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This special issue on the effects of calorie restriction (CR) and intermittent fasting (IF) on health and diseases includes five scholarly reviews and four original articles that provide an insight into the molecular and cellular action mechanisms of epigenetically manipulated dietary paradigms.



CR and IF are well publicized methods for health promotion and disease prevention. An interesting aspect shared by both is that their efficacy is demonstrable without modification of any dietary ingredient. CR, also often called as restriction in dietary intake, provides dietary allocation (generally 10–50% of ad libitum feeding) to the experimental group [1]. Currently, gerontologists have acknowledged CR as the only well-founded anti-aging experimental model and the gold standard in investigating aging interventions. CR intervention delays biological aging and attenuates many age-related pathological processes, thus extending both average and maximal lifespan. Notably, CR is well-known to modulate adulthood diseases, such as atherosclerosis, diabetes, obesity, cancer, and other metabolically related disorders [2].



One unique feature of CR, first proposed as growth retardation in 1935 [3], is its well-known effect on various species, such as rats, mice, hamsters, dogs, yeast, fish, flies, monkeys, and humans [4]. Although many hypotheses for CR diverse actions have been proposed previously, at present, the precise underlying mechanisms remain to be proven. One attractive and plausible mechanism is its highly effective anti-oxidative action against oxidative stress-induced aging. The anti-aging effects of CR are likely attributable to its ability to prevent ubiquitous redox stress by maintaining a homeostatic cellular oxidative status and an antioxidative defense system that contributes to appropriate cellular signaling transductions and proper gene transcription activity [5]. One of the oxidative stress-related physiological processes is the activation of inflammation. The key pro-inflammatory molecules, IL-1β, IL-6, TNFα, iNOS, and COX-2 are all alleviated by CR during aging [6]. CR implementation leads to epigenetic alterations, such as histone modifications and methylation of promoter CpG islands, resulting in epigenetically modified markers in histones and chromatin. This established a molecular mechanism for gene transcription and expression regulation [7,8]. In this regard, lymphocyte-specific protein tyrosine kinase as a new target molecule of the CR modulatory effect was found by integrative analysis using cDNA microarray and interactome [9].



Recent progress in Omics technologies has contributed to technical improvement that allows analysis at the level of the RNA, DNA, protein, and other cellular molecules and their intricate associations during aging. Therefore, it is now feasible to both resolve and coordinate complex biological processes during aging using recent methods, such as next-generation sequencing, proteomics, lipidomics, metabolomics, and epigenomics techniques. Systems biology and Omics integration can predict CR effects, cellular signaling pathways, and action mechanisms. These technical advances made in recent years provide a much-needed database on the regulation of inflammatory process. An expanded view of the inflammatory response in aging progression dubbed as “senoinflammation,” which describes both chronic inflammation and metabolic dysregulation, was suggested in our previous work [10]. Based on previous studies, we observed that the senescence-associated secretory phenotype (SASP) comprises cytokines and chemokines, and these were notably upregulated during aging. This senoinflammatory response was reversed and downregulated by CR [11]. Moreover, metabolic signaling pathways at the cell level were also dysregulated in aging progression, and CR mimetics could reverse such effects. According to CR and Omics big data analysis, cytokines and chemokine pathways are upregulated during aging and modulated by CR [12]. CR is widely accepted as a positive and reasonable control for anti-aging intervention, which recovers disturbed metabolic pathways and decreases the pro-inflammatory SASP [11].



IF is a dietary pattern alternating between fasting and non-fasting periods. Specifically, the IF diet in a particular mouse strain extended both mean and maximal lifespans [13]. For example, loss of body weight and extension of maximal lifespan were observed in 2-, 6-, and 10-month-old C57BL/6J mice with IF implementation [14]. Furthermore, IF lowered the occurrence of diabetes and levels of fasting glucose and insulin [15]. These effects of IF are similar to those observed with CR. The beneficial results of IF on different cancers are also explained by many research groups [16]. The observations in animals indicate that, owing to dietary intake reduction, IF could effectively regulate the number of risk factors and thereby prevent chronic diseases. Such modulatory effects of IF are similar to those of CR. Although the effectiveness of IF has been reported primarily based on in vivo models, implementation of IF in humans has been proposed to prevent major risk factors for age-associated diseases [17]. Systems gerontology (i.e., the study on the overall mechanisms of complex aging progression as an integrated network of systemic interacting molecular pathways, organs, and components during aging) based on Omics technology and systems biology should facilitate unraveling of mechanisms underlying the anti-aging actions of CR and IF as well as their similarities and dissimilarities for better dietary strategies.



