wm3a. 2015 [QaexkTponnsiii  pecypce]. URL:
http://www.diabetesatlas.org (1aTa oopamenusi: 09.12.2018) 2 Tam :ke. 3 Petri C., Stefani L.,
Bini V., Mascherini G., Francini L., De Angelis M., Galanti G. Life style and nutrition habits
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in type 2 diabetes [DnexkTpoHHBINH pecypcl. URL:
https://www.researchgate.net/publication/278024473 (nata oopamenus: 09.12.2018)

As of 01.01.2019. 230,610 patients with diabetes are registered in Uzbekistan:

18,349 patients with type 1 diabetes (TIDM), and 212,261 patients with type 2 diabetes (T2DM).
According to screening studies, the prevalence of type 2 diabetes in Uzbekistan has increased by
1.6 times over the past 14 years and, according to the latest data (2015), is 7.9% among people
over 35 years of age. According to the National Register of Board of Directors (2007, 2010), as
well as

according to the annual reports of the regional dispensaries of the Republicof UzbekistanBekistan,
about 80% of patients do not reach the target indicators of carbohydrate metabolism, which
contributes to the development of various diabetic and cardiovascular complications, shortening
the life of patients, high [Clinical Recommendation for Treatment of Type 2 Diabetes
Mellitus.Ruk.dlya Doctors 2019.Tashkent].

Over the past 15 years, there have been revolutionary discoveries in diabetology in the field of
research on the pathogenesis of type 2 diabetes, accompanied by the development of new classes
of hypoglycemic drugs that have radically changed the treatment algorithm.

Metformin is a 1st-line treatment for diabetes. As a positive additional effect, it reduces the risk
of vascular pathology and mortality and exhibits a geroprotective effect. Metformin monotherapy
is recommended against the background of lifestyle changes in HbAlc <9%. The appointment of
metformin is a pathogenetic therapy for type 2 diabetes, due to the effect of reducing insulin
resistance, increasing peripheral utilization of glucose by tissues, reducing gluconeogenesis and
reducing glucose production by the liver. In addition to reducing fasting and post-meal glycemia
(without a significant risk of hypoglycemia), metformin significantly reduces risk factors for
cardiovascular disease. Level HbAlc decreases in monotherapy with metformin up to 2%.

To reduce side effects (metallic taste in the mouth, nausea, diarrhea, flatulence), the dose of
metformin should be titrated from 500 mg to a maximum of 2550-3000 mg. It should be noted that
when taken after meals, the frequency of occurrence decreases

side effects. The effectiveness of the drug should be evaluated

on the 3-4th day of admission.

Contraindications

> > CJI1

» > keroanu03

» » Pregnancy and lactation

» » liver pathology (increase in ALT >2.5 times)

» » kidney CKD C 3b-5 (GFR <45 ml/min/1.73 m2)

» » chronic heart failure I11-1V degree.

» > severe anemia

» » alcoholism

The drug is integrated into the complex therapy of polycystic ovaries, treatment of infertility in
women associated with insulin resistance and glucose tolerance. However, long-term use of
metformin (months and years) helps to reduce the levels of vitamin B12 in the blood, disrupts the
absorption of thiamine and other B vitamins [1]. Epidemiological and randomized studies have
shown that long-term treatment with metformin significantly increases the risk of lowering blood
levels of vitamin B12 and the risk of folate deficiency, contributing to the progression of diabetic
peripheral polyneuropathy [2].
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Clinical practice shows that 10-30% of patients who took metformin often have blood levels of
cobalamin below 200 pmol/L [3]. At the same time, vitamin B12 and other B vitamins (in
particular, B1 and B6) are essential for maintaining sugar metabolism [4], especially in patients
with diabetes. Further, the results of fundamental studies of the effect of metformin on the
homeostasis of vitamin B12, the clinical consequences of taking metformin related to
hypovitaminosis B12, and clinical studies of the relationship between metformin and
hypovitaminosis B12 are consistently considered.

Body

Fundamental studies of the effect of metformin on vitamin B12 homeostasis Malabsorption of
vitamin B12 during malabsorption, recorded as abnormal results of the Schilling test (which
quantifies the absorption of vitamin B12 with an isotopic label in the presence of an intrinsic factor
and without it), are a typical side effect of biguanide therapy in patients with type 2 diabetes
mellitus (T2DM) [5], including buformin [6] and metformin [7].

