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β-nicotinamide mononucleotide (NMN) is a naturally occurring biologically active nucleotide widely present in organisms and an inherent substance in the human body. As a critical intermediate in synthesizing coenzyme I (NAD+), it widely participates in multiple biochemical reactions in the human body and is closely related to immunity, metabolism, and other factors. In recent years, NMN has rapidly developed and made significant progress in medicine, food, and healthcare. However, there is currently a lack of comprehensive reports on the research progress of NMN, as well as exploration and analysis of the current research achievements and progress of NMN. Therefore, this review is based on retrieving relevant research on NMN from multiple databases at home and abroad, with the retrieval time from database establishment to 20 May 2024. Subsequently, literature search, reading, key information extraction, organization, and summarization were conducted with the aim of providing a comprehensive and in-depth analysis of the characteristics, metabolic pathways, pharmacological effects, progress in human clinical trials, and wide applications of NMN in drug development and food applications. Furthermore, it offers personal insights into NMN’s potential future developments and advancements to present the current development state and existing challenges comprehensively. Ultimately, this review aims to provide guidance and serve as a reference for the future application, innovation, and progression of NMN research.
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1 INTRODUCTION
Surgery, chemotherapy and radiotherapy constitute the main treatment methods against tumors (Akbari et al., 2020; Zhang et al., 2023). However, radiotherapy and chemotherapy may also bring some side effects during the treatment. Chemotherapy may affect multiple organ systems in the human body, such as digestive, blood, immune and respiratory systems (Rohrhoff et al., 2014). Since chemotherapy drugs are cytotoxic, they can damage normal cells in addition to cancer cells, which can result in undesirable adverse reactions. In addition, the radiation generated during radiotherapy may also damage normal tissues, exacerbating the risk of side effects. Common adverse reactions of radiotherapy include skin damage, nausea and vomiting, fatigue, bone marrow suppression, gastrointestinal reactions, etc (Klausner et al., 2021).
β-Nicotinamide mononucleotide (β-NMN, the following will unify the β-NMN as NMN) is a natural active nucleotide. As a critical precursor for the production of coenzyme I (Nicotinamide adenine dinucleotide, NAD+), it is ubiquitous in various organisms (Jiang et al., 2022). Recently, researchers have revealed the potential of NMN in alleviating the side effects of radiotherapy and chemotherapy. It can promote the energy metabolism process, strengthen the self-repair and renewal function of cells, and further reduce the damage of radiotherapy and chemotherapy to normal cells by improving the content of NAD+ in cells (Sun et al., 2019; Zhao et al., 2022). Besides, NMN also has antioxidant and anti-inflammatory functions, which can help relieve oxidative stress and inflammatory responses triggered by radiotherapy and chemotherapy and further reduce the severity of side effects (Duan et al., 2023; Song et al., 2023). However, although NMN has many effects, there is no systematic literature to report and analyze it. Hence, this article conducts a comprehensive search across multiple databases to gather relevant research reports on NMN, encompassing various fields such as pharmacokinetics, pharmacodynamics, pharmacology, clinical trials, and the intersecting realms of drugs and food. The core information from this literature is distilled to elucidate NMN’s characteristics, metabolism, pharmacological effects, applications in food and drug industries, and its progression in human clinical trials. The objective is to foster a deeper understanding of the research advancements in diverse NMN fields and present some personal perspectives on its future potential.
2 METHODS
In order to comprehensively and systematically evaluate and review the unique characteristics, metabolic properties, pharmacological effects, human clinical trials, and various applications of NMN, this study adopted a rigorous and systematic literature search, query, and data extraction strategy. The specific method is as follows: Firstly, determine the search keywords: Based on the theme of this study, core search keywords including “β-nicotinamide mononucleotide”, “nicotinamide mononucleotide”, “NMN”, “NAD+“, “pharmacodynamics”, “pharmacology”, “metabolic characteristics”, “Chinses medicine”, “food” and “human clinical trials”. Secondly, selecting databases and resources: This study selected multiple authoritative academic databases and literature search platforms at home and abroad, such as Web of Science, PubMed, Embase, Clinical Trials Website, China National Knowledge Infrastructure (CNKI), Chinses Wanfang and Chinses VIP databases, etc. The language of the literature is English or Chinese. The retrieval covers the period from the establishment of the database to 20 May 2024. In addition, the types of literature include reviews, meta-analysis, original articles, conference papers, patents, dissertations, etc. Subsequently, text reading and data extraction: Read the titles and abstracts of the preliminarily screened literature to further confirm whether they fulfill the inclusion criteria. During the confirmation process, detailed information such as the author, publication year, research purpose, methods, results, and conclusions of each literature were recorded. Finally, data integration and analysis: After completing data extraction, integrate and analyze the collected information. Based on the different characteristics and application fields of NMN, classify and summarize relevant information to form a systematic review framework. Meanwhile, conduct a comprehensive analysis of key research findings. Furthermore, we have repeatedly verified and revised the preliminary conclusions to ensure the accuracy and comprehensiveness of the review content.
