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ABSTRACT

Prediabetes is a critical metabolic condition characterized by impaired glucose tolerance and insulin resistance,
predisposing individuals to type 2 diabetes mellitus (T2DM) and associated complications. Given the increasing
prevalence of prediabetes and obesity, effective dietary interventions are paramount in mitigating disease
progression. Plant-based diets, rich in fiber, antioxidants, and phytonutrients, have been associated with improved
insulin sensitivity and metabolic health. This review article evaluated the impact of a plant-based dietary
intervention on insulin sensitivity in overweight adults with prediabetes through an analysis of findings from a
randomized trial. Using a narrative review methodology, the article synthesized evidence from randomized
controlled trials and mechanistic studies to explore dietary-induced improvements in insulin action, compare plant-
based diets with conventional dietary recommendations, and assess barriers to adherence. Mechanistic pathways
underlying the benefits of plant-based nutrition include reductions in adiposity, modulation of gut microbiota,
enhancement of dietary fiber intake, and attenuation of chronic inflammation. Compared to traditional diets, plant-
based interventions demonstrate superior improvements in insulin sensitivity and glycemic control. However,
adherence challenges and nutritional adequacy concerns must be addressed through targeted educational and
behavioral strategies. Understanding the role of plant-based diets in diabetes prevention has significant implications
for clinical practice and public health initiatives aimed at promoting sustainable dietary modifications to enhance
metabolic health.
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INTRODUCTION
Prediabetes is a metabolic condition characterized by impaired glucose tolerance and insulin resistance, placing
individuals at an increased risk of developing type 2 diabetes mellitus (T2DM) and associated complications 1, 27].
Given the global rise in obesity and prediabetes prevalence, effective interventions are crucial to mitigating disease
progression. Lifestyle modifications, particularly dietary interventions, are fundamental in improving insulin
sensitivity and metabolic health. Among these, plant-based diets have garnered attention for their potential benefits
in glucose metabolism and insulin function [87. A plant-based diet emphasizes the consumption of whole grains,
legumes, fruits, vegetables, nuts, and seeds while minimizing or eliminating animal-derived products [4, 57. This
dietary approach is rich in fiber, antioxidants, and phytonutrients, which have been associated with improved
glycemic control, reduced inflammation, and enhanced insulin sensitivity [67]. Randomized controlled trials (RCTs)
investigating plant-based diets suggest that such interventions may significantly improve metabolic parameters in
overweight and obese individuals with insulin resistance. However, the mechanistic underpinnings and long-term
efficacy of plant-based diets in prediabetic populations require further exploration. This review examines the impact
of a plant-based dietary intervention on insulin sensitivity in overweight adults with prediabetes. By analyzing
findings from a randomized trial, the discussion will explore the physiological mechanisms underlying dietary-
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induced improvements in insulin action, the comparative effectiveness of plant-based diets versus conventional
dietary recommendations, and potential barriers to adherence. Understanding these factors will provide valuable
insights into the role of plant-based nutrition in diabetes prevention and metabolic health optimization.
The Role of Insulin Sensitivity in Prediabetes and Metabolic Health

Insulin sensitivity refers to the efficiency with which cells respond to insulin-mediated glucose uptake [7, 87. In
prediabetes, a decline in insulin sensitivity leads to compensatory hyperinsulinemia, progressive pancreatic beta-cell
dysfunction, and eventual onset of T2DM. Factors contributing to insulin resistance include excess adiposity,
chronic inflammation, ectopic fat deposition, and dysregulated lipid metabolism. The physiological benefits of
improving insulin sensitivity extend beyond glycemic control. Enhanced insulin action reduces the burden on
pancreatic beta-cells, mitigates systemic inflammation, and promotes favorable lipid profiles, thereby lowering
cardiovascular disease (CVD) risk. Strategies to improve insulin sensitivity include pharmacologic agents such as
metformin, physical activity, and dietary modifications. Among dietary strategies, plant-based nutrition has gained
prominence due to its potential to positively modulate insulin dynamics and metabolic health.

Mechanisms Underlying Plant-Based Diet-Induced Improvements in Insulin Sensitivity
Plant-based dietary interventions have been associated with multiple mechanisms that contribute to enhanced
insulin sensitivity [97]. These mechanisms include reduced adiposity, improved gut microbiota composition,
increased fiber intake, and anti-inflammatory effects. Each of these factors plays a critical role in optimizing
metabolic function and glucose homeostasis.

i Reduction in Adiposity and Visceral Fat: Excess adipose tissue, particularly visceral fat, is a primary
driver of insulin resistance [107]. Adipocytes in obese individuals exhibit hypertrophy and heightened
lipolysis, releasing free fatty acids (FFAs) that impair insulin signaling. Plant-based diets are naturally lower
in energy density and saturated fats while being rich in complex carbohydrates and fiber. These
characteristics promote weight loss, fat redistribution, and improved insulin sensitivity. Studies have
demonstrated that even modest weight reductions significantly enhance glucose uptake and insulin action
in skeletal muscle and hepatic tissues.