In experimental and clinical studies, it has been shown that biguanides such as phenformin,
buformin, metformin do not change the volume of stool or the excretion of fat through the
gastrointestinal tract (GIT), but significantly reduce the content of bile acids in intestinal transit.
This is due to an excessive increase in the deconjugation of glycocholic acid, which is a conjugate
of cholic acid and glycine. During the deconjugation of glycocholic acid, glycine is detached, and
90-95% of cholic acid is absorbed in the intestine into the blood and enters the liver through the
portal vein [8].

As a result, the content of fatty acids in intestinal transit decreases, which significantly impairs the
absorption of all fat-soluble micronutrients (vitamins A, D, K, etc.). In particular, the lack of bile
acids somewhat reduces the absorption of vitamin B12 in the small intestine [9], which is
consistent with the peculiarities of the chemical structure of vitamin B12 (see Fig. 1). In the
experiment, guinea pigs received saline, or phenformin, or metformin (subcutaneously or orally).
Bile acid excretion was assessed using 14 C-cholic acid. Parenteral and oral administration of
biguanides has been shown to cause malabsorption of bile acids and vitamin B12 [10].
Discontinuation of treatment with biguanides or the introduction of antibiotics normalizes the
deconjugation of bile acids. The effect of antibiotics on the deconjugation of bile acids suggests
that the overgrowth of opportunistic bacteria in the small intestine leads to the binding of vitamin
B12 by pathogenic bacteria, which is reflected in the abnormal results of the Schilling test [7].
An experimental study showed that metformin disrupts the redistribution of vitamin B12 in the
body, increasing, in particular, the accumulation of B12 in the liver. After daily subcutaneous
injections of metformin or placebo (saline), vitamin B12 levels decreased by 22% (range 370 to
289 umol/L, 95% confidence interval CI 47-383, p=0.001). The animals were then given vitamin
B12 with an isotopic label (57 Co) per os. After metformin injections, the amount of B12 in the
liver was 36% higher (p=0.007) and in the kidneys was 34% lower (p=0.013) compared to the
placebo group (Fig. 2). At the same time, there was no significant difference between the groups
in the total amount of absorbed vitamin B12 [11]. Thus, metformin may not impair the absorption
of vitamin B12, but nevertheless cause disturbances in its physiological compartmentalization. In
particular, under the influence of metformin, there is a decrease in the levels of vitamin B12 in the
kidneys and blood serum. As a result, the peripheral nerves do not receive enough cobalamin and
its derivatives. It can also be noted that the accumulation of B12 in the liver and erythrocytes [12],
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which occurs under the action of metformin, may contribute to the geroprotective effects of this
drug [13]

Changes in the homeostasis of vitamin B12 are characteristic of biguanides, but not of other drugs
for the treatment of type 2 diabetes. Treatment of patients with type 2 diabetes (n=165) with
metformin or rosiglitazone for 6 weeks showed that both drugs significantly reduced the levels of
triglycerides, low-density lipoproteins (LDL), total cholesterol, HbAlc and insulin. The use of
metformin was associated with an increase in homocysteine levels (+2.4 umol/L), a decrease in
folate levels (-1.04 ng/ml) and vitamin B12 (-20 pg/ml). On the contrary, the level of homocysteine
decreased (-0.92 umol/L), while the levels of folate and vitamin B12 remained unchanged [14].

It is important to note that the absorption of the vitamin B 12 complex with the cobalamin
transporter protein in the intestine depends on the concentration of Ca2+ ions. Therefore, calcium
subsidies help to improve the absorption of B12 while taking metformin [15]. Reduced calcium
supply is common among patients with diabetes and in elderly patients. Consequences of taking
metformin related to hypovitaminosis B12 Vitamin B12 deficiency is usually accompanied by:
relevant clinical manifestations (usually neurological).

The most common causes of hypovitaminosis B12 are indigestion, pancreatic insufficiency,
chronic drug treatment not only with metformin, but also with drugs from the group of proton
pump inhibitors (PPIs) and other drugs that reduce the acidity of gastric juice [16].The combination
of metformin with histamine H2 receptor antagonists or PPIs is especially dangerous in
polyneuropathy, which develops as a result of malabsorption of vitamin B12 and / or in severe
form hypovitaminosis B12 [17].

Metformin and PPI treatment in patients with type 2 diabetes (n=231) is associated with a 3-fold
higher risk of developing hypovitaminosis B12 (less than 180 pg/ml, 22.5% of patients) than in
the control group (n=231, 7.4%) [18]. Even relatively short-term treatment with metformin (6
months) causes a decrease in cobalamin levels and an increase in serum homocysteine. Within 2
years of metformin treatment in patients with type 2 diabetes (n=90), the risk of peripheral
neuropathy significantly increased [19]. In the groups of patients with established malabsorption
of cobalamin from food (n=80) and patients with cobalamin deficiency (n=127), serum vitamin
B12 levels were 153+74 pg/ml (95% CI 35-200 pg/ml), and homocysteine levels reached very
high levels of 20.6+15.7 umol/L (95% CI 8-97 pumol/L).