This study aims to comprehensively and objectively evaluate and summarize the unique characteristics, metabolic properties, pharmacological effects, human clinical research, and diverse applications of NMN. Through the literature search, query, and data extraction methods outlined in the above system, it provides valuable reference information for researchers and clinical practitioners in related fields.
3 OVERVIEW OF NMN
3.1 Physicochemical properties of NMN
NMN is one of the isomers of nicotinamide mononucleotide. Nicotinamide mononucleotide includes two isomers, α and β, but only β is an active isomer, as shown in Figure 1. The chemical molecular formula of NMN is C11H15N2O8P, and the molecular structure consists of three parts: nicotinamide base, ribose sugar and a phosphate group (Ou et al., 2024). In appearance, NMN is a crystalline powder from white to slightly yellow, with no significant odour, and should be stored in a dry environment at a temperature of −20°C under dark conditions. It has a melting point of about 166°C and a boiling point of °C at a pressure of 760 mmHg. NMN can be rapidly dissolved in water, but its solubility in acetone is extremely low. Its pH value is usually between 3.0 and 4.0. As a natural active nucleotide, NMN is an inherent substance in the human body and is widely distributed in certain fruits and vegetables (Alegre and Pastore, 2023).
[image: Figure 1]FIGURE 1 | Molecular structure of NMN.
3.2 Metabolic characteristics of NMN
NMN is a metabolic intermediate of the coenzyme NAD+ in the body. NAD+, as an essential coenzyme in the human body, participates in thousands of reactions within cells. However, with age and other factors, the level of NAD+ in the human body will gradually decrease, which may lead to a series of health problems. The human body mainly supplements 85% of NAD + through the Salvage synthesis pathway, and the Denovo and Preiss Handler pathways are also in vivo synthesis pathways for NMN (Chini et al., 2017; Li et al., 2022). In the Preiss Handler pathway, niacin (NA) is catalytically converted to nicotinic acid mononucleotide (NAMN). In the Denovo pathway, tryptophan (Trp) is converted to quinoline acid (QA), followed by the generation of NAMN. These two paths intersect at the nicotinic acid mononucleotide (NAMN) point, ultimately transforming into nicotinamide adenine dinucleotide (NAAD) and NAD+. In this way, organisms ensure a stable supply of NAD + to support their various important physiological functions through different synthetic pathways. The generation and metabolic pathways of NMN and NAD+ in the human body are shown in Figure 2.
[image: Figure 2]FIGURE 2 | Formation and metabolism of NMN in human body. NAD + levels are maintained by three independent pathways. First, the Preiss-Handler pathway uses dietary nicotinic acid and the enzyme nicotinic acid phospho ribosyltransferase (NAPRT) to generate NAMN, which is then transformed into NAAD by NAMN trans ferase (NMNAT). Three forms of this enzyme (NMNAT1, -2, and -3) have distinct subcellular localizations. The process is completed by the transformation of NAAD into NAD + by NAD + synthase (NADS). Second, the de novo synthesis pathway of NAD from tryptophan occurs through the kinurenine pathway (5). The first step in this pathway is the rate-limiting conversion of tryptophan to N-formylkinurenine (N-formylkin) by either IDO or TDO. Formylkinurenine is transformed into L-kinurenine (L-kin), 3-hydroxykinurenine, and 3-hydroxyanthranilic acid (3-HAA) and finally to ACMS. This compound can spontaneously condense and rearrange into quinolinic acid, which is transformed into NAMN, at which point it converges with the Preiss-Handler pathway. ACMS can also be decarboxylated into AMS by ACMS decarboxylase (ACMSD), leading to its oxidation into acetyl-CoA via the TCA cycle. Third, the NAD + salvage pathway recycles the nicotinamide generated as a by-product of the enzymatic activities of NAD + -consuming enzymes: sirtuins, PARPs, and the cADPR synthases (CD38 and CD157). Initially, NAMPT recycles nicotinamide into NMN, which is then converted into NAD + via the different NMNATs. Notes: Verdin, E., 2015. NAD⁺ in aging, metabolism, and neurodegeneration. Science. 350: 1,208–1,213. Reprinted with permission from references. Copyright 2021, AAAS.
