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Abstract
The global epidemic of dysglycemia, spanning from pre-diabetes to overt type 2 diabetes
(T2D), constitutes a primary driver of cardiovascular morbidity and mortality worldwide.
While managing established T2D remains crucial, accumulating evidence underscores that
the pre-diabetic state itself represents a period of active, subclinical cardiovascular injury.
This  commentary  argues  for  a  fundamental  strategic  shift:  from  merely  delaying
progression to T2D toward actively  pursuing remission of  pre-diabetes -  defined as the
sustained  return  to  normoglycemia  -  as  a  potent  and  likely  essential  target  for  curbing
cardiovascular disease. This approach moves beyond traditional risk factor management by
targeting a reversible pathophysiological nexus. The rationale is robust, implicating insulin
resistance, hyperinsulinemia, β-cell stress, chronic inflammation, endothelial dysfunction,
and  a  pro-atherogenic  lipid  profile.  Notably,  long-term  follow-up  data  from  landmark
prevention trials now provide compelling evidence that achieving remission is associated
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with a striking reduction of approximately 50% in the risk of cardiovascular death and heart failure hospitalization.
Although intensive lifestyle intervention remains the cornerstone, emerging therapeutic options - including potent
glucagon-like peptide-1 (GLP-1) receptor agonists, glucose-dependent insulinotropic polypeptide (GIP)/GLP-1 dual
agonists, and metabolic surgery - offer new pathways to induce remission. Nevertheless, significant gaps persist,
primarily the lack of a consensus definition for pre-diabetes remission and the absence of prospective trials with
remission  as  a  primary  cardiovascular  endpoint.  Addressing  these  gaps  through  coordinated  research,
consensus-building, and integration into clinical guidelines is imperative to translate this paradigm from a compelling
hypothesis into a standard of care capable of altering the cardiovascular trajectory of hundreds of millions at risk.

INTRODUCTION
Cardiovascular disease (CVD) remains the leading cause of death and disability in individuals with

dysglycemia, imposing an unsustainable burden on global health systems. This special issue on “Emerging

Mechanisms and Therapeutic Strategies in Diabetic Cardiovascular Disease” rightly focuses on innovative

approaches within the diabetic population. However, a compelling case can be made that the most impactful

window for intervention lies further upstream, in the vast and often overlooked population with

pre-diabetes. In this commentary, we explore the pathophysiological foundations, review the clinical

evidence mosaic, discuss the expanding therapeutic toolkit, highlight the urgent need for a standardized

definition, and outline a roadmap for future research and clinical integration. Characterized by impaired

fasting glucose (IFG), impaired glucose tolerance (IGT), or elevated glycosylated hemoglobin A1c (HbA1c)

(5.7%-6.4%), pre-diabetes affects over one-third of adults in some populations, representing more than a

billion individuals globally
[1 ,2 ]

. This is not a benign or “pre-” condition; it is a state of heightened

cardiometabolic risk where endothelial damage and atherogenesis are already underway
[3]

. Emerging

evidence suggests that an even earlier marker - 1-h postprandial hyperglycemia - may identify individuals at

a highly reversible stage of metabolic dysfunction, preceding the conventional diagnosis of pre-diabetes, thus

offering a potential earlier window for interception
[4]

. Recently, a Commentary in The Lancet Diabetes &

Endocrinology proposed defining pre-diabetes remission as a distinct prevention endpoint. While that

publication established the definitional framework, our commentary argues for the clinical necessity of this

target specifically for cardiovascular protection, extending the concept from diabetes prevention to direct

CVD risk modification
[5]

.

Historically, the clinical and research focus in pre-diabetes has been narrowly centered on preventing

progression to type 2 diabetes (T2D). Seminal trials such as the Diabetes Prevention Program (DPP) and the

Da Qing study unequivocally demonstrated that intensive lifestyle changes or metformin could reduce

diabetes incidence by 31%-58%
[6-9]

. This “delay strategy” has justifiably formed the bedrock of prevention

guidelines. However, a deeper interrogation reveals a critical nuance: a significant proportion of participants

in these studies, particularly in the lifestyle arms, did not just delay diabetes but actually reversed their

dysglycemia, reverting to normal glucose levels
[10]

. This phenomenon, which we term pre-diabetes remission,

was often a secondary observation. We posit that remission is not merely a synonym for non-progression but

represents a qualitatively superior metabolic state with distinct and potent cardiovascular protective

effects
[11]

. In this commentary, we propose adapting the principles from T2D remission, defined as the

achievement of an HbA1c level < 6.5%, sustained for at least 3 months after the cessation of glucose-lowering

pharmacotherapy
[12]

. It signifies a fundamental reset of underlying metabolic derangements rather than a

temporary pause in disease progression. The recent landmark harmonized analysis of the DPP Outcomes

Study (DPPOS) and the Da Qing Diabetes Prevention Outcome Study provides the most powerful evidence

to date, showing that remission is associated with a halving of cardiovascular mortality and heart failure risk

over decades of follow-up
[13]

. This commentary synthesizes this emerging evidence, contending that the

active pursuit of pre-diabetes remission must become a central, explicit goal in cardiovascular prevention.



