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Abstract

This review briefly summarizes imeglimin’s discovery, development, 
properties, mechanisms, and core findings on efficacy and safety 
from major studies. Imeglimin is a first-in-class, orally available 
tetrahydro-triazine that was designed from the metformin scaffold 
to address the pathophysiological defects of β-cell dysfunction and 
insulin resistance in type 2 diabetes mellitus (T2DM). Pre-clinical 
work shows that imeglimin partially inhibits mitochondrial complex 
I, corrects complex III deficiency, lowers reactive oxygen species, 
and boosts NAD+-dependent ATP generation. This enhances glucose-
stimulated insulin secretion and preserves β-cell mass. Additionally, 
the compound augments endogenous glucagon-like peptide-1 (GLP-
1) and glucose-dependent insulinotropic polypeptide (GIP) release 
and improves hepatic and skeletal-muscle insulin signaling, resulting 
in combined insulinotropic and insulin-sensitizing actions. Pharma-
cokinetic studies reveal rapid absorption, an elimination half-life of 
approximately 9–12 h, high oral bioavailability, and predominantly 
renal excretion with no clinically meaningful interactions with met-
formin or sitagliptin. In phase 2 and 3 trials, the optimized regimen 
of 1,000 mg twice daily consistently lowers glycated hemoglobin 
(HbA1c) by approximately 0.8–0.9% as monotherapy and provides 
additional reductions of 0.4–0.6% when combined with metformin 
or insulin. It maintains placebo-like tolerability and a minimal risk 
of hypoglycemia. Long-term data confirm durable glycemic efficacy, 
a neutral cardiovascular profile with no QT/QTc prolongation, and 
predominantly mild gastrointestinal adverse events. Real-world evi-
dence supports sustained HbA1c lowering, modest weight loss, and 
lipid improvements over 12 months, independent of age, sex, body 
mass index, or renal function. Multivariate and cluster analyses sug-
gest that older age, therapy-naive status, and lower baseline HbA1c 
predict a more pronounced response, highlighting the importance of 
patient stratification. Research on imeglimin for T2DM is constrained 
by small sample sizes, mainly Japanese data, lack of cardiovascular 
outcome trials, limited comparisons with other antidiabetic drugs, and 

insufficient long-term safety information. More studies are needed to 
clarify its efficacy and safety profiles.

Keywords: Imeglimin; Discovery; Pharmacology; T2DM

Introduction

According to the International Diabetes Federation, type 2 dia-
betes mellitus (T2DM) currently affects approximately 589 mil-
lion adults worldwide and is projected to exceed 853 million by 
2050, and of these, four in five adults with diabetes live in low- 
and middle-income countries (Fig. 1) [1]. These surging preva-
lence and incidence rates impose an ever-increasing burden of 
micro- and macrovascular complications on healthcare systems 
and societies alike [2]. Despite the availability of multiple an-
tidiabetic drug classes, including metformin, sulphonylureas, 
thiazolidinediones, dipeptidyl-peptidase-4 inhibitors (DPP-4i), 
glucagon-like peptide-1 receptor agonists (GLP-1RAs) and so-
dium–glucose co-transporter-2 inhibitors (SGLT2i), a substan-
tial proportion of patients fail to attain or maintain durable gly-
cemic control [3]. This failure is often because traditional agents 
do not adequately address the complex, multifactorial patho-
physiology of T2DM or are limited by tolerability issues such 
as gastrointestinal disturbance, weight gain, or hypoglycemia, 
resulting in poor long-term patient adherence to therapy. Con-
sequently, there remains an unmet need for therapies capable of 
simultaneously improving β-cell function and insulin sensitivity 
with an acceptable safety profile that may improve patient com-
pliance with drug prescriptions.

Imeglimin, a first-in-class, orally administered small mol-
ecule belonging to the tetrahydro-triazine family, was developed 
to address a therapeutic gap. It was rationally derived from the 
biguanide scaffold that serves as the foundation for metformin 
[4, 5]. Imeglimin was designed to have a dual mode of action: 1) 
enhancing glucose-stimulated insulin secretion and preserving 
β-cell mass, and 2) improving insulin action in hepatic and skel-
etal muscle tissues through targeted modulation of mitochondri-
al bioenergetics. Pre-clinical studies have shown that imeglimin 
partially inhibits mitochondrial complex I while correcting com-
plex III dysfunction [4, 6]. This pharmacological activity helps 
to rebalance electron transport, reduce reactive oxygen species 
generation (ROS), and increase nicotinamide adenine dinucleo-
tide (NAD+)-dependent ATP production [7]. These mitochon-
drial effects lead to restored β-cell responsiveness and improved 
peripheral glucose disposal, setting imeglimin apart from exist-
ing antidiabetic agents. Imeglimin has been formally approved 
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and marketed only in Japan although it may be used in some 
countries without formal approval.