4 PHARMACOLOGICAL EFFECTS OF NMN
4.1 Anti-aging action
Aging is a natural process, and with the consumption of NAD+, the energy of organ mitochondria decreases (Nadeeshani et al., 2021). NAD+ is crucial for cellular energy metabolism and repair, and its reduction can impair mitochondrial function and accelerate aging. Aging is characterized by decreased mitochondrial function, DNA damage, cognitive decline, osteoporosis, immune deficiency, etc. Supplementing with NAD + can alleviate these symptoms (Wang and Guo, 2015). Research has shown that NAD + precursors (NMN and NR) can maintain the number of melanocyte stem cells, enhance function, prolong mouse lifespan, and open up new directions for anti-aging science (Zhang et al., 2016). NAD+ and its precursors show potential in extending lifespan. The reasons for the decrease in NAD + levels during the aging process and the anti-aging mechanism of NMN are shown in Figure 3.
[image: Figure 3]FIGURE 3 | Causes for reducing NAD + levels when aging and mechanism underlying anti-aging activity of NMN. Notes: Nadeeshani, H, Li, J, Ying, T., Zhang, B, and Lu, J, 2021. Nicotinamide mononucleotide (NMN) as an anti-aging health product - promises and safety concerns. J Adv Res. 37: 267–278. Reprinted with permission from references. Copyright 2021, ELSEVIER.
However, there are also some potential limitations and conflicting results in the anti-aging research of NMN. Firstly, NMN products produced by different brands and research institutions may have differences in purity and content, leading to inconsistencies in research results. Secondly, there is no unified standard for the dosage and usage of NMN, and there may be differences in dosage and usage in different studies, which can affect the research results. Besides, the long-term safety and efficacy of NMN still needs further research and validation, especially regarding potential adverse reactions and drug interactions that may occur when used at high doses. More importantly, aging is a complex process that involves changes in multiple physiological systems, and a single substance (such as NMN) can not comprehensively solve all problems. Therefore, combining other methods, such as a healthy diet, moderate exercise, and good lifestyle habits, is necessary to enhance the body’s anti-aging ability.
4.2 Improving glucose and lipid metabolism
Currently, type 2 diabetes has generally become a metabolic health problem around the world. One of its hallmark features is insulin resistance caused by increased oxidative stress, inflammation, and lipid metabolism disorders. When pancreatic β-cell dysfunction or inability to secrete sufficient insulin, it will cause insulin deficiency and eventually lead to type II diabetes (Brown et al., 2021). Pancreatic β cells are susceptible to the decrease of NAD + concentration. Once the level of NAD + decreases, it may interfere with the metabolic activity of these cells, resulting in a reduction of insulin production, which in turn increases the possibility of diabetes (Oleson et al., 2019). Studies have shown that NMN supplementation can promote insulin release from pancreatic β cells and increase the responsiveness of peripheral tissues to insulin, effectively improve diabetes caused by age and poor eating habits, and glucose tolerance and insulin sensitivity observed in elderly mice, opening up a new method for the treatment and management of diabetes (Mills et al., 2016; Sayers et al., 2020). At the same time, NMN can also regulate the metabolism of adipose tissue, promote lipolysis and its oxidation process, reduce body fat accumulation, and alleviate fat antagonism to insulin (Nahle et al., 2021). Additionally, long-term intake of NMN can increase the concentration of NAD+ in the body, which helps to improve the energy metabolism efficiency of mitochondria, thereby enhancing the body’s energy consumption ability, reducing fat accumulation, and improving the overall metabolic rate, ultimately helping to maintain a healthy weight (Stromsdorfer et al., 2016; Turner et al., 2021).