The main clinical manifestations of vitamin B12 deficiency were peripheral polyneuropathy
(46%), asthenia (19%), stroke (12%), dementia (10%), leg edema (11%) and gastrointestinal
diseases (8%). The most typical comorbid conditions associated with B12 deficiency were atrophic
gastritis (39%, often with signs of Helicobacter pylori infection — 12%) and alcohol abuse (14%)
[20]

In patients with diabetes and polyneuropathy due to atherosclerosis, serum vitamin B12 levels
were significantly lower when taking metformin (ra (p<0.001)

An increase in cobalamin levels for every 25 pmol/L was associated with a 6% reduction in the
risk of neuropathy (risk ratio — RR 0.94, 95% CI 0.88-1.00, p=0.034) [21]. A systematic analysis
of 43 studies of the association between serum vitamin B12 levels and cognitive impairment
showed that low levels of B12 (less than 250 pmol/L) are significantly associated with Alzheimer's
disease, vascular dementia and Parkinson's disease. The use of metformin helps to reduce serum
levels of vitamin B12 and, accordingly, increases the risk of cognitive impairment. Vitamin B12
supplements, administered orally or parenterally at a high dose (1 mg / day), effectively correct
vitamin deficiency and contribute to prevention
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cognitive impairment in patients with pre-existing vitamin B 12 deficiency (less than 150 pmol/L)
[22]

The following case clearly illustrates that malabsorption/redistribution of vitamin B12 during
long-term treatment with metformin can lead to megaloblastic anemia [23]. Patient A., 47 years
old (height 1.57 m, body weight 88 kg) with symptoms of polyuria and polydipsia against the
background of high venous blood glucose levels (10 mmol/l in the postprandial 21-hour test), was
prescribed a low-calorie diet (1000 kcal) containing 100 g/day of carbohydrates.

Despite following the diet for 1 year, the patient regularly had hyperglycemia, as a result of which
metformin (500 mg / day) was prescribed. After 8 years of metformin therapy, the patient
developed severe clinical symptoms of anemia without peripheral neuropathy. The results of
laboratory tests showed: hemoglobin level 89 g / dl, average erythrocyte volume (MCV) 106 fl
(norm 84-99), intracellular hemoglobin (MCH) 36 pg (norm 30-35 pg), bilirubin 164 pumol / 1
(norm 3-21 umol / 1), lactate dehydrogenase 680 units (norm 220-440), serum iron concentration
10 pmol / I (norm 14-25 pmol / 1). The patient's serum vitamin B12 levels were only 60 pmol/L
with a lower normal limit of 150 pmol/L.

A general blood test showed that red blood cells were enlarged, megaloblastic forms were noted.
A modified combination Schilling test showed that when a test dose of vitamin B12 was
administered from the body per day, only 6.2% was excreted in the urine at a rate of 10-32%.
Studies using barium sulfate as radiopaque indicated the presence of a symptom of flocculation
and adhesion of food transit in the proximal ileum. At the same time, local intestinal lesions in the
patient were not established.

After treatment with cyanocobalamin at a dose of 1000 pg/day for 1 month and then maintenance
monthly single injections (1000 pg/month), serum vitamin B12 levels increased to 1000 ng/l,
hemoglobin to 139 g/dl against the background of the disappearance of clinical and laboratory
manifestations of anemia [24]. In patients with type 2 diabetes treated with metformin, cobalamin
levels greater than 150 umol/L were associated with a reduced risk of depression (RR 0.42, 95%
Cl 0.23-0.78) and better preservation of cognitive functions [25]. Clinical studies of the
relationship between metformin and hypovitaminosis B12. The incidence of vitamin B12
deficiency (concentrations less than 150 umol/L) in patients with type 2 diabetes was 28%, and
metformin was a significant risk factor for hypovitaminosis B12 (RR 1.96, 95% CI 0.99-3.88,
p=0.053) [26]. In another study, in patients with type 2 diabetes taking metformin (n=231), vitamin
B12 deficiency (levels less than 180 pg/ml) was also more common (22.5%) than in healthy
participants (n=231, 7.4%, p <0.05) [27] Even short-term use of metformin by patients with type
2 diabetes (1-3 months) leads to a decrease in the level of B vitamins in the blood. For example,
in the group of patients with type 2 diabetes undergoing insulin treatment (n=745), metformin was
taken for 16 weeks. Compared with the placebo group, metformin was associated with a significant
reduction in folate levels (-7%, 95% CI 1.4 to -13, p=0.024) and vitamin B12 (-14%, 95% CI 4.2
to -24, p < 0.0001) against an increase in homocysteine levels (+4%, 95% CI 0.2-8, p=0.039) [28]
An analysis of a multicenter cohort (n=2510, participants over 50 years of age) showed that the
use of metformin in patients with diabetes was associated with reduced serum concentrations of
vitamin B12 (average 409 pmol/L) compared with the group of patients with T2DM who did not
take metformin (average 485 pmol/L, p<0.01).