Over the past decade, a comprehensive clinical develop-
ment program has evaluated imeglimin in various treatment 
settings. Phase 2 and 3 randomized controlled trials (RCTs) 
have shown that imeglimin 1,000 mg twice daily reduces 
glycated hemoglobin (HbA1c) by around 0.8–0.9% as mono-
therapy or even higher values [8, 9]. When combined with 
metformin, DPP-4i, or insulin, imeglimin provides additional 
HbA1c reductions of 0.4–0.6%, while maintaining a safety 
profile similar to placebo and a minimal risk of hypoglycemia 
[10]. Long-term extension studies and real-world data sup-
port the long-lasting efficacy of imeglimin in managing blood 
sugar levels. Additionally, imeglimin has been associated with 
modest weight loss, improvements in lipid profiles, and en-
hancements of cardia and renal function [5].

This narrative review aims to synthesize the current body 
of evidence on imeglimin, including its discovery and medici-
nal-chemistry evolution, physicochemical and pharmacokinet-
ic properties, mitochondrial and incretin-based mechanisms of 
action, and the efficacy-and-safety findings from pivotal clini-
cal trials and observational studies. Special attention is given 
to pharmacokinetic interactions, predictors of therapeutic re-
sponse, and potential positioning within contemporary T2DM 
treatment algorithms. By integrating chemical, biological, and 
clinical insights, we aim to provide clinicians, researchers, and 
policymakers with a comprehensive appraisal of the therapeu-
tic potential of imeglimin and the remaining knowledge gaps 
that require future investigation.

Method

To assemble the evidence for this narrative review, we con-
ducted a thorough search of the MEDLINE database using key-

words such as “imeglimin,” “PXL-008,” “ETC-1502,” “type 
2 diabetes,” “clinical trial,” “pharmacology,” “mitochondria,” 
and “β-cell” in various combinations. The time frame consid-
ered was 2012–2025 and only articles in English were assessed 
in more detail. Additionally, we cross-referenced references 
cited in retrieved articles and relevant review papers to include 
any additional reports. The eligibility criteria for inclusion in 
this review were: 1) original experimental or clinical data on 
imeglimin, 2) peer-reviewed full-text publications, and 3) stud-
ies reporting chemical, pharmacokinetic, mechanistic, efficacy, 
safety, or real-world outcomes. In synthesizing the literature, 
RCTs, phase II/III studies, and meta-analyses were given the 
most weight for conclusions regarding efficacy and safety. In 
particular, we assessed 109 articles that were found in Pub-
Med using the search term: imeglemin AND “type 2 diabetes.” 
Mechanistic, pharmacokinetic, and early-phase studies were 
primarily used to support biological plausibility and contex-
tual interpretation. When discussing predictors of therapeutic 
response, priority was given to studies employing multivariable 
modeling or data-driven clustering over unadjusted subgroup 
analyses, and to associations that were consistent across in-
dependent datasets. For real-world data, we emphasized pro-
spective or longitudinal cohorts with clearly defined inclusion 
criteria, standardized outcome measures, and follow-up of at 
least several months. We highlighted findings that aligned with 
randomized trial data while treating isolated or heterogeneous 
observations as hypothesis-generating.

Discovery

Imeglimin can be synthesized similarly to phenformin and 
metformin and has emerged from a rational drug discovery 
program that aimed to preserve the beneficial mitochondrial 
and insulin-sensitizing properties of metformin while address-

Figure 1. Estimated number of adults (20–79 years old) with diabetes by country in 2024. The International Diabetes Federation 
(IDF) has granted permission for copyright for the requested purpose [1].
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ing its limitations in potency and tolerability [11, 12]. Medici-
nal chemistry campaigns focused on combining the guanidine 
motif of biguanides with hetero-aromatic scaffolds, leading to 
a new molecule with a tetrahydro-triazin ring. This effort ulti-
mately produced imeglimin as the primary clinical candidate 
(Fig. 2).

Pre-clinical screening has shown that this scaffold se-
lectively and reversibly modulates mitochondrial complex I 
activity, restores complex III function, and reduces ROS gen-
eration. This translates into enhanced β-cell preservation and 
improved insulin action. These mechanistic features distin-
guish imeglimin from classical biguanides and justify its ad-
vancement into clinical development.

