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			Abstract

			Introduction: Metformin [MET] is a first-line pharmacological therapy in the treatment of type 2 Diabetes [T2DM]. It has been reported to cause a decrease in serum Vitamin B [VB12] concentrations. 

			Objectives: To describe whether there is a relationship between the use of MET and VB12 deficiency and to evaluate the metformin ratio according to the time of exposure and the dose used.

			Materials and Methods: Patients with T2DM taking MET where included and a control group without T2DM. Patients and controls were excluded if history of cancer, malabsorptive diseases, bariatric surgery, alcoholism, pregnant women, chronic kidney disease or vitamin supplementation. Personal data, habits, blood pressure and anthropometric measurements where noted. Laboratory data included hemogram, hepatogram, creatinine, glycemia, HbA1c, lipids and VB12. Microvascular and macrovascular complications were searched for. Data were analyzed using chi-square, t-test and ANOVA, considering as significant level 0.05. [Info Stat].

			Results: 118 patients in the control group [59,3±14,2 years] and 178 with T2DM taking MET [64,5±7,4 years]. T2DM patients presented lower VB12 levels than controls [p=0.0011]. T2DM with neuropathy had a higher percentage of VB12 deficiency than those without neuropathy [p=0.01]. There was no significant difference for BMI and HbA1c. Higher deficit was found in doses  1000 [p=0.0017]. No association was found between VB12 deficiency and time of exposure to MET regardless of the dose.     

			Conclusions: We found association between the use of MET, neuropathy and VB12 deficiency. Association was found with a dose over 1000 mg/day but not with time of exposure. 
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			Abbrevations: Hb: Hemoglobin; MCV: Mean Corpuscular Volume; MET: Metformin; T2DM: Type 2 Diabetes Mellitus; MNSI: Michigan Neuropathy Screening Instrument; VB12: Vitamin B12; DPP4: Dipeptidyl Peptidase 4; ACE inhibitor: Angiotensin-Converting-Enzyme Inhibitor; NHANES: National Health and Nutrition Examination Survey; BMI: Body Mass Index

		

		
			Introduction

			Type 2 diabetes mellitus [T2DM] is a chronic metabolic disorder that is increasingly becoming a pandemic in developed and developing countries. Both the European and American guidelines recommend the use of metformin as a first-line pharmacological therapy in T2DM [1]. Besides its low cost, high efficacy in lowering HbA1c and beneficial effects on body weight loss, the relatively safe side effect profile justifies the widespread use of metformin. Several studies have reported association of Vitamin B12 deficiency in adults with type 2 diabetes taking metformin [2-5]. Research on  the subject revealed that, in 

1969, Berchtold et al, [6] reported evidence of vitamin B12 malabsorption in patients who had been treated with metformin for as little as 3 months and Tomkin et al, [7] in 1971, based on a cross-sectional study, recommended that all patients on long term metformin therapy have annual serum B12 testing.

			Many mechanisms were proposed to explain how metformin interferes with the absorption of vitamin B12. There are at least three hypotheses: 

			
					Intestinal bacteria overgrowth.

