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Abstract

Background: Imeglimin is a unique oral anti-diabetic agent with 
extra- and intra-pancreatic actions. Its safety and efficacy were 
demonstrated by a multicenter phase 3 trial, but its effect on albu-
minuria has not been fully evaluated. Metformin is the most widely 
used first-line anti-diabetic agent, but it partially blocks vitamin B12 
(VB12) absorption in the terminal ileum. Thus, regular monitoring of 
serum VB12 concentration is recommended during long-term met-
formin treatment. Imeglimin is a small molecule synthesized from 
metformin via a single step chemical reaction, but whether it blocks 
VB12 absorption like metformin remains unclear. In this non-inter-
ventional, retrospective longitudinal study, we investigated the effects 
of 24 weeks of imeglimin treatment on microalbuminuria as an initial 
marker of albuminuria and serum VB12 concentration in Japanese 
patients with type 2 diabetes and microalbuminuria.

Methods: Twenty-one patients (14 men, seven women) with type 2 
diabetes and microalbuminuria (30 ≤ urinary albumin-to-creatinine 
ratio (UACR) < 300 mg/gCre) aged 30 to 80 years (mean ± standard 
error (SE), 65.2 ± 2.4) were enrolled. Oral imeglimin was started at 
2,000 mg daily and continued at the same dose for 24 weeks. Other 
anti-diabetic agents were continued at their existing dosages. Labora-
tory examination was performed at baseline, 12 weeks, and 24 weeks, 
and the effect of imeglimin on glycemic control, UACR, and serum 
VB12 concentration were assessed.

Results: Mean (± SE) hemoglobin A1c decreased by 0.97±0.17% 
from baseline to 24 weeks, and UACR also decreased significantly 
(100.32 ± 12.73 mg/gCre at baseline; 49.74 ± 19.32 mg/gCre at 12 
weeks; 51.78 ± 21.59 mg/gCre at 24 weeks). Overall, serum VB12 
concentration showed no significant change at 24 weeks. However, 

subgroup analysis showed a decrease in serum VB12 concentration at 
12 and 24 weeks in patients receiving concomitant metformin (323.25 
± 51.75 pg/mL at baseline; 262.75 ± 40.96 pg/mL at 12 weeks; 249.75 
± 41.28 pg/mL at 24 weeks), but not in those not receiving metformin.

Conclusions: Twenty-four weeks of imeglimin treatment ameliorated 
glycemic control and microalbuminuria, but it decreased serum VB12 
concentration in patients receiving metformin. Thus, a large-scale 
prospective study should be needed to confirm the results and clarify 
the clinical relevance in patients with type 2 diabetes.
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Introduction

Type 2 diabetes mellitus is a metabolic disease characterized 
by chronic hyperglycemia resulting from insulin resistance 
and/or insulin insufficiency. It impairs quality of life and leads 
to significant morbidity and premature mortality [1]. Although 
most Caucasian patients exhibit insulin resistance (caused by 
obesity) while maintaining insulin secretion, in Japanese pa-
tients, the relative contribution of insulin resistance and insuf-
ficiency vary individually [2]. Thus, treatment selection for 
Japanese patients with type 2 diabetes should account for in-
dividual clinical characteristics, incorporating lifestyle modifi-
cations and drug interventions in line with the treatment algo-
rithm proposed by the Japan Diabetes Society [3].

Imeglimin is a small cationic drug in the tetrahydrotria-
zine chemical class known as the glimins used for the treat-
ment of type 2 diabetes. Its mechanism of action differs from 
that of other antihyperglycemic agents; imeglimin modulates 
mitochondrial function, reducing reactive oxygen species 
(ROS) production in systematic cells and enhancing nicotina-
mide adenine dinucleotide synthesis in pancreatic β cells, re-
sulting in increased Ca2+ mobilization in the insulin secretion 
amplification pathway [4]. Through these unique dual actions, 
imeglimin ameliorates insulin resistance in the liver and skel-
etal muscle and increases glucose-stimulated insulin secretion 
from pancreatic β cells. Thus, imeglimin is expected to im-
prove glycemic control both as monotherapy and combination 
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with other anti-diabetic agents. In a 52-week, open-label, mul-
ticenter phase 3 trial of Japanese patients with type 2 diabetes, 
imeglimin was well tolerated and showed long-term safety and 
efficacy in both monotherapy and combination therapy [5]. 
However, imeglimin is currently available only in Japan, and 
its effects on albuminuria has not been fully evaluated.