4.3 Improving neurological diseases
Amyloid β protein (Aβ) plays a central role in the pathogenesis of Alzheimer’s Disease (AD) and is widely considered to be the main neurotoxic substance leading to AD (Scheltens et al., 2021). The abnormal accumulation of these oligomers in the brain can lead to neuronal dysfunction and cell death, which can lead to the typical symptoms of AD, such as memory loss, cognitive impairment and so on. Some scholars have found that NMN can restore the cognition of AD model rats and is produced by increasing neuronal survival, improving energy metabolism and reducing ROS accumulation, thereby improving the cognition and memory function of AD rats caused by Aβ1-42 oligomers and restoring NAD+ and ATP levels (Wang et al., 2016). Besides, some researchers have found that NMN can effectively inhibit the production of Aβ in AD mice, reduce a load of amyloid plaques in the nervous system, synaptic damage and inflammatory response, and then improve the behavioural and cognitive impairment of AD mice (Yao et al., 2017). The above studies also show that NMN has great potential in treating AD.
Parkinson’s disease (PD) is a chronic neurological disease characterized by the degeneration and death of dopaminergic neurons in the substantia nigra, leading to motor dysfunction (Morris et al., 2024). The production of dopamine within the substantia nigra necessitates the involvement of NAD+. Consequently, any decrease in the level of NAD + will inevitably impact its synthesis process. However, studies have found that the expression of nicotinamide nucleotide adenylyltransferase (NMNAT) is decreased in the brain tissue of PD patients, and NMNAT is a key enzyme involved in NAD + biosynthesis (Challa et al., 2021; Schöndorf et al., 2018). Therefore, how to promote the synthesis of dopamine in the substantia nigra of PD requires more support from NAD+ and NMNAT to help alleviate PD. Some scholars have found that NMN can reduce apoptosis and improve energy metabolism in PD cell models, thereby restoring the intracellular levels of NAD+ and ATP in cells (Lu et al., 2014). In addition, some researchers also found that NMNAT and NAD+ were significantly weakened in PD cells. However, after NMN supplementation, not only did malondialdehyde and lactate dehydrogenase decrease in PD cells but NMNAT and NAD + also increased considerably. Furthermore, the activity of silent information regulator 1 (SIRT1) was increased, indicating that NMN treatment-activated SIRT1 may represent a new treatment strategy for PD (Zou et al., 2016).
Although NMN is believed to improve neurological function by increasing NAD + levels, its specific mechanism of action is not yet fully understood. This limits the in-depth understanding and optimization of its application in neurological diseases. Meanwhile, there are differences in the reported effectiveness of NMN in neurological diseases among different studies. Some studies suggest that NMN can significantly improve neurological function, while others may draw opposite or neutral conclusions. We believe this difference may be related to factors such as study design, sample size, and disease types. The scope of indications for NMN in neurological diseases is currently unclear. Different studies may focus on various neurological disorders, making comparing and integrating the results difficult.
4.4 The role of anti-vascular disorders
Vascular dysfunction refers to the functional lesions of blood vessels and nerves caused by various reasons in addition to organ damage. Blood mainly includes cardiovascular disease, cerebrovascular disease and peripheral vascular disease. Studies have shown that vascular disorders are primarily due to the imbalance between the oxidation and antioxidant systems after aging, and the accumulation of superoxide in blood vessels causes oxidative damage to the body (Conran et al., 2018; Picciotto et al., 2016. found that NMN supplementation can alleviate vascular oxidative stress and improve arteriosclerosis and functional impairment; moreover, NMN reduces vascular collagen, increases arterial elastin, reduces arteriosclerosis, and delays arterial aging; this demonstrates the potential role of NMN in protecting vascular health (Picciotto et al., 2016; Tarantini et al., 2019). Besides, NAD + plays an important role in many aspects of cardiac energy metabolism, redox reaction and cell signal transduction. When the level of NAD + decreases, the energy metabolism in cardiac cells may be affected, resulting in insufficient energy supply to cardiomyocytes (Patgiri et al., 2020) and in a mouse model of cardiomyopathy, intraperitoneal injection of NMN significantly increased NAD + levels in cardiac mitochondria and activated NAD + -dependent enzyme SIRT3, thereby improving heart and energy metabolism and promoting cardiac function recovery (Martin et al., 2017). Furthermore, NMN also has an improved effect on cerebral hemorrhage (Keep et al., 2012). Cerebral hemorrhage is another neurological disease, of which about 10%–15% of patients will further develop into a stroked state due to cerebral hemorrhage. Some scholars have found that NMN treatment significantly reduced brain edema, brain cell death, oxidative stress, neuroinflammation, microglia activation and neutrophil infiltration in the intracerebral hemorrhage area after NMN treatment in intracerebral hemorrhage model mice and successfully improved the symptoms of intracerebral hemorrhage (Wei et al., 2017).