Pharmacology

Table 1 provides a comprehensive summary of the main chem-
ical, pharmacological, biochemical, and clinical characteristics 
that distinguish imeglimin from other glucose-lowering medi-
cations. This information is based on a variety of sources [4, 
7, 8, 13–16], including the development history of this com-
pound, preclinical studies on its mechanism of action, formal 
trials in phases 2 and 3, programs examining its interaction 
within the body, and real-world data. The table organizes key 
details into four categories: chemistry, pharmacology, biology/
biochemistry, and clinical science, to illustrate how imeglimin 
progresses from molecular design to clinical use. It covers im-
portant factors such as molecular weight, solubility in water, 
recommended oral dose (1,000 mg twice a day), absorption, 
distribution, metabolism, and excretion (ADME) process, its 
effects on mitochondria and incretin systems, HbA1c reduc-
tion in various treatment scenarios, and its favorable safety 
profile, including its lack of negative impact on the heart. The 
table also includes predictive factors for patient response to 
imeglimin, such as age, prior treatment history, and initial 
HbA1c levels.

Efficacy, Safety, and Pharmacokinetic Profile of 
Imeglimin in T2DM Management

Evidence from clinical trials

Overview of clinical evidence

Numerous clinical studies, as summarized in Table 2 [10, 13, 
17–35], have evaluated the efficacy, safety, and pharmacokinet-
ic characteristics of imeglimin for the treatment of T2DM. The 
evidence indicates that imeglimin enhances glycemic control 
[10, 22, 26, 29, 34], improves insulin secretion and sensitivity 
[26], and exhibits favorable tolerability both as monotherapy 
and when combined with other antidiabetic agents [17, 22].

Comparative efficacy and combination therapies

Comparative studies have shown that imeglimin is as effective 
as metformin in reducing glycemic area under the curve (AUC), 
fasting glucose, and HbA1c, while being better tolerated, which 
supports its use in combination therapies for T2DM [17]. Ad-
ditionally, adding imeglimin to metformin significantly reduces 
HbA1c and fasting glucose compared to a placebo, while also 
improving the proinsulin/insulin ratio and maintaining a similar 
safety profile [10]. When used with insulin therapy, imeglimin 
leads to substantial and lasting decreases in HbA1c over periods 
up to 52 weeks, with a safety profile comparable to placebo and 
only mild episodes of hypoglycemia [23, 25].

Predictors of therapeutic response

Recent statistical advancements, including cluster and multi-
variate analyses have identified variables like older age, lack 

Figure 2. Chemical structures of imeglimin and metformin. This illustration shows the chemical structures of imeglimin (a) and 
metformin (b) highlighting the medicinal chemistry continuity and the shared guanidine-derived motif. Imeglimin incorporates 
this motif into a tetrahydro-triazine scaffold, resulting in a larger ring-fused “sum structure” with dual insulinotropic and insulin-
sensitizing activity, while metformin consists of a smaller open-chain biguanide that mainly exerts insulin-sensitizing effects. The 
structures were taken from the PubChem database with given Compound Identifier (CID) accession numbers.
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of prior therapy, and lower baseline HbA1c as predictors of a 
positive response to imeglimin. These predictors have shown 
varying outcomes across different patient subgroups [29].

Mechanisms of action and metabolic effects

Studies using hyperglycemic clamp techniques have shown 
that imeglimin significantly enhances insulin secretion and 
beta-cell sensitivity, leading to its hypoglycemic effects with-
out affecting glucagon levels [18]. Further research indicates 
that imeglimin not only has direct insulinotropic effects but 
also stimulates the secretion of GLP-1 and GIP [32]. When 
combined with metformin, imeglimin may cause mild gastro-

intestinal symptoms, especially diarrhea, in patients with less 
than 5 years of disease duration. However, improvements in 
glycemic control are still apparent even in those experiencing 
these side effects [33].

Pharmacokinetic interactions

Pharmacokinetic evaluations have shown that co-administer-
ing imeglimin with metformin or sitagliptin does not signifi-
cantly alter systemic drug exposure [19]. Additionally, cime-
tidine-induced inhibition of the multidrug and toxin extrusion 
transporter 1 (MATE1) leads to a slight increase in imeglimin 
concentration, but without notable clinical consequences [20].

Table 1.  Key Chemical, Pharmacological, Biochemical, and Clinical Characteristics of Imeglimin

Characteristic Details/data
Alternative names PXL-008 (development code), EMD 387008 (development code)
Chemical class and scaffold First-in-class oral antidiabetic; a small-molecule containing a tetrahydro-triazin ring; structurally in-

spired by metformin
Molecular formula/molecular weight C6H13N5 (free base); molecular weight approximately 155.20 g/mol (191.66 g/mol for the marketed 

hydrochloride salt, C6H14ClN5)
Aqueous solubility Highly soluble in water (> 100 mg/mL at 25 °C), enabling oral dosage-formulation
Optimized dose A dosage of 1,000 mg twice daily balances efficacy and tolerability
Administration route Available in oral tablets; investigated as monotherapy and add-on to met-

formin, DPP-4 inhibitors, insulin, and other oral hypoglycemic agents
Absorption and bioavailability Rapid absorption (Tmax approximately 1–2 h); absolute oral bioavailability reported to be near 100%. 