Metformin remains the most widely used first-line oral 
agent for type 2 diabetes worldwide. However, it partially inhib-
its absorption of vitamin B12 (VB12) by interfering with calci-
um-dependent binding of the intrinsic factor-VB12 complex to 
the cubam receptor in enterocytes of the terminal ileum, which 
may decrease serum VB12 concentration [6, 7]. Because VB12 
deficiency leads to hematologic abnormalities such as megalo-
blastic anemia, as well as peripheral and autonomic neuropathy, 
regular measurement of serum VB12 concentration is recom-
mended during long-term metformin treatment [7, 8]. Although 
imeglimin differs from metformin in that it is a cyclic molecule 
containing a triazine ring, it is also a small molecule and can 
be synthesized from metformin in a single-step chemical reac-
tion [9]. However, whether imeglimin affects intestinal VB12 
absorption remains unclear, and its effects on serum VB12 con-
centration have not been fully evaluated.

Therefore, the present study investigated the effect of 24 
weeks of imeglimin treatment on microalbuminuria (as an ini-
tial assessment of albuminuria) and serum VB12 concentration 
in Japanese patients with type 2 diabetes.

Materials and Methods

Participants

This single-center, non-interventional, retrospective longitudi-
nal study included patients with type 2 diabetes who were at-
tending the outpatient clinic at Yokohama General Hospital 
(Yokohama, Japan). Between December 2023 and June 2024, 
oral imeglimin was started at 2,000 mg daily and continued at 
the same dose for 24 weeks. Other anti-diabetic agents were 
continued at their existing dosages. The inclusion criteria were 
as flows: 1) aged 30 to 80 years and with a hemoglobin A1c 
(HbA1c) variation of less than 0.5% in the previous 6 months; 
and 2) chronic kidney disease (CKD) stage classified accord-
ing to the American Diabetes Association (ADA) classification 
[10] as A2 (30 ≤ urinary albumin-to-creatinine ratio (UACR) < 
300 mg/gCre, indicating microalbuminuria) and G2 (60 ≤ esti-
mated glomerular filtration rate (eGFR) < 89 mL/min/1.73 m2) 
for more than 1 year. The exclusion criteria were as follows: 1) 
malignancy, renal disease (UACR > 300 mg/gCre and/or eGFR 
< 60 mL/min/1.73m2), or severe liver disease; 2) abnormal ex-
tracellular water status, such as systemic edema or dehydration; 
3) presence of metals implants, such as pacemaker, plates, or st-
ents; 4) use of methylcobalamin (VB12); 5) any other condition 
deemed unsuitable for the study by the attending doctors. This 
study was approved by the ethics committee of Yokohama Gen-
eral Hospital (No. 202421) and was performed in accordance 
with the principles of the Declaration of Helsinki. Because this 
was a non-interventional study, informed consent was obtained 
via an opt-out process on our website.

Assessment of clinical parameters and serum VB12 level

At the start of imeglimin treatment in the outpatient clinic, 
height and body weight (BW) were measured and body mass 
index (BMI) was calculated. Blood and urine samples were 
collected after an overnight fast at baseline and weeks 12 and 
24 of imeglimin treatment for general laboratory tests. Patient 
characteristics such as diabetic medications were recorded. 
Bioelectrical impedance analysis (BIA) was performed with 
the body composition analyzer MC-780MA-N (Tanita Corp., 
Tokyo, Japan) [11]. Because abnormal extracellular water 
and metal implants may affect body composition measure-
ments by BIA, patients with these conditions were excluded. 
The fat index (FI), as index of fat mass, was defined as total 
fat mass divided by height squared (kg/m2), and the skeletal 
muscle index (SMI), as index of muscle mass, was defined as 
appendicular skeletal muscle mass (ASM; the sum of the lean 
mass of the arms and legs) divided by height squared (kg/m2). 
Serum VB12 concentration were measured by Hoken Kagaku 
Inc. (Yokohama, Japan).

Statistical analysis

Data are expressed as mean ± standard error (SE). Changes 
from baseline to weeks 12 and 24 were assessed by Dunnett’s 
multiple comparison test. Differences in mean values between 
the subgroups were assessed by Student’s t-test. All analyses 
were performed with SPSS version 21 software package (IBM, 
Tokyo, Japan). Statistical significance was defined as a P value 
less than 0.05.