					Impaired intestinal motility and The most currently accepted mechanism suggests that metformin antagonizes the calcium cation and interferes with the calcium-dependent vitamin B12 complex binding to the ileal cubilin receptor. The reversal of metformin associated vitamin B12 malabsorption by calcium supplementation greatly supported the later hypothe­ses [8]. However, there is controversy over whether the reduction in vitamin B 12 level is due to the long-term use of metformin or if it is related to the dose. Regarding this, the American Diabetes Association in 2017 recommended the periodic measurement of Vitamin B12 in patients with metformin therapy without speci­fying the dose and the time of exposure [9]. The objective of this study is to evaluate the metformin ratio according to the time of exposure and the dose used.
Materials and Methods
Prospective transversal study, 296 patients were enrolled into the study from 1st April 2017 to 31st March 2018. Selected subjects were divided in two groups: 118 without type 2 diabetes [T2DM] and 178 patients with T2DM treated with metformin [MET]. Patients and controls were excluded from the study if they had a history of cancer, malabsorptive diseases, bariatric surgery, alcoholism, pregnant women, stage 4 chronic kidney disease [Glomerular Filtration Rate: 15-30 ml/min/1.73 m2], vitamin B12 [VB12] supplementation or drugs that could affect VB12 absorption or metabolism. The subjects were informed about the study and signed the informed consent. Family history was noted as well as personal data such as: habits, concomitant medication, weight [kg], height [m], blood pressure [mmHg]. Body mass index [BMI, kg/m2] was calculated. Underweight was defined as BMI <18.5, normal weight between 18.5 and 24.9, overweight between 25 and 29.9 and obesity ≥30 kg/m2.  A complete physical examination was performed, which included neuropathy assessment by the Michigan Neuropathy Screening Instrument [MNSI] [10]. Microvascular [retinopathy, nephropathy and neuropathy] and macrovascular [Acute myocardial infarction and stroke] complications of diabetes were searched for. Laboratory data included hemogram, hepatogram, creatinine, glycemia by standardized methods [Autoanalyzer DxC 800, Beckman-Coulter, USA], glycated hemoglobin [HbA١c] [HPLC, Variant II, Bio-Rad, EEUU], thyroid function tests, VB12 and vitamin D3 [Chemiluminescence autoanalyzer DxI Beckman Coulter, EEUU]. All patients gave written informed consent. The medical Ethical Committees of the three participating hospitals approved the trial protocol. The trial has been and is conducted in accordance with the Note for Guidance on Good Clinical Practice [CPMP] and in accordance with the Declaration of Helsinki [Revised Version of Argentine].
Statistical Analysis
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Serum VB12 concentration was determined in all participants as an Outcome variable. VB12 was used by its numerical value but, in most cases, it was categorized according to NHANES. We defined biochemical B12 deficiency as serum levels <200 ng/dl, borderline deficiency: 200 to 300 ng/ml and normal 300 ng/ml. To establish the association between VB12 deficiency and categorical data, arranged in contingency tables, we used the chi-square test. To compare the media of numerical variables between the groups of VB12 deficiency, variance analysis was applied in the NHANES categorized variables and t-test when VB12 deficiency was categorized as deficiency or normal. When the normality assumptions for the t-test were not met, the Mann-Whitney non-parametric test was used to compare two samples and, to compare more than two groups, the Kruskal-Wallis test. In occasions, asymptotic tests were used, due to the large sample size. Data with significant association is presented as well as some results that show no significant association but are considered relevant for that matter. In all cases probability <0.05 was considered significant and statistical analysis was performed using Info Stat software [Universidad Nacional de Cordoba, version 2018] (Figure 1). 
Results
Table 1: Habits, complications and medication of both groups.
		