ii. Dietary Fiber and Glycemic Control: Plant-based diets are abundant in dietary fiber, particularly soluble
fiber found in legumes, fruits, and whole grains. Dietary fiber modulates postprandial glucose responses by
slowing gastric emptying, enhancing satiety, and improving gut hormone secretion. Additionally, fiber
fermentation in the colon produces short-chain fatty acids (SCFAs), such as butyrate and propionate, which
exert insulin-sensitizing effects by modulating glucose metabolism and reducing hepatic gluconeogenesis.

iii. Gut Microbiota and Insulin Sensitivity: The gut microbiota plays a pivotal role in metabolic regulation,
with emerging evidence linking dysbiosis to insulin resistance [11, 127. A plant-based diet fosters microbial
diversity and enriches beneficial bacterial strains such as Bifidobacterium and Akkermansia muciniphila.
These microbes contribute to improved gut barrier integrity, reduce endotoxemia, and enhanced insulin
signaling. Furthermore, SCFAs derived from fiber fermentation serve as energy substrates for colonocytes,
modulating inflammatory responses and systemic metabolic homeostasis.

iv. Anti-Inflammatory and Antioxidant Properties: Chronic low-grade inflammation is a hallmark of
insulin resistance, with pro-inflammatory cytokines such as tumor necrosis factor-alpha (TNF-a) and
interleukin-6 (IL-6) impairing insulin receptor signaling. Plant-based diets are rich in polyphenols,
flavonoids, and antioxidants that counteract oxidative stress and inflammation. Compounds such as
resveratrol, quercetin, and catechins have been shown to enhance insulin sensitivity by modulating
inflammatory pathways and improving endothelial function.

Comparative Effectiveness of Plant-Based Versus Conventional Diets in Insulin Sensitivity
Traditional dietary recommendations for prediabetes management often emphasize macronutrient distribution and
calorie restriction without necessarily prioritizing food quality [1, 187. Conventional diets may include lean meats,
dairy, and refined grains, which, although permissible, may not confer the same metabolic advantages as plant-based
interventions. Randomized trials comparing plant-based diets with conventional dietary approaches have reported
superior improvements in insulin sensitivity, HbA1c levels, and body composition in plant-based cohorts. Moreover,
plant-based diets reduce dietary glycotoxins and advanced glycation end-products (AGEs), which contribute to
oxidative stress and insulin resistance. Collectively, these findings suggest that plant-based dietary interventions
may offer a more effective and sustainable approach to prediabetes management.

Challenges and Barriers to Adherence
Despite the metabolic benefits of plant-based diets, several barriers may limit adherence among individuals with
prediabetes. Common challenges include dietary palatability, cultural food preferences, accessibility to plant-based
options, and concerns regarding protein adequacy [ 14, 15]. Addressing these barriers requires targeted nutritional
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education, meal planning strategies, and behavioral interventions to enhance long-term adherence. Furthermore,
some individuals may experience transient gastrointestinal discomfort due to increased fiber intake. Gradual dietary
modifications, along with adequate hydration and probiotic-rich foods, can mitigate these effects. Additionally,
ensuring adequate intake of key micronutrients such as vitamin B12, iron, and omega-3 fatty acids is essential for
optimizing nutritional status in plant-based dieters.
Implications for Clinical Practice and Public Health
The integration of plant-based nutrition into clinical practice has significant implications for diabetes prevention
and public health. Healthcare providers should consider incorporating dietary counseling into routine prediabetes
management, emphasizing the benefits of plant-based diets in enhancing insulin sensitivity. Moreover, policy
initiatives aimed at improving access to affordable plant-based foods and promoting dietary literacy may facilitate
widespread adoption of plant-based eating patterns [16, 17]. Large-scale interventions and community-based
programs that support dietary transitions can further amplify the impact of plant-based nutrition on metabolic
health. Additionally, future research should explore the long-term sustainability of plant-based dietary interventions
and their effects on broader cardiometabolic outcomes.
CONCLUSION
A plant-based dietary intervention represents a promising strategy for improving insulin sensitivity in overweight
adults with prediabetes. The mechanistic benefits of plant-based nutrition range from enhanced weight management
and gut microbiota modulation to reduced inflammation and oxidative stress underscore its potential as an effective
dietary approach for metabolic health optimization. Compared to conventional dietary recommendations, plant-
based diets demonstrate superior outcomes in glycemic control and insulin function. While challenges related to
adherence and nutritional adequacy exist, targeted interventions can enhance compliance and maximize the benefits
of plant-based eating. Healthcare professionals play a pivotal role in promoting plant-based dietary strategies as
part of comprehensive prediabetes management. Moving forward, continued research and public health efforts are
necessary to facilitate widespread implementation and sustainable dietary shifts toward plant-based nutrition. By
prioritizing evidence-based dietary interventions, we can mitigate the growing burden of prediabetes and reduce
the risk of progression to T2DM.
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