Results

We included 21 patients (14 men, seven women) with type 2 
diabetes aged 37 to 80 years (mean ± SE: 65.2 ± 2.4). The 
baseline characteristics of the enrolled patients are shown in 
Table 1. The dosage of anti-diabetic agents as listed in Table 
1 and other various agents were not changed during the study 
period. Eleven patients had mild abdominal discomfort at the 
beginning of treatment, but all were able to continue the 2,000 
mg daily dose for 24 weeks.

Changes in metabolic parameters are shown in Table 2. 
BW, BMI, FI, SMI, and systolic and diastolic blood pressure 
did not change over the study period. Fasting plasma glucose 
(FPG) and HbA1c decreased significantly from baseline to 
weeks 12 and 24, with decreases from baseline to week 24 
of 28.0 ± 7.1 mg/dL and 0.97±0.17%, respectively. Although 
serum low-density lipoprotein (LDL) cholesterol and high-
density lipoprotein (HDL) cholesterol did not change, serum 
triglycerides (TG) decreased significantly from baseline to 
week 24. Among the liver enzymes, aspartate aminotransferase 
(AST), and γ-glutamyltransferase (γ-GTP) did not change, but 
alanine aminotransferase (ALT) decreased significantly from 
baseline to weeks 12 and 24.

Changes in renal parameters are shown in Figure 1. Al-
though the eGFR did not change over the study period, UACR 
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was significantly reduced at 12 and 24 weeks. At 24 weeks, 
eight patients had normalized to a normoalbuminuric state 
(UACR < 30 mg/gCre), and the other 13 patients had im-
proved within the range of microalbuminuria (30 ≤ UACR < 
300 mg/gCre).

The effect of imeglimin on red blood cell (RBC) parame-
ters and serum VB12 concentration are shown in Table 3. Data 
are shown for all patients and for subgroups of patients with (n 
= 8) and without (n = 13) concomitant metformin. As shown 
in Table 4, baseline characteristics of the subgroups of patients 

Table 1.  Baseline Characteristics of Enrolled Patients

Baseline characteristics N = 21 (14 men/7 women)
Variables
    Age (years) 65.20 ± 2.43
    BW (kg) 68.82 ± 1.17
    BMI (kg/m2) 25.81 ± 0.70
    FPG (mg/dL) 163.05 ± 7.13
    HbA1c (%) 8.08 ± 0.12
Medication of anti-diabetic agents usage
    No medication, n (%) 3 (14.3)
    Insulin, n (%) 1 (4.7)
    Metformin, n (%) 8 (38.0)
    Sulfonylurea, n (%) 6 (28.6)
    DPP-4 inhibitor, n (%) 17 (81.0)
    Glinide, n (%) 3 (14.3)
    α-GI, n (%) 3 (14.3)
    SGLT2 inhibitor, n (%) 8 (38.0)
    GLP-1 receptor agonist (oral), n (%) 1 (4.7)
    GLP-1 receptor agonist (injection), n (%) 0 (0.0)

Data are expressed as mean ± SE. SE: standard error; BW: body weight; BMI: body mass index; FPG: fasting plasma glucose; HbA1c: glycated 
hemoglobin; DPP-4: dipeptidyl peptidase-4; α-GI: α-glucosidase inhibitor; SGLT2: sodium-glucose cotransporter 2; GLP-1: glucagon-like peptide-1.

Table 2.  Changes in Metabolic Parameters

Baseline Week 12 P vs. baseline Week 24 P vs. baseline
BW (kg) 69.02 ± 2.11 68.69 ± 2.05 0.481 68.74 ± 2.00 0.587
BMI (kg/m2) 25.81 ± 0.70 25.67 ± 0.66 0.408 25.70 ± 0.66 0.563
FI (kg/m2) 7.78 ± 0.76 7.56 ± 0.71 0.145 7.81 ± 0.73 0.960
SMI (kg/m2) 7.90 ± 0.17 8.00 ± 0.19 0.240 7.83 ± 0.19 0.272
SBP (mm Hg) 134.76 ± 2.53 135.19 ± 2.90 0.975 134.00 ± 2.69 0.925
DBP (mm Hg) 77.48 ± 2.53 76.71 ± 2.49 0.743 75.71 ± 2.59 0.242
FPG (mg/dL) 163.05 ± 7.13 146.10 ± 6.06 < 0.001 135.09 ± 5.71 < 0.001
HbA1c (%) 8.08 ± 0.12 7.25 ± 0.12 < 0.001 7.11 ± 0.15 < 0.001
LDL-cholesterol (mg/dL) 117.91 ± 5.84 116.95 ± 6.67 0.939 116.67 ± 5.18 0.901
HDL-cholesterol (mg/dL) 53.67 ± 2.59 51.95 ± 2.71 0.445 56.24 ± 2.96 0.185
Triglycerides (mg/dL) 153.43 ± 14.05 157.95 ± 17.71 0.855 126.00 ± 13.39 0.048
AST (IU/L) 24.29 ± 1.77 21.71 ± 1.40 0.084 22.09 ± 1.25 0.155
ALT (IU/L) 29.05 ± 3.32 24.48 ± 2.77 0.004 23.95 ± 2.47 0.001
γ-GTP (IU/L) 42.90 ± 7.79 36.19 ± 6.17 0.107 37.10 ± 6.70 0.177