Food has limited impact
Elimination half-life t½ approximately 9–12 h; primarily renal excretion of unchanged drug
Drug–drug interactions No clinically relevant changes in exposure when co-administered with metformin or sitagliptin; 

cimetidine (MATE1 inhibitor) raises Cmax and AUC by approximately 30% without clinical impact
Mitochondrial modulation Partial complex I inhibition, correction of complex III deficiency, reduction of ROS, increase in NAD+ 

synthesis and ATP generation, preserving β-cell function
Incretin effects Stimulates endogenous GLP-1 and GIP release, augmenting insulinotropic action
β-cell function A +112% increase in insulin secretory response after 7 days; a 36% increase in β-cell glucose sensitiv-

ity
Insulin sensitivity Improves hepatic and skeletal muscle insulin signaling; decreases hepatic glucose output; OGTT-

Stumvoll index increases indicating improved insulin sensitivity
Monotherapy Reduces HbA1c by approximately −0.8% to −0.9% compared to placebo at 24 weeks
Add-on to metformin Additional HbA1c drop −0.44% over metformin alone at 12 weeks
Add-on to insulin HbA1c reduction of −0.60% at 16 weeks; sustained through 52 weeks with good tolerance
General tolerability Comparable adverse event rates to placebo; most events are mild gastrointestinal issues, notably diar-

rhea; minimal risk of hypoglycemia
Cardiovascular profile No QT/QTc prolongation at therapeutic (2,250 mg) or supratherapeutic (6,000 mg) single doses
Demographics and disease factors Better response with older age, therapy-naive status, and lower baseline HbA1c; data-driven clusters 

reveal heterogeneity
12-month follow-up Reduction in HbA1c by 0.7% to 0.9% (at 24 weeks) modest improvements in weight and lipids; ef-

ficacy independent of age, sex, body mass index, and renal function

AUC: area under the curve; Cmax: maximum plasma concentration; DPP-4: dipeptidyl-peptidase-4; GIP: glucose-dependent insulinotropic polypep-
tide; GLP-1: glucagon-like peptide-1; HbA1c: glycated hemoglobin; MATE1: multidrug and toxin extrusion transporter 1; NAD+: nicotinamide adenine 
dinucleotide; OGTT: oral glucose-tolerance test; QT/QTc: QT interval/heart-rate-corrected QT interval; ROS: reactive oxygen species; t½: terminal 
elimination half-life; Tmax: time to reach Cmax.
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Cardiovascular and overall safety

In terms of cardiovascular safety, therapeutic and suprathera-
peutic doses of imeglimin do not prolong the QT/QTc inter-
val, indicating no significant impact on cardiac parameters 
like heart rate and electrocardiogram (ECG) intervals [13]. 
Imeglimin, whether used alone or in combination with other 
antidiabetic agents, consistently improves HbA1c levels with 
strong tolerability, minimal risk of hypoglycemia, and an opti-
mal dosage of 1,000 mg twice daily to reduce gastrointestinal 
side effects [22, 25]. Notably, significant hypoglycemic effects 
are observed regardless of gastrointestinal symptoms or diar-
rhea; however, individuals experiencing such symptoms may 
achieve greater reductions in HbA1c [25, 34].

Evidence from meta-analytic reviews

A limited number of meta-analytic reviews have been con-
ducted based on published original clinical trials (Table 3) [5, 
16, 36–38]. The main findings are summarized and discussed 
below.

Glycemic control and clinical benefits

Imeglimin has been shown to effectively and safely improve 
glycemic control in patients with T2DM [36]. Clinical evi-
dence indicates significant reductions in both HbA1c and fast-
ing plasma glucose (FPG) levels. These findings highlight the 
favorable impact of imeglimin on key glycemic parameters, 
supporting its role as an effective therapeutic agent in diabetes 
management [16, 37].

Effects on insulin resistance and lipid profile

Despite the observed improvements in glycemic control, imeg-
limin did not yield significant changes in insulin resistance, 
as measured by the homeostasis model assessment of insulin 
resistance (HOMA-IR), nor did it produce notable improve-
ments in lipid parameters [36]. The meta-analyses summarized 
in Table 3 indicate inconsistent or neutral effects on insulin 
resistance and lipid parameters.