4.5 Therapeutic effect of visual degenerative diseases
The causes of visual impairment are numerous and complex; however, the cell death of photoreceptors is a common fate that leads to various visual loss and even blindness diseases. Lin et al. found that the mouse model of retinal dysfunction showed early NAD + deficiency, which affected the tricarboxylic acid cycle, glycolysis and SIRT3 activity; the deficiency of NAD + leads to metabolic dysfunction and inability to cope with metabolic stress, leading to photoreceptor death and retinal degeneration (Lin et al., 2016). It can restore mice’s glycolysis, mitochondrial function and metabolic stress adaptability by supplementing NMN, thereby reducing photoreceptor cell death and significantly improving vision. These findings support NMN as a potential means of treating retinal degenerative diseases and provide a unified therapeutic target and effective therapeutic approach for ophthalmic diseases.
4.6 Acute kidney injury and acute lung injury
Acute kidney injury and acute lung injury are frequently encountered serious medical conditions. The incidence of acute kidney injury and acute lung injury is related to many factors, but the mortality of both is high. With the increase of age, the levels of SIRT1 and NAD+ in organisms will gradually decrease; significantly, the decrease of SIRT1 and NAD+ in the kidneys of elderly organisms will lead to an increase in the incidence of acute kidney injury. In a model of cisplatin-induced acute kidney injury in mice, it was found that the protective group of mice could resist cisplatin-induced acute kidney injury by supplementing NMN in advance. Endogenous NAD+ was considered a potential therapeutic target for acute kidney injury in older patients, and NMN supplementation was an excellent therapeutic strategy (Guan et al., 2017). In addition, studies have found that NMN has a protective effect on sepsis-induced lung injury in mice. In the lung tissue of mice with lung injury induced by early use of NMN, the myeloperoxidase (MPO) was significantly reduced. The levels of NAD+ and ATP were significantly increased, and the expression of SIRT1 was upregulated. The acetylation and phosphorylation of NF-κB-p65 were inhibited, thereby protecting the NMN group mice from sepsis-induced lung injury (He et al., 2024). The team believes that NMN promotes macrophage polarization through the SIRT1/NF-κB pathway to prevent sepsis-induced acute lung injury, which may be an effective strategy for preventing or treating sepsis-induced acute lung injury.
4.7 Protection against blood failure
Hematopoietic stem cell (HSC) is a special cell existing in bone marrow, which has the ability to self-renew and differentiate into various types of blood cells, such as red blood cells, white blood cells and platelets. In recent years, studies have shown that increased oxidative phosphorylation reflected by increased mitochondrial activity, coupled with impaired mitochondrial stress response, can seriously damage HSC regeneration (Hu et al., 2023). In an animal experiment to explore NAD + -stimulated hematopoiesis, it was found that supplementation of NAD + enhancer (NMN) could increase mitochondrial clearance in hematopoietic-impaired mice, thereby reducing mitochondrial activity in HSC, leading to increased asymmetric division of HSC and promoting the recovery of hematopoietic function (Vannini et al., 2018). In addition, some scholars have found that the number of white blood cells and bone marrow nucleated cells in peripheral blood of mice increased significantly after NAD+ was given to mice after radiation injury, and the apoptosis of bone marrow cells decreased, and the immunity of mice after radiation was improved (Tan et al., 2010). Therefore, supplementing with NMN to promote the recovery of hematopoietic function and resist various causes of blood failure may be a new treatment strategy.
5 HUMAN CLINICAL TRIALS OF NMN
Currently, several human clinical trials on NMN have been carried out at home and abroad. The supplemental dose of NMN is 100–1,250 mg/d, and there are no adverse reactions, indicating that it has good human tolerance and high safety. A majority of human clinical trials involving NMN have been conducted between 2020 and 2024, encompassing treatment durations ranging from a minimum of 3 weeks to a maximum of 12 weeks. These trials span numerous countries, including the United States, Japan, China, and India (Fukamizu et al., 2022; Gao et al., 2023; Igarashi et al., 2022; Irie et al., 2020; Kuerec et al., 2024; Liao et al., 2021; Yamaguchi et al., 2024; Yi et al., 2023; Yoshino et al., 2021). In addition, the subjects were mainly middle-aged healthy men and women, but there were also some other subjects and patients, such as athletes, overweight or obese postmenopausal pre-diabetic women and insomnia patients. In the following clinical studies, the levels of NAD+ in the blood of subjects and patients significantly increased after oral administration of NMN, and NMN dose dependence was shown. Moreover, according to the different contents of each NMN clinical trial project, other data also changed significantly, including a significant increase in skeletal muscle insulin signal (Akt and mTOR phosphorylation) in overweight or obese postmenopausal women with prediabetes, and lactate dehydrogenase, dimethylpyridine and tetramethylpyridine, 6-min walking test distance, and SF-36 scores in adult healthy men and women. Significantly improved, but their albumin-to-globulin ratio and fasting blood glucose were significantly reduced. For elderly healthy men, there is also a significant improvement in their left-hand grip strength and gait speed; the first and second anaerobic thresholds, maximum oxygen uptake, oxygen pulse, and running economy of athletes have significantly increased; however, a multicenter controlled clinical trial on the treatment of chronic insomnia after oral NMN has not yielded detailed research results, which require further observation (trial registration: China Clinical Trial Registration Center (chictr. org. cn) ChiCTR220058001) (Gao et al., 2023).
However, in human trials, the effect of NMN is not as significant and effective as in animal experiments. For instance, in animal experiments, especially studies on aging or obese mice, NMN is proven to significantly increase the level of NAD+ in skeletal muscle, thus improving mice’s body weight and glucose and lipid metabolism. When this intervention was transferred to human trials, similar significant effects did not occur. This difference suggests that the human body may have a more powerful NAD + regulatory mechanism to maintain its homeostasis; this mechanism enables the NAD + levels in many tissues and organs to remain within a relatively constant range; therefore, even with exogenous supplementation of NAD + precursors such as NMN, the NAD + homeostasis in the human body will not be easily altered (Chen et al., 2023; Khaidizar et al., 2021). In addition, the dosage of NMN in clinical trials needs to be considered. For example, the dosages (including 100 mg/d, 250 mg/d, or 300 mg/d) are likely too low for the human body to produce the significant effects observed in animal experiments. Furthermore, combined with the individual and physiological differences between human and animals, this further explains why the effect of NMN in human experiments is not as significant as in animal experiments. Therefore, in future human studies, it may be necessary to consider using higher doses to explore the impact of NMN on human NAD + levels and related metabolic indicators. In recent years, the main results of human clinical trials on NMN are summarized in Table 1.
TABLE 1 | Summary of human clinical trials of NMN.
[image: Table 1]At present, research on NMN mainly focuses on animal models and in vitro experiments, which provide us with a preliminary understanding of the possible biological effects and mechanisms of action of NMN. However, generalizing these findings to humans still faces challenges as human physiological and pathological processes differ from those in experimental animals, affecting the clinical application of NMN. Therefore, we need more high-quality clinical studies to validate the efficacy and safety of NMN in humans. In addition, we have found that many human clinical trials related to NMN currently encounter problems such as small sample sizes, subject selection bias, short follow-up periods, and inconsistent research results. Therefore, we believe that researchers can seek possible solutions in the future through the following points: First, strengthening cooperation, establishing multi-center, cross-border cooperation networks, uniting medical and research institutions, and expanding recruitment scope to increase sample size. This helps to improve sample diversity and research efficiency. Secondly, data sharing: promoting data sharing among research institutions, utilizing large databases to validate NMN research results, and enhancing statistical capabilities and generalizability of conclusions. Subsequently, innovative recruitment and incentive measures were implemented: raising public awareness through social media, patient organizations, etc., designing economic compensation and other incentive measures to increase participation willingness. Afterwards, standardized research methods will be established: adopt internationally recognized research methods and standards to improve the reproducibility and comparability of experiments. Again, extending follow-up time: When designing the study, consider long-term observation, optimize follow-up strategies, and ensure complete and accurate data. Finally, interdisciplinary collaboration: promoting collaboration among multiple disciplines such as biology, medicine, and pharmacy to jointly advance clinical research on NMN and accelerate its clinical application process.
