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Editorial on the Research Topic 


Ketone bodies: friend or foe?


The therapeutic utilization of ketone bodies (KBs), induced through ketogenic diets (KDs)—high-fat, very low-carbohydrate regimens—has a history spanning over seven decades. This dietary approach has proven beneficial for individuals suffering from intractable epilepsy, Parkinson’s disease, diabetes, and cancer, owing to the significant enhancements in KB levels KDs facilitate. Ketone bodies, including acetoacetate, beta-hydroxybutyrate, and acetate, play a crucial role during states of starvation, low insulin signaling, and increased availability of fatty acids, thereby emerging as central to various therapeutic strategies. Despite their broad application, KDs association with increased health span and life span in mice (1, 2), anti-inflammatory effects on the gut (3), and the ongoing efforts to expand their use, especially in cardiology, recent studies have raised concerns about the potential off-target effects of KBs. Notably, preclinical animal model evidence points towards a diametrical impact of KBs on cardiac health (4–8), and their FA composition might also be crucial in a preclinical model of psoriasis (9). However, when carefully formulated, KDs have been evaluated as safe in children to manage epilepsy concerning cardiac parameters (10, 11). Similarly, another human KD study showed favorable outcomes for cardiovascular diseases (12), suggesting that the high ketogenic ratios and the limited variety in fat intake used in rodent preclinical models might not directly translate to human applications and a nuanced perspective is essential. This is in line with a meta-study indicating increased mortality when carbohydrates are replaced with animal-derived fats and proteins (13) underscoring the importance of careful consideration of the KD’s fat composition and duration, balancing the potential benefits against possible long-term health risks. Within this Research Topic, we collected one review article and 4 original research articles to set a starting point for future Research Topics.

In the concise review by Andersen et al., the authors elucidate the significant impact of dietary interventions, such as fasting and KD, on health, emphasizing the pivotal role of KBs—particularly beta-hydroxybutyrate (BHB)—in the regulation of stem cell biology. Beta-hydroxybutyrate is characterized not solely as an energy substrate during periods of fasting or adherence to low-carbohydrate diets but also as a critical signaling molecule that influences key stem cell functions, including quiescence, differentiation, and subsequent tissue regeneration. The review details how the response to KBs varies among different stem cell types, with muscle satellite cells entering a state of pronounced quiescence that limits regeneration, while intestinal stem cells see a delay in differentiation that promotes tissue regeneration due to KB supplementation.

Buchholz et al. present a pioneering phase I/II randomized clinical trial on the feasibility and efficacy of the Modified Atkins Diet (a less stringent form of KD) in managing mild cognitive impairment and early Alzheimer’s Disease. Their findings suggest that even trace amounts of ketones could enhance memory and vitality, marking a significant stride toward understanding dietary interventions in neurodegenerative conditions.

Dickens et al.’s study on adults with super-refractory status epilepticus undergoing a KD reveals intriguing correlations between increased KB production, alterations in lipid and inflammatory profiles, and clinical outcomes. This study not only adds to the growing body of evidence supporting KD’s benefits beyond epilepsy treatment but also opens new avenues for understanding the diet’s impact on inflammation and lipid metabolism.

Xie et al. delve into the complexities of hyperinsulinemia’s effects on the metabolic switch to KB utilization in proximal renal tubular epithelial cells, offering invaluable insights into potential therapeutic targets for renal protection under energy-deprived conditions. Their work highlights the delicate interplay between metabolic pathways in the face of hyperinsulinemia and starvation, pointing to the SIRT3/SMCT1 pathway as a critical regulator of KB absorption and utilization.

Finally, Diao et al.’s comprehensive analysis of diabetic kidney disease (DKD) underscores the pivotal role of KB metabolism in the disease’s progression. By identifying novel molecular signatures, their research paves the way for targeted therapeutic strategies that could mitigate DKD’s advancement, offering hope for those grappling with this condition.

As we conclude this editorial, it is clear that the contributions within this Research Topic not only illuminate the diverse roles of KB in health and disease but also underscore the burgeoning potential of KDs and KB supplementation in therapeutic settings. From regenerative medicine to neurodegenerative diseases, epilepsy, and beyond, the Research Topic navigates the complex landscape of KBs, offering fresh perspectives and beckoning further exploration into their therapeutic implications. This Research Topic serves as a beacon for future research, guiding us toward a more nuanced understanding of KBs and their place in medicine.
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