Tolerability and safety profile

Meta-analyses of RCTs have shown that imeglimin signifi-
cantly reduces HbA1c levels while maintaining an acceptable 
tolerability profile. The incidence of adverse events (AEs) was 
similar to placebo, indicating a favorable safety profile for this 
medication. Specifically, imeglimin given at a dose of 1,000 
mg twice daily seems to offer the best therapeutic benefits for 
glycemic control without compromising patient safety [16]. 
This dosing regimen has consistently proven effective in clini-
cal studies, further supporting its potential as a standard treat-
ment option.

Enhancement of β-cell function

In addition to improving glycemic control, imeglimin has 
shown effectiveness in enhancing β-cell function, which is 
essential for maintaining normal glucose levels in individuals 
with T2DM [38]. Importantly, these benefits come without sig-
nificant AEs, emphasizing the safety of the drug [37].

Limitations and Future Perspectives

It is essential to recognize specific limitations prevalent in 
current research, such as small sample sizes and patient het-
erogeneity across several studies [38]. Additional concerns 
in published literature include a predominance of Japanese 
datasets, the lack of cardiovascular outcome trials, insufficient 
direct comparisons with GLP-1RAs or SGLT2i, and limited 
long-term safety data extending beyond 2–3 years. These is-
sues highlight the need for larger and more comprehensive 
clinical trials to further clarify the role of imeglimin in the 
management of T2DM and to confirm its long-term efficacy 
and safety. Looking ahead, it is recommended that future re-
search addresses current limitations by implementing stringent 
methodologies, enrolling broader patient populations, and in-
corporating longer follow-up durations. These measures are 
critical for accurately characterizing the therapeutic profile 
of imeglimin and ensuring its adoption in clinical practice is 
based on comprehensive and reliable evidence. A thoughtful 
approach to these factors will facilitate the optimization of 
treatment protocols for patients with T2DM and enhance the 
clinical utility of this innovative therapy.

Conclusions

Imeglimin is a first-in-class novel oral glucose-lowering drug 
derived from metformin that presents an innovative approach 
to managing T2DM. Unlike traditional treatments, imeg-
limin targets key pathophysiological pathways by enhancing 
glucose-stimulated insulin secretion (GSIS) and maintaining 
β-cell mass. It also improves insulin action, potentially inhibit-
ing hepatic glucose production, and enhances insulin signal-
ing in both hepatic and skeletal muscle tissues. This leads to 
improved insulin secretion and sensitivity, as well as enhanced 
glucose utilization in peripheral tissues [4, 39].

Imeglimin may address mitochondrial dysfunction, a key 
pathogenic factor in T2DM, by rebalancing respiratory chain 
activity. Specifically, it partially inhibits complex I and cor-
rects deficient complex III, resulting in less oxidative stress 
and helping to prevent cell death. In rodent models of T2DM, 
imeglimin improves glucose-stimulated ATP production and 
boosts NAD+ synthesis through the salvage pathway, support-
ing increased insulin secretion. Additionally, imeglimin helps 
preserve β-cell mass and uniquely targets defective cellular 
energy metabolism, distinguishing from other major diabetes 
therapies [4].

Multiple key phase III clinical trials have demonstrated 
statistically significant and clinically relevant reductions in 
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glucose levels alongside an overall positive safety and toler-
ability profile. Notably, there have been no occurrences of se-
vere hypoglycemia [40]. Additional extensive studies involv-
ing varied populations are necessary to validate these findings 
[5].
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function; HOMA-IR: homeostatic model assessment of insulin 
resistance; HR: heart rate; ISR: insulin secretion rate; LDL-C: 
low-density lipoprotein cholesterol; LSM: least-squares mean; 
MAGE: mean amplitude of glycemic excursions; MATE: mul-
tidrug and toxin extrusion transporter; NAD+: nicotinamide 
adenine dinucleotide (oxidized form); NNT: number needed to 
treat; OCT: organic cation transporter; OD: once daily; OGTT: 
oral glucose tolerance test; OHA: oral hypoglycemic agent; 
OR: odds ratio; PG: plasma glucose; QT/QTc: interval from 
Q-wave onset to T-wave end/heart-rate-corrected QT; QTcF: 
QT interval corrected by the Fridericia formula; RCT: rand-
omized controlled trial; ROS: reactive oxygen species; SMD: 
standardized mean difference; T2DM: type 2 diabetes melli-
tus; TEAE: treatment-emergent adverse event; TIR: total in-
sulin response; t½: terminal elimination half-life; Tmax: time to 
reach Cmax
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