	Control (n=118)
	Diabetics with Metformin(n=199)
	p-Value

	Habits
			
	Smokers
	19 (16.10%)
	13 (6.53%)
	0.0063

	Complications
			
	Hypertension
	46 (38.98%)
	139 (69.85%)
	<0.0001

	acute myocardial infarction
	0
	21 (10.55%)
	0.0002

	Dyslipidemia
	38 (32.2%)
	131 (65.83%)
	<0.0001

	Retinopathy
	0
	2 (1.01%)
	N/A

	Neuropathy
	0
	29 (14.57%)
	N/A

	Nephropathy
	2 (1.69%)
	30 (15.08%)
	0.0001

	Stroke
	1 (0.85%)
	4 (2.01%)
	0.4219

	Thyroid disease
	54 (45.76%)
	85 (42.71%)
	0.5969

	Other autoimmune disease
	11 (9.32%)
	11 (5.53%)
	0.1988

	Medication
			
	Insulin
	0
	48 (24.12%)
	N/A

	Sulfonylureas
	0
	22 (11.06%)
	N/A

	DPP_4i
	0
	55 (27.64%)
	N/A

	SGLT_2i
	0
	6 (3.02%)
	N/A

	GLP_1ar
	0
	3 (1.51%)
	N/A

	ECAi
	17 (14.41%)
	52 (26.13%)
	0.0145

	ARA_II
	17 (14.41%)
	45 (22.61%)
	0.075

	Statin
	35 (29.66%)
	118 (59.3%)
	<0.0001

	Proton pump inhibitors
	24 (20.34%)
	18 (9.05%)
	0.0041

	Ranitidine
	1 (0.85%)
	1 (0.5%)
	0.7077


DPP-4i: Dipeptile Peptidase Type 4 Inhibitor; SGLT-2i: Sodium-Glucose Transporter Inhibitor Type 2; ECAi: Angiotensin Converting Enzyme Inhibitor; ARA-II: Angiotensin II Receptor Antagonist; Categorical variables are expressed as frequency [%]; they are analyzed using the Chi-square test; Numerical variables are expressed as mean [SD]; they were analyzed by asymptotic test due to the large sample size; N/A: Not applicable
Table 2: Anthropometric measurements and biochemical variables of both groups. 
		Control(n=118)
	Diabetis with Metformin(n=199)
	p-Value