The growth hormone (GF)/insulin-like growth factor-1 (IGF-1) axis is an evolutionary well-conserved signaling axis, and the mechanisms underlying its effects on aging and longevity are modulated by CR in mammals [18]. Recently, Shimokawa’s group confirmed that neuropeptide Y (Npy) and FoxO1, which are targets of CR, play various roles in aging and age-associated diseases depending on the nutritional intake [19]. The longevity effects of CR and suppression of IGF-1 signaling pathway are sexually heterogeneous. The beneficial effects of Npy during CR and the diverse roles for Npy in life stages are also described. These genes that mediate the effects of CR and control the aging process depend on nutritional states [19]. As described in a review by Higami’s group, the mitochondrial biogenesis, following CR implementation, in white adipose tissue is regulated by peroxisome proliferator-activated receptor γ coactivator-1α (PGC-1α), a transcription cofactor regulated by sterol regulatory element-binding protein 1c (SREBP-1c), which is the principal regulator of fatty acid biosynthesis [20]. This research group has also suggested that CR mediates the increase in SREBP-1 and PGC-1α, which could occur because of downregulation of the leptin signaling axis and upregulation of fibroblast growth factor 21 (FGF21) expression in white adipose tissue [21].



Another cellular activity recently that was revealed as one of the major players in CR action is the involvement of autophagy. Autophagy is an important cellular management process that maintains an optimal cellular homeostatic condition under normal physiological and abnormal pathological states. Recent developments in CR research have proposed that the initiation of autophagy is associated with beneficial anti-aging response. CR-promoted autophagy plays a critical role under physiological states by sustaining proper homeostasis in the organism. In addition, autophagy induced by CR plays a protective role in different organs and tissues under many pathological and aging-associated conditions [22]. While CR is the most beneficial intervention to prolong lifespan and prevent aging-related diseases, its positive effects on skin aging and diseases are not yet fully understood. CR promotes anti-inflammatory and anti-oxidative responses, stem cell maintenance, and metabolic activities, and such effects contribute to the positive effects on skin aging [23]. Furthermore, widely known CR mimetics, for example, resveratrol, metformin, rapamycin, and peroxisome proliferator-activated receptor agonists, exhibit CR-like effects to inhibit or delay skin aging [23].



Fasting is known to account for physiological changes in the endocrine organs, particularly the pancreas. The study on every other day IF implementation for up to 3 months in a developing and matured healthy organism suggested that this regimen promotes β-cell dysfunction and muscle mass loss and increases fat reserves, especially in developing 30-day-old Wistar rats. More long-term studies are needed to explain the most effective IF regimen to minimize side effects [24]. In recent years, fasting-like intervention methods, such as IF and time-restricted feeding, have appeared as alternatives to CR. Lifespan responses in both CR and IF also differ significantly between males and females [25,26], leading to additional complications in explaining the molecular mechanisms of CR. A simple explanation of these in vivo studies is that a particular regimen of CR and IF may not be effective; however, they may be rather harmful possibly owing to genetic variations and sex [27]. Therefore, for implementation and practice of CR and IF in humans, it is suggested that personalized genomics and medicine should first be set in place to make the most of CR and IF [28].



In summary, we believe that this special issue provides useful information on the current research trends regarding the beneficial effects of CR and IF on longevity and health of humans. Further exploration of the effect of CR and IF on aging and age-related diseases will provide deeper insights into the interrelationships between health and diseases and enable beneficial interventions in aging mechanisms, thus aiding the development of new therapeutic approaches to improve health, diseases, and longevity.
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