Li et al. Metab Target Organ Damage. 2026;6:9 Page 3 of 9

THE PATHOPHYSIOLOGICAL IMPERATIVE: WHY PRE-DIABETES ACTIVELY DRIVES
CARDIOVASCULAR DAMAGE
The elevated CVD risk in pre-diabetes is not passive but the direct result of a concerted pathogenic cascade.

Remission can disrupt this cascade at its source, providing rationale for its cardioprotective effects.

At its epicenter lies insulin resistance in skeletal muscle, liver, and adipose tissue
[14]

. The resulting

compensatory hyperinsulinemia is not merely a biomarker but a direct driver of cardiovascular injury
[15]

. It

stimulates vascular smooth muscle cell proliferation and migration into the arterial intima, promotes renal

sodium reabsorption (exacerbating hypertension), and, crucially, induces endothelial dysfunction by

impairing the insulin-stimulated phosphoinositide 3-kinase-protein kinase B (PI3K-Akt) pathway, which

reduces nitric oxide (NO) bioavailability
[16]

. This creates a pro-inflammatory, vasoconstrictive, and

pro-atherogenic endothelial phenotype
[17,18]

.

Even in pre-diabetes, pancreatic β-cells are under duress, exhibiting loss of first-phase insulin response and

disrupted secretory pulsatility
[19]

. Concurrently, the incretin effect - the augmented insulin secretion after oral

glucose intake - is blunted due to reduced sensitivity to glucagon-like peptide-1 (GLP-1) and

glucose-dependent insulinotropic polypeptide (GIP)
[20,21]

. This defect not only hampers glucose control but

also deprives the cardiovascular system of the direct protective benefits of these hormones, such as

GLP-1-mediated vasodilation and anti-inflammatory actions
[22]

.

Concurrently, dysfunctional visceral adipose tissue acts as a potent endocrine organ. It secretes excessive

pro-inflammatory cytokines [e.g., tumor necrosis factor-α (TNF-α), interleukin-6 (IL-6)] and alters

adipokine balance, reducing protective adiponectin. This ectopic fat deposition, particularly in the liver and

around blood vessels, further exacerbates systemic insulin resistance and releases free fatty acids that

contribute to hepatic gluconeogenesis and dyslipidemia. This state of chronic low-grade inflammation and

associated oxidative stress further damages the endothelium, promotes the oxidation of low-density

lipoprotein cholesterol (LDL-C), and fosters a prothrombotic environment. The resultant atherogenic

dyslipidemia - elevated triglycerides, low high-density lipoprotein cholesterol (HDL-C), and a predominance

of small, dense LDL particles - accelerates the formation of atherosclerotic plaque
[23]

.

This pathogenic triad of insulin resistance/hyperinsulinemia, β-cell stress, and inflammation/dyslipidemia

culminates in endothelial dysfunction, the seminal event in atherogenesis. In pre-diabetes, this is often

clinically silent but detectable via increased carotid intima-media thickness or impaired flow-mediated

dilation
[24]

. Achieving remission, particularly through mechanisms that significantly reduce ectopic and

visceral fat mass, directly and simultaneously ameliorates each component of this triad, thereby restoring

vascular homeostasis and halting the progression of subclinical atherosclerosis. Central to this restoration is

the remarkable plasticity of pancreatic β-cell function. Research indicates that even in established T2D, a

significant proportion of dysfunctional β-cells can recover their glucose-responsive insulin secretion under

appropriate metabolic correction, underscoring that pre-diabetes and early diabetes represent a critical

window for reversing β-cell stress through interventions that alleviate metabolic demand
[25]

. Normoglycemia

restoration marks broader metabolic repair, extending beyond glucose to improve blood pressure, lipids, and

inflammation - collectively reducing cardiovascular risk.