	Anthropometric measurements
			
	BMI (kg/m2)
	29.74 (6.20)
	32.01 (6.07)
	0.0015

	Weight (kg)
	75.48 (16.78)
	84.5 (17.65)
	<0.0001

	Systolic blood pressure (mmHg)
	122.81 (8.99)
	132.33 (15.03)
	<0.0001

	Diastolic blood pressure (mmHg)
	77.57 (7.18)
	79.79 (9.23)
	0.0211

	Biochemical variables
			
	MCV (fL)
	90.3 (4.24)
	90.5 (7.00)
	0.7688

	Glycemia (mg/dl)
	98 (15.9)
	127 (32.5)
	<0.0001

	HbA1c (%)
	5.6 (0.61)
	6.67 (1.18)
	<0.0001

	Albumin (mg/dl)
	4.1 (0.32)
	4.2 (0.30)
	0.0995

	Creatinine (mg/dl)
	0.8 (0.19)
	0.9 (0.29)
	0.0003

	Alkaline phosphatase (U/L)
	94 (48.7)
	87 (46.7)
	0.2086

	Total cholesterol (mg/dl)
	201 (39.8)
	174 (42.1)
	<0.0001

	HDL- c (mg/dl)
	52 (14.6)
	43 (13.1)
	<0.0001

	LDL –c (mg/dl)
	128 (35.0)
	103 (36.0)
	<0.0001

	Triglycerides (TG) (mg/dl)
	106 (48.1)
	139 (68.7)
	<0.0001

	No HDL-c (mg/dl)
	151 (36.0)
	132 (41.5)
	0.0001

	TG/HDL
	2.25 (1.32)
	3.72 (3.03)
	<0.0001

	Vitamin B12 ng/mL
	389 (298.9)
	298 (210.7)
	0.0037

	Vitamin D ng/mL
	24.4 (12.7)
	25.7 (10.0)
	0.3963

	TSH µUI/mL
	3.1 (2.51)
	3.2 (7.86)
	0.856

	ATPO UI/mL
	21 (17.8%)
	47 (23.6%)
	0.2222

	ATG UI/mL
	19 (16.1%)
	38 (19.1%)
	0.5022


BMI: Body Mass Index; MCV: Medium Corpuscular Volume; Categorical Variables Are Expressed as Frequency (%); they are analyzed using the Chi-square test; Numerical variables are expressed as mean (SD); N/A: Not applicable.
T2DM group of patients consisted of 69 men and 109 women with an average age of 65.46 ± 7.36 years old while control group enrolled 13 men and 105 women with an average age of 59.31 ± 14.20 years old. No significant difference between group’s average age was observed [p=0.052]. Table 1 shows habits, concomitant medication and complications in both groups. Anthropometric measurements and biochemical variables are shown in Table 2. 
Patients with T2DM presented with higher weight and blood pressure than those in the control group. As expected, patients with T2DM reported higher glycemia, HbA1c [p<0.001] and creatinine [p=0.015] as an index of renal function and significantly higher TG/HDL-c ratio [p<0.001] as a predictor of insulin resistance and atherosclerosis. Significant differences between HDL-c and LDL-c [p<0.001] were noticed with no significant difference in serum VD3. Compared with control group [389 ng/L], T2DM metformin users [298 ng/L] had significantly lower values of VB12 [p<0.001]. When VB12 values where analyzed according to NHANES criteria in: normal, borderline and deficiency; control group individuals where 49.2%, 34.7% and 16.1% respectively, while metformin treated T2DM patients where 33.7%, 31.5% and 34.8% respectively with a significant difference in normal and deficiency levels. When relationship between VB12 and age was analyzed, both groups where divided into subgroups according to age: less than [<] 65 years old, and older or equal to [≥] 65 years old. Lower levels where observed in both subgroups in the T2DM patients [p=0.007 and p=0.001 respectively]. Regarding VB12 and neuropathy, the association was analyzed only in T2DM group given that patients in the control group had no neuropathy. Patients with neuropathy showed higher proportion of VB12 deficiency [48%] than patients without it [32.68%]; [p=0.04]. No significant difference was observed among patients treated only with metformin and those with combined therapy of metformin and sulfonylureas, dipeptidyl peptidase 4 [DPP4] inhibitors and insulin. There was no significant difference between the different drugs and VB12 deficiency. No association was established between VB12 deficiency and weight categories [p=0.96]. 
Metformin dose was rated in < 1000mg and  1000mg/day. Association was observed between Metformin dose and VB12 deficiency: 69.5% of VB12 deficiency values in patients taking high doses of metformin in comparison to 51.6% in low dose treatment [p-value= 0.009]. Nevertheless, no association was ascertained between time of exposure to Metformin and VB12 serum concentration in any of the doses. A significant difference was observed in VB12 concentration values in patients taking angiotensin-converting-enzyme inhibitor [ACE inhibitor] [71.2% of patients with VB12 deficiency] in comparison to patients on other antihypertensive drugs [56.8% of VB12 deficiency] [p=0.035].
Discussion
Vitamin B12 [VB12] also known as cobalamin, plays a crucial role in intracellular metabolism. Its deficiency, with the presence of classical hematological and neurological manifestations, is rather infrequent presently. Nevertheless, subclinical deficiency can affect at least 26% of the general population even though its clinical relevance remains uncertain [11]. In our study we found a significant association between VB12 deficiency and daily dose of Metformin [MET] ≥1000 mg/d. Even though this conclusion was not met by some authors[12,13], others shared the same results and even confirmed that it constituted an independent risk factor that behaved as the strongest predictor of VB12 deficiency in type 2 diabetes mellitus [T2DM] subjects [14-17]. After adjusting by multiple variables, it was observed that the increase of 1 gram of MET a day doubled the risk of VB12 deficiency. Similar results were obtained in different studies [14-17]. Liu & col [18] proposed a dose of >2000 mg/d of MET as the cut-off point for significant decrease in VB12 concentration. Moreover, with doses over 2 g/d it was determined an increase of 22 times the risk of VB12 deficiency in a study by Alharbi [16].  A study by Ko designed ROC curves about daily doses of MET with an area under the curve [AUC] of 0.69 and a cut-off point of 1.125 mg with a sensibility of 64% and specificity of 65% [15]. 	