Data are expressed as mean ± SE. SE: standard error; BW: body weight; BMI: body mass index; FI: fat index; SMI: skeletal muscle index; SBP: sys-
tolic blood pressure; DBP: diastolic blood pressure; FPG: fasting plasma glucose; HbA1c: glycated hemoglobin; LDL: low-density lipoprotein; HDL: 
high-density lipoprotein; AST: aspartate aminotransferase; ALT: alanine aminotransferase; γ-GTP: γ-glutamyltransferase.
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Table 3.  Effect of Imeglimin on RBC Parameters and Serum VB12

Baseline Week 12 P vs. baseline Week 24 P vs. baseline
RBC (106/mm3)
    Total 498.86 ± 11.08 476.52 ± 10.35 < 0.001 477.86 ± 10.81 < 0.001
        With metformin 524.13 ± 21.45 503.13 ± 20.45 0.028 497.25 ± 20.79 0.006
        Without metformin 483.31 ± 10.61 460.15 ± 8.93 0.010 465.92 ± 11.32 0.056

Hb (g/dL)
    Total 14.60 ± 0.30 13.98 ± 0.28 < 0.001 14.25 ± 0.32 0.042
        With metformin 15.15 ± 0.58 14.54 ± 0.57 0.006 14.60 ± 0.62 0.013
        Without metformin 14.27 ± 0.31 13.64 ± 0.25 0.014 14.04 ± 0.36 0.465
MCV (fL)
    Total 89.57 ± 0.84 90.79 ± 0.77 < 0.001 92.49 ± 0.70 < 0.001
        With metformin 88.68 ± 1.59 89.41 ± 1.46 0.248 91.01 ± 1.19 < 0.001
        Without metformin 90.12 ± 0.97 91.63 ± 0.81 < 0.001 93.39 ± 0.79 < 0.001
VB12 (pg/mL)
    Total 291.94 ± 26.39 251.61 ± 22.38 0.039 264.00 ± 23.59 0.180
        With metformin 323.25 ± 51.75 262.75 ± 40.96 0.017 249.75 ± 41.28 0.004
        Without metformin 266.90 ± 23.32 242.71 ± 25.27 0.484 275.40 ± 28.27 0.906

Data are expressed as mean ± SE. SE: standard error; RBC: red blood cell; Hb: hemoglobin; MCV: mean corpuscular volume; VB: vitamin B.

Table 4.  Baseline Characteristics of Subgroups With and Without Metformin

Group with metformin Group without metformin P
N (men/women) 8 (6/2) 13 (8/5)
Age (years) 63.32 ± 4.175 66.41 ± 2.919 0.281
BMI (kg/m2) 26.83 ± 1.081 25.19 ± 0.835 0.132
HbA1c (%) 8.19 ± 0.263 8.11 ± 0.143 0.263
eGFR (mL/min/1.73m2) 70.5 ± 4.09 67.2 ± 3.23 0.275
UACR (mg/gCre) 84.5 ± 16.7 110.1 ± 16.6 0.195

Data are expressed as mean ± SE. SE: standard error; BMI: body mass index; HbA1c: glycated hemoglobin; eGFR: estimated glomerular filtration 
rate; UACR: urinary albumin-to-creatinine ratio.

Figure 1. Changes of estimated glomerular filtration rate and urinary albumin creatinine ratio. Data are expressed as mean ± SE. 
*P < 0.05, **P < 0.01 vs. baseline. eGFR: estimated glomerular filtration rate; UACR: urinary albumin-to-creatinine ratio.
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with and without metformin were not different except for a low-
er proportion of women in the subgroup with metformin. Over-
all, RBC and hemoglobin levels decreased significantly, mean 
corpuscular volume (MCV) increased significantly, and VB12 
concentration did not change from baseline to week 24. Howev-
er, VB12 concentration decreased significantly from baseline to 
weeks 12 and 24 in patients receiving concomitant metformin, 
while it did not change in those not receiving metformin.