Adjuvant therapy of type 2 diabetes with vitamin B12 as part of multivitamin complexes led to a
significant increase in serum B12 levels (509 pmol/l) compared with a subgroup of patients who
did not receive B12 subsidies (376 pmol/l, p <0.01)
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Vitamin B12-containing multivitamins were associated with a more than 6-fold reduction in the
risk of hypovitaminosis B12 (levels less than 220 pmol/L) (RR 0.14, 95% CI 0.04-0.54) [29].
A systematic review and meta-analysis of 17 studies confirmed the relationship between
metformin and vitamin B12 deficiency in patients with type 2 diabetes. In particular, a meta-
analysis showed a statistically significant effect of a 57 pmol/L reduction in serum vitamin B12
levels (95% CI -35 to -79 pmol/L) associated with metformin use for only 2-3 months [30]
Analysis of data from the Diabetes Prevention Program Outcomes Study (DPPOS) cohort
(n=3210) confirmed that long-term use of metformin (1700 mg/day, 5 years) is associated with
vitamin B12 deficiency. Thus, vitamin B12 levels of less than 150 pmol/L were observed much
more often (4.3%) in patients treated with metformin than in the placebo group (2.3%, p <0.05)
[31]
A randomized trial conducted as part of the DPPOS project confirmed the results of the cohort
study.
The cohort was randomized to receive metformin (n=1073) or placebo (n=1082) for 3 years. The
use of metformin was indeed associated with an increased risk of vitamin B12 deficiency [32]. A
meta-analysis of 6 randomized controlled trials confirmed that serum vitamin B12 concentrations
were significantly lower in patients treated with metformin than in those treated with placebo or
rosiglitazone (mean difference -54 pmol/L, 95% CI -81 to -26 pmol/L, p=0.0001). Subgroup
analyses indicated 4 studies in which patients received a lower dose of metformin (less than 2000
mg/day) and 2 studies in which patients received a higher dose (2000 mg/day or more).
A distinct dose-dependent effect was observed: at doses of metformin less than 2000 mg/day,
vitamin B12 concentrations decreased by an average of -37.99 pmol/L (95% CI -57 to -18 pmol/L,
p=0.0001), and at doses greater than 2000 mg/day — by -78.62 pmol/L (95% CI 106-51 pmol/L,
A meta-analysis of 29 studies (n=8089) showed an increase in the number of cases of B12
deficiency in the group of participants, metformin (RR 2.45, 95% CI 1.74t0 3.44, p <0.0001 In
the metformin group, serum B12 levels were lower by an average of 65 pmol/L (95% CI -78 to -
54 pmol/L, pp<0.00001
The results of this meta-analysis also confirmed the statistically significant effects of metformin
on the formation of B12 deficiency [34]. A randomized trial showed that sublingual intake of
vitamin B12 supplements (1 mg per day, 3 months) in patients with type 2 diabetes treated with
metformin led to a significant increase in serum vitamin B12 levels (372+103 pmol/l, control —
242+40 pmol/l, p <0.04)
A cross-sectional study of patients with diabetes taking metformin (n=550, average dose 1306
mg/day, average duration of 64 months) showed that an increase in the daily dose of metformin
by 1 pg/day was associated (p <0.001) with an average decrease in serum cobalamin levels by
0.042 pmol/L (95% CI -0.060 to -0.023 pmol/L) [36].

Conclusion

Metformin is a drug for thetreatment of type 2 diabetes. The drug is included in the
complextherapy of type 2 diabetes and conditions associated with insulin resistance and glucose
tolerance. Metformin is actively used as a geroprotector. Treatment with metformin is often
prolonged. The maximum daily dose of metformin is 3000 mg / day. Patients receive metformin
more often in doses of more than 850-1500 mg / sut, which can lead to a violation of the
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metabolism of vitamin B12 in the body in patients and, in particular, to a decrease in serum B12
levels, with the development of irreversible consequences.

General practitioners, endocrinologists, hepatologists should monitor the homeostasis of Vitamin
B12 in patients taking metformin and inform patients about the correct prevention.
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