Other authors described serum concentrations of VB12 and its biomarkers [Methylmalonic Acid and Homocysteine] [19,20]. Three meta-analysis agreed and pointed out the interaction between time of exposure to MET and VB12 serum concentration, with a more significant result after three years of treatment [18,21]. Transversal and prospective studies reached the same results regarding risk and confirmed that the daily dose and time of exposure to MET are the most important risk factors for VB12 deficiency. Even in Ko´s study the ROC curves for duration of MET use showed an AUC of 0.72 with a cut-off point of 45.5 months with a sensibility of 80% and specificity of 57% for this deficiency [14-16]. Aroda was able to calculate a significant decrease of almost 1 pMol/L in VB12 concentration for every month of use of MET and in a controlled and randomized study, Raizada obtained an OR of 1.13 per year of treatment and, 13 years later, there was an increase of 13% of VB12 deficiency for every year of exposure to MET [5,22]. Prospective studies pointed out a positive correlation between duration of treatment with MET and the development of peripheral neuropathy due to VB12 deficiency [20,23,24]. HOME study proved that a decrease in VB12 concentration associated to the use of MET is not a transitory phenomenon but progressive and persistent [25,26].  Unlike what was previously detailed, our study found no association between VB12 deficiency and time of exposure to any of the doses of MET. Additionally, some studies found no significant increase in the prevalence of VB12 in patients with T2DM in relation to time of use of MET [2,12,13,19].
No significant association was found between VB12 levels in patients treated with combined therapy of metformin and sulfonylureas, dipeptidyl peptidase 4 [DPP4] inhibitors and insulin. In recent reviews on VB 12 deficiency it is noted that its prevalence increases in subjects over 60 years old and it is exacerbated in people older than 80 years. In this last age group, associated clinical manifestations [hematological and neurological] are generally not present or can easily be mistaken for other medical conditions related to age. What is more, Methylmalonic Acid and Homocysteine, the biomarkers of this deficiency, have less sensibility because of the concomitant renal disease which leads to their increase in the elderly population [11]. The decline in VB12 concentration associated to age is attributed to a diminished absorption and low dietary intake. This malabsorption is due to low gastric acid secretion, Helicobacter pylori infection and polypharmacy which is so frequent in the older population [8,9]. In a study done in USA amongst more than 6000 adults older than 50 years, using information from the data base of the National Health and Nutrition Examination Survey [NHANES 1999–2006], it was also concluded that the risk of T2DM and VB12 deficiency increases with age. Another prospective study in an eastern population proved correlation between age and VB12 deficiency associated to treatment with MET, with an odds ratio [OR] of 1.36 for every 10 years increase in age [8,14]. Nevertheless, multiple transversal, prospective and interventional studies also searched for this association with no positive results in relating age and VB12 serum concentration in T2DM patients treated with MET [2,14]. In our study, no significant difference was found with age between both groups. T2DM patients presented significantly lower VB12 values than the control group coincidentally with results found in the literature. When relationship between VB12 and age was analyzed, it was noticed that patients with diabetes presented lower VB12 values in both age subgroups in agreement with most authors. Regarding VB12 and body mass index [BMI], in a transversal study which involved patients with morbid obesity, BMI was adversely associated with serum VB12 due to a probable decrease in gastrointestinal absorption. Greater BMI resulted in a decrease in VB12 levels without other hematological alterations [Hemoglobin [Hb] and Mean Corpuscular Volume [MCV]]. When comparing obese BMI with VB12 deficiency and BMI of patients with normal level of VB12 a statistically significant difference was observed. Even in the multivariate model, a higher BMI could predict VB12 deficiency in morbid obesity with an OR 1.031 [p=0.007][27]. Nonetheless, in most studies carried out to analyze VB12 deficiency in patients with T2DM under treatment with MET, no significant difference was found between BMI in patients with VB12 deficiency compared to those with normal values [13,15,25,28].  Neither did we found association between VB12 deficiency and obesity categories. 	 It is well known that in clinical VB12 deficiency, neurological manifestations have an earlier development in comparison to hematological symptoms. The reduction in serum levels of VB12 rarely present with neurological disorders and usually in the absence of anemia. [11,29,30]. While the increase in MCV often precedes the decrease in Hb concentrations in megaloblastic anemia, no statistically significant correlation was found between MCV values and VB12 levels in a research made to prove the diagnostic accuracy of this parameter. The sensibility and specificity of MCV to detect VB12 deficiency was calculated to be 10.14% and 92.82% respectively. MCV precision for this vitamin depletion was estimated in 45.05% [31]. As in our population, studies on T2DM patients treated with MET no significant difference was observed in MCV of patients with VB12 deficiency and subjects with normal values [8,12,16,17].  A greater prevalence of anemia is described amongst patients with T2DM in the NHANES population, but overall of the no macrocytic type. This anemia has probably a multifactorial origin [iron-deficiency, chronic diseases] [2]. Regarding Hb concentration, no significant difference was found between T2DM patients treated with MET with VB12 normal concentration and deficiency. Therapy with MET did not predict the risk of anemia after almost 5 years of treatment [2,5,8,13,22,32]. Some investigations found a higher percentage of anemia in patients with VB12 deficiency associated to the use of MET but with normal MCV. It is of common knowledge that macrocytic manifestation of megaloblastic anemias can be masked by the coexistence of Thalassemia, iron deficiency and chronic diseases reasons why, amongst these patients, one could not rule out megaloblastic anemia because a normal MCV [15,23].  Nonetheless, our research did not find a significant difference in either Hb concentration or in MCV. 
Classic neurological manifestations of VB12 deficiency are sensitive and motor disorders [mainly of the lower limbs], ataxia, cognitive decline that can lead to dementia and psychiatric disorders as depression. These conditions are due to central and peripheral nervous system demyelination [11,27,32]. In one of the most recent published meta- analysis on VB12 deficiency in T2DM patients treated with MET, controversial results were observed on the prevalence of peripheral neuropathy possibly owing to the different research designs and methods used in the studies involved [some based only in reported symptoms from the medical history, others using different scores like Michigan or Toronto and very few used electrophysiological nerve conducting studies to asses Nerve Conduction Velocity] [8]. Some authors found no relationship between this vitamin deficiency associated with MET and the prevalence of peripheral neuropathy. Even after adjusting by different variables they reached the conclusion that neurological complications were most likely related to T2DM duration. Results in studies and meta-analyses are controversial [13,17,22,33]. On the other hand, other research studies described a strong correlation between the severity of peripheral neuropathy [by the Toronto score] and increasing and cumulative doses of MET; but in Alharbi´s study after analyzing electrophysiological tests and correcting results by multiple variables, statistical significance of this association was revoked[16,20]. Additionally, Aroda in the secondary analysis of DPP/DPPOS observed a higher prevalence of peripheral neuropathy by using monofilament test in patients with VB12 deficiency but this was recognized in a small number of patients and could not be confirmed by Michigan score. Gupta described an earlier start of the peripheral neuropathy in individuals with this vitamin deficiency and a positive correlation with MET treatment duration [5,23]. In our research, we analyzed relationship between VB12 and neuropathy in the T2DM group. Association was significant, with a higher proportion of VB12 deficiency amongst patients with neuropathy than in those without it as it is also described in some of the studies mentioned above. As a finding, we observed, in concordance with Tal, an association between the use of ACE and VB12 deficiency even though the mechanism is yet to be elucidated [34]. As a conclusion to our work, we observed that T2DM patients treated with MET 1000 mg/d presented lower VB12 serum concentrations and a higher prevalence of diabetic neuropathy without other complications. Despite Tomkin being the first to describe malabsorption of VB12 associated to the use of MET in the year 1971 and that, since 2017, the American Society of Diabetes recommends its periodic determination in patients treated with MET, there are yet plenty of aspects to clarify. The discussion about the capacity of MET to cause VB12 deficiency and its clinical consequences continues. The lack of gold standard diagnostic tests to verify VB12 status generates controversies around the accuracy of results obtained which adds more complexity to the subject [7,8]. A limitation of our work is its transverse design, so we could not evaluate cause effect. Within the strengths we were able to count on a group of controls without T2DM and we also obtained information on confusing factors such as comorbidities, medications and use of supplements with VB12.  Further research is needed to confirm this association, improve the accuracy of diagnostic tests, study long term clinical consequences and the effects of therapeutic intervention on this vitamin deficiency [35]. 
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Figure 1: Vitamin B12 levels depending on the dose of Metformin [Less than [<] 1000 mg/day and greater than or equal to [2] 1000 mg/
day), in patients with DBT 2.