Discussion

The present study demonstrated three key findings regarding 
the clinical effects of 24 weeks of imeglimin treatment in Japa-
nese patients with type 2 diabetes. First, FPG and HbA1c were 
reduced by 28.0 ± 7.1 mg/dL and 0.97 ± 0.17%, respectively. 
Second, UACR decreased despite unchanged eGFR. Third, se-
rum VB12 concentration decreased only in patients receiving 
concomitant metformin.

Regarding the effects on glycemic control, a phase 3 clini-
cal trial of imeglimin reported a mean reduction in HbA1c of 
0.46% in patients receiving imeglimin monotherapy and 0.56-
0.92% in patients receiving combination therapy with various 
oral agents at 52 weeks, with the greatest reduction (0.92 %) 
observed in patients also receiving a dipeptidyl peptidase-4 in-
hibitor (DPP-4I) [5]. A recent retrospective longitudinal study 
of imeglimin also demonstrated a 1.1% reduction in HbA1c at 
6 months [12]. Given that 81% of patients in the present study 
were receiving DPP-4Is, the observed HbA1c reduction is con-
sistent with previous findings.

As shown in Table 2, we found that neither FI nor SMI, as 
assessed by BIA, changed over the study period, suggesting 
that imeglimin has a neutral effect on body composition. This 
finding is consistent with the recent report by Oyanagi et al 
[13]. Previously we reported that ALT and HbA1c were inde-
pendently associated with changes in intrahepatic lipid (IHL) 
content, as measured by proton magnetic resonance spectros-
copy [14]. In the present study, both serum ALT and HbA1c 
were decreased at 12 and 24 weeks, suggesting the possibility 
of IHL reduction.

As shown in Figure 1, UACR was reduced at 12 and 24 
weeks in patients at CKD stage A2G2. Although two recent 
studies found no change in UACR after 6 months of imeg-
limin treatment, their study population included patients with 
macroalbuminuria [12, 15]. Because no large-scale studies on 
the effects of imeglimin on albuminuria in patients with type 
2 diabetes have been reported, whether imeglimin can ame-
liorate microalbuminuria is unclear. Microalbuminuria results 
from increased albumin passage through the glomerular fil-
tration barrier, which can be caused by hyperfiltration due to 
elevated glomerular capillary pressure (a vasodynamic factor) 
[16] or damage to the glycocalyx layer of glomerular capillary 
endothelium (a metabolic factor). The glycocalyx layer, which 
is composed of glycoproteins and proteoglycans, is located on 
the endothelial cell surface and restricts protein permeability 
in both systemic and glomerular capillaries [17]. In a diabetic 
hyperglycemic state, excessive production of ROS and proin-
flammatory cytokines can damage the glycocalyx layer, leading 

to increased permeability and microalbuminuria [17, 18]. Imeg-
limin improves mitochondrial function by regulating the activ-
ity of the mitochondrial respiratory chain complex and subse-
quently suppressing ROS production [4]. Detaille et al reported 
that imeglimin decreased ROS production and inhibited mito-
chondrial permeability transition pore opening in endothelial 
cells, preventing cell damage and death during hyperglycemia-
induced oxidative stress [19]. In a rat model of metabolic syn-
drome, imeglimin treatment reduced plasma glucose and ROS 
production in the left ventricle and simultaneously decreased al-
buminuria without affecting creatininuria [20]. Together, these 
findings suggest that imeglimin may prevent glomerular capil-
lary endothelial damage by suppressing ROS production, which 
may reduce microalbuminuria. Because microalbuminuria is a 
risk factor for micro- and macroangiopathy, patients at the A2G2 
stage require lifestyle modification and optimal pharmacothera-
py to control plasma glucose level, manage blood pressure, and 
prevent CKD progression [10, 17]. A consensus report by the 
ADA defines SGLT-2Is and glucagon-like peptide-1 receptor 
agonists (GLP-1Ras) as beneficial agents to prevent CKD de-
velopment or progression and defines other anti-diabetic agents, 
not including imeglimin, as neutral [10]. Imeglimin is currently 
available only in Japan, and its effects on renal function remain 
unclear. Thus, further basic and clinical studies are needed to 
clarify these effects in patients with type 2 diabetes.