6 APPLICATIONS OF NMN
6.1 Application of NMN in medicine
Given the various potential biological activities of NMN, the current medical field has shown great interest in developing drugs with NMN as the key active ingredient, which has become an important research direction and hotspot. Various compositions have emerged in the market, including NAD+, NMN, NR, and other components with significant biological activity. These compositions are designed for anti-aging and antioxidant therapy, aiming to help people delay aging and protect cells from oxidative stress damage. In addition, drugs or health products with NMN as the main activity are mainly sold in the United States, Japan, Australia and other countries. According to the research and statistics of the QYResearch team, the global NMN market sales reached two billion yuan in 2023 and is expected to reach 4.8 billion yuan by 2030, with a compound annual growth rate of 12.6% (2024–2030). Meanwhile, the market size of NMN healthcare products in China will climb to 27.013 billion yuan in 2023. Currently, brands such as McKinley in the United States, RevitaLife in the United States, High Grade Labo in Japan, Swisse in Australia, Emerging in Japan, ASHOKO in Japan, Hermetin in Germany, GeneHarbor in Chinese Hong Kong, Wright Life in Chinses Hong Kong have all launched NMN-containing healthcare products, all focusing on anti-aging and life extension effects.
In recent years, American scientist Huizenga has successfully developed a composition integrating key active ingredients such as NAD+, NMN, and NR. The design of this composition aims at anti-aging and antioxidant treatment, and through its unique combination of ingredients, it aims to help the human body resist the aging process and effectively protect cells from damage caused by oxidative stress. Professor Imai from Washington University has developed a new type of treatment method specifically targeting age-related obesity, hyperlipidemia, and type 2 diabetes. The core of this treatment lies in using NMN as an active ingredient, aiming to improve these age-related health issues through its unique biological activity. In China, the famous scientist Rongzhao Fu and his team have carried out in-depth exploration in many fields. They have successfully developed a drug with NMN as a key active ingredient, which is specifically used to treat arteriosclerosis and cardiovascular diseases, aiming to improve the symptoms and processes of these diseases through the biological effects of NMN. They also invented a drug that simultaneously added Nicotinamide Adenine Dinucleotide Hydrate (NADH) and NMN to treat PD, aiming to bring new therapeutic hope to patients with PD through the synergistic effect of these two active ingredients. At the same time, they have also developed an anti-aging beauty skin care composition containing NMN, which helps the skin to stay young and reduces the formation of wrinkles and fine lines through the anti-aging properties of NMN. Professor Miao chaoyu from the Naval Medical University of Chinese PLA utilizes NMN to prepare drug compositions to promote nerve regeneration after cerebral ischemia and provide new therapies for brain health. Therefore, the application of NMN in the field of medical and healthcare at home and abroad is becoming increasingly widespread. It not only shows potential in diseases such as atherosclerosis, obesity, diabetes, and PD, but also achieves remarkable results in anti-aging, beauty, and skin care, providing more possibilities for people’s health and quality of life.
6.2 Application of NMN in Traditional Chinese medicine
Traditional Chinese medicine has been a traditional medicine in China for many years, and its unique compatibility and treatment methods are of great significance for maintaining human health and treating diseases. Some scholars have recently found that some traditional Chinese medicines are also rich in NMN and NAD+. Modern research has found that Dendrobium officinale has anti-aging, immune enhancement, and hypoglycemic effects, which are very similar to the functions of NMN and NAD+. Therefore, Liu et al. used UPLC-MS/MS detection technology to detect NMN and NAD+ in Dendrobium officinale and found that Dendrobium officinale not only contains NMN and NR but also a large amount of NAD+, which is three times the content of NMN (Liu et al., 2021). This study is also the first to establish a simultaneous determination method for NMN and NAD + in Dendrobium officinale by liquid chromatography-mass spectrometry. This method has simple sample pretreatment, fast detection speed, high accuracy, and wide applicability. In addition, another type of traditional Chinese medicine (Tougu Cao) contains multiple polysaccharides and active ingredients, which relax tendons, promote blood circulation, reduce swelling and pain, and dispel wind and dampness (Li et al., 2021). Although Tougucao itself does not directly contain NMN, some components in its extract may help to promote the synthesis of NMN or increase the activity of NAD+. Similar traditional Chinese medicines that can promote the synthesis of NMN or increase the activity of NAD + contain curcumin, mangosteen peel, notoginseng stems and leaves, etc., and traditional Chinese medicine monomers also include ginsenosides, quercetin, astragaloside