CLINICAL EVIDENCE MOSAIC: FROM SURROGATE MARKERS TO HARD OUTCOMES
While definitive, prospective trials with remission as a primary endpoint are awaited, a converging body of

evidence strongly supports the cardiovascular benefits of achieving normoglycemia.
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The most transformative evidence comes from a 2025 joint analysis of two landmark prevention trials. This

study harmonized data from the U.S. DPPOS and the Chinese Da Qing Outcome Study, following

participants for up to 30 years. Critically, the assessment methods and timing were robust: in the Da Qing

study, glucose status was evaluated via a 75 g oral glucose tolerance test (OGTT) every two years during the

active intervention, while the DPPOS utilized annual assessments of fasting plasma glucose and HbA1c, with

OGTTs used to confirm diabetes status. The findings are unequivocal: individuals who achieved remission

from pre-diabetes (reverting to normal glucose levels within the first 1-6 years of intervention) experienced a

dramatic reduction in hard cardiovascular endpoints. Specifically, the adjusted hazard ratio for the

composite of cardiovascular death or heart failure hospitalization was 0.41 in DPPOS and 0.49 in the Da

Qing study, translating to an approximate 50%-60% risk reduction. This effect was sustained over decades,

demonstrating a profound “legacy” or “metabolic memory” benefit. As lead author Andreas Birkenfeld

noted, pre-diabetes remission could become “a fourth major primary prevention tool” alongside blood

pressure control, cholesterol reduction, and smoking cessation
[13]

.

Large observational cohorts consistently reinforce that the cardiovascular risk of pre-diabetes is malleable.

Studies like the Whitehall II cohort show that individuals who regress from pre-diabetes to normoglycemia

have a subsequent CVD risk profile equivalent to those who never had dysglycemia, effectively “resetting”

their risk trajectory
[26]

. This risk normalization underscores the reversibility of early cardiometabolic damage.

Moreover, this effect appears to be independent of subsequent weight regain, suggesting that the metabolic

reset achieved during remission confers durable vascular protection. Furthermore, intervention studies using

surrogate endpoints confirm the mechanistic plausibility. Intensive lifestyle programs leading to weight loss

in pre-diabetes consistently demonstrate benefits such as slowed progression of carotid intima-media

thickness, improved endothelial function measured by flow-mediated dilation, and reduced arterial

stiffness
[27]

. Recent mechanistic evidence further elucidates these findings: among individuals achieving ≥ 5%

weight loss, those who return to normoglycemia exhibit greater improvements in insulin sensitivity and

more pronounced reductions in visceral adipose tissue compared to weight-matched individuals who remain

dysglycemic - differences that translate to a substantially lower risk of progressing to T2D
[28]

. These

improvements in insulin sensitivity and visceral adiposity are key determinants of microvascular health,

including urinary albumin-to-creatinine ratio and small vessel integrity. Collectively, these improvements in

vascular health provide a direct biological link between the process of achieving remission and the reduction

of atherogenic burden.

THE THERAPEUTIC ARSENAL: A TIERED STRATEGY FOR INDUCING REMISSION
Inducing sustained remission requires interventions of sufficient potency to overcome insulin resistance and

allow for metabolic recovery. The contemporary clinical toolkit now enables a personalized, stepped-care

model.

The DPP protocol (≥ 7% weight loss via calorie reduction and ≥ 150 min/week of moderate activity) remains

foundational, achieving remission in roughly 30% of participants. Recent studies from China have further

validated the efficacy of low-calorie diets (around 815-835 kcal/day) and intermittent calorie restriction (e.g.,

5 days of very low energy intake followed by 10 days of regular diet) in inducing T2D remission, with

remission rates comparable to international data and significant improvements in medication reduction
[29,30]

.

While these data originate from T2D populations, they support the metabolic reversibility principle relevant

to pre-diabetes. The 2025 American College of Lifestyle Medicine guideline formalizes a holistic “Six Pillars”

approach: nutrition, physical activity, stress management, sleep optimization, positive social connection, and

avoidance of harmful substances
[31]

. It emphasizes that the magnitude of weight loss is a key predictor;

remission rates correlate strongly with losing 5%-15% or more of body weight. This weight loss threshold is

critical for mobilizing ectopic fat stores in the liver and pancreas, a biological “reset” that alleviates
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lipotoxicity and facilitates the restoration of β-cell function. Such findings suggest that remission represents a

distinct physiological recovery - potentially reversing β-cell dedifferentiation - rather than merely being a

proxy for weight reduction
[32,33]

. Dietary patterns emphasizing whole foods, low glycemic load, and healthy

fats show particular promise in improving insulin sensitivity and promoting remission. Innovative,

less-intensive models are also being explored, such as the 6-week “Project Health T2D” program, which uses

cognitive dissonance and behavioral techniques to encourage sustainable habit change
[34]

.

For many, lifestyle alone is insufficient. Newer agents with cardiovascular benefits are paradigm-shifting

candidates, aligning with the European Association for the Study of Obesity (EASO) framework endorsing

pharmacotherapy to achieve normoglycaemia in obesity and pre-diabetes
[35]

: (1) GLP-1 Receptor Agonists

(GLP-1 RAs): Drugs such as semaglutide and liraglutide cause profound weight loss and glycemic

improvement. A 2025 dynamic systematic review reaffirmed their cardiovascular benefits in T2D, including

reduced mortality, myocardial infarction, stroke, and heart failure hospitalization
[36]

. Although this evidence

base is primarily derived from T2D trials, their efficacy in achieving normoglycemia in obese individuals

with pre-diabetes makes them a powerful remission-induction tool; (2) Sodium-Dependent Glucose

Transporters 2 (SGLT2) Inhibitors: These agents offer glycemic control, weight loss, and unique benefits on

heart failure hospitalization and renal outcomes
[36]

. Their cardioprotective role is established in T2D and

heart failure populations, offering a rationale for consideration in pre-diabetic individuals with high heart

failure risk; (3) Tirzepatide: This dual GIP/GLP-1 receptor agonist has demonstrated superior efficacy for

both glycemic control and weight loss in T2D, suggesting it may offer the highest pharmacological remission

rates for pre-diabetes to date
[37]

. Early SURMOUNT data show potential to induce normoglycemia in obesity

with pre-diabetes
[21]

. These findings, while promising, largely extrapolate from T2D and obesity trials. The

choice among these agents should be individualized, considering comorbidities, cost, and patient

preferences. Combination strategies are also emerging. A multicenter study from China demonstrated that

adding dapagliflozin to calorie restriction significantly improved remission rates and metabolic parameters

(body fat, blood pressure, lipids) compared to placebo with calorie restriction alone, with a good safety

profile
[38]

.

For individuals with pre-diabetes and severe obesity [body mass index (BMI) ≥ 35 kg/m
2
] who have not

achieved remission through intensive lifestyle or pharmacological interventions, metabolic surgery is the

most effective remission-inducing therapy. While much of the existing evidence is derived from established

T2D cohorts, recent data specifically involving individuals with pre-diabetes have demonstrated that

metabolic surgery significantly reduces the long-term risk of developing T2D and major adverse

cardiovascular events (MACE)
[ 3 9 ]

. Large registries show high remission rates for diabetes and its

comorbidities, often preceding maximal weight loss due to profound hormonal changes
[40]

. Long-term data

demonstrate sustained remission and significant reductions in cardiovascular mortality. Furthermore, its

application as a primary prevention strategy must be weighed against surgical risks, high procedural costs,

and challenges in patient access. However, real-world data, such as from the UK National Bariatric Surgery

Registry, indicate it is often offered too late in the disease course, reducing its potential impact
[41]

. This

highlights the need for timely referral as primary prevention in eligible individuals. A multidisciplinary team

approach is essential.

DEFINING THE GOAL AND CHARTING THE FUTURE: AN AGENDA FOR RESEARCH AND
IMPLEMENTATION
A major impediment to research and clinical integration is the lack of a consensus definition for pre-diabetes

remission. It is important to note that definitions of pre-diabetes vary globally, and a unified consensus -

similar to that achieved for T2D remission - is urgently needed. However, the definition has limitations in
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clinical practice. For instance, a real-world observational cohort study of 14,141 Italian T2D patients followed

for four years showed that remission rates varied significantly depending on the stringency of the definition,

with more relaxed criteria associated with higher remission rates and longer remission duration. Notably,

patients in the intermediate definition group showed more significant cardiovascular risk improvement,

suggesting the need to refine the traditional remission criteria
[42]

. A formal consensus statement from leading

professional societies is urgently needed, alongside definitive prospective trials. The paramount question is:

Does a strategy explicitly targeting sustained pre-diabetes remission reduce MACE? We advocate for: (1)

comparative trials of multi-modal “remission-induction” vs. standard care in high-risk pre-diabetes, with

co-primary endpoints of sustained remission and MACE; (2) omics and advanced imaging studies to define

remission's “molecular signature” and its effects on vascular inflammation; (3) development of scalable,

cost-effective care models ensuring equitable access across diverse populations; (4) research to identify

biomarkers predicting individual likelihood of achieving remission with specific interventions.

Implementation science must also address barriers to adoption in routine practice, including reimbursement

policies, clinician education, and patient engagement strategies.

CONCLUSION AND FUTURE DIRECTIONS
The pursuit of pre-diabetes remission signifies a paradigm shift from defensive risk delay to active disease

interception. The pathophysiological rationale is robust, therapeutic modalities are increasingly potent, and

indirect clinical evidence is powerfully suggestive. By decisively intervening to restore normal glucose

metabolism before irreversible vascular damage, we hold a critical opportunity to alter cardiovascular

trajectories globally. Moving forward, focus must expand from diagnosing pre-diabetes to staging metabolic

severity and implementing targeted remission strategies. Importantly, this approach complements - rather

than replaces - established cardiovascular risk management. For the community dedicated to mitigating

diabetic CVD, rigorously validating the remission paradigm may represent our most impactful path forward,

promising to reduce individual suffering and alleviate the economic burden of cardiovascular complications.

To enable scalability, digital health tools powered by artificial intelligence offer promise for sustaining

behavioral change. The era of passive observation must yield to active metabolic restoration.
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