As shown in Table 3, serum VB12 concentration was 
reduced at 12 and 24 weeks only in patients receiving met-
formin. This finding is consistent with that of Usui et al, who 
recently reported that serum VB12 level was not reduced in 
patients treated with imeglimin monotherapy for 24 weeks 
[21]. Thus, imeglimin itself may not affect VB12 adsorption at 
the terminal ileum. Metformin is mainly absorbed in the small 
intestine via organic cation transporter 1 (OCT1), plasma 
membrane monoamine transporter, and serotonin transporter 
[22], and unabsorbed metformin moves to the terminal ileum 
and blocks VB12 absorption [6, 7]. Thus, the decrease in se-
rum VB12 concentration is dose-dependent on metformin [23, 
24], suggesting that the amount of unabsorbed metformin at 
the terminal ileum may be increased with higher metformin 
dosage, leading to lower VB12 absorption. However, the exact 
mechanism which VB12 decreased in the group with concomi-
tant metformin is unclear. As imeglimin is a substrate of OCT1 
[25], it may compete with metformin for absorption in the 
small intestine. Interestingly, co-administration of metformin 
(850 mg twice daily) and imeglimin (1,500 mg twice daily) 
for 6 days in healthy participants led to a minor reduction in 
plasma concentration and renal excretion of metformin [26], 
suggesting the possibility that more unabsorbed metformin 
reached the terminal ileum, potentially enhancing its inhibitory 
effect on VB12 absorption. However, the study did not meas-
ure fecal metformin excretion or serum VB12 concentration. 
Therefore, further large-scale studies are needed to clarify the 
effect of combined imeglimin and metformin on serum VB12 
concentration and related outcomes, such as anemia or periph-
eral neuropathy. In this study, RBC count and hemoglobin lev-
els were decreased at 12 weeks, and MCV was increased at 24 
weeks in patients with and without concomitant metformin, 
suggesting that these hematological changes are not associated 
with metformin. A prospective study of imeglimin’s effects on 
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erythrocytes is in progress [27] and may provide further infor-
mation on hematological changes during imeglimin treatment.

The present study has several limitations. First, it was 
a non-interventional, retrospective longitudinal analysis of 
a small number of patients without a control group. At our 
hospital, imeglimin is typically administered to patients with 
reduced eGFR (< 60 mL/min/1.73m2) and/or those with re-
ceiving methylcobalamin (VB12) to treat diabetic neuropathy 
to prevent metformin-associated VB12 deficiency. These pa-
tients were excluded from the present study, resulting in a lim-
ited number of patients, especially in the subgroup receiving 
metformin. In this subgroup, the mean baseline VB12 concen-
tration was higher than in the subgroup not receiving metform-
in, but the difference was not significant. The baseline VB12 
concentration in the metformin subgroup ranged from 225 
to 455 pg/mL, and all patients in this subgroup showed a de-
crease in VB12 concentration at weeks 12 and 24. Because this 
study was exploratory and had a limited number of patients, 
the generalizability of the findings may be limited. Howev-
er, the results provided an interesting and important basis for 
further investigation. Thus, future prospective interventional 
studies with larger populations and control group are needed 
to confirm the present results. Second, UACR was evaluated 
with spot urine samples rather than 24-h samples. Considering 
the daily and diurnal variation of UACR, future studies using 
24-h samples or multiple spot samples may provide more ac-
curate assessment. Third, serum folic acid and homocysteine 
concentrations were not measured. Metformin may cause de-
ficiency in folic acid in addition to VB12 [28]. Homocysteine 
is converted to methionine in the presence of VB12 and fo-
lic acid, and serum homocysteine concentration increases in 
the context of serious VB12 and folic acid deficiency. Thus, 
measuring VB12, folic acid, and homocysteine concentrations 
would provide a better understanding of the clinical relevance 
of reduced VB12 and folic acid. Fourth, neurological changes 
were not assessed. Because VB12 deficiency may be associat-
ed with peripheral neuropathy [6, 7] and cognitive impairment 
[29], future studies should include neurological evaluations to 
assess clinical significance of VB12 deficiency.

In conclusion, 24 weeks of imeglimin (2,000 mg daily) 
treatment improved glycemic control and reduced urinary al-
bumin excretion in patients with type 2 diabetes and micro-
albuminuria. However, serum VB12 concentration was de-
creased only in patients receiving concomitant metformin. A 
large-scale prospective study is needed to confirm these results 
and clarify the mechanism underlying imeglimin’s effects on 
microalbuminuria and VB12 absorption in patients with type 
2 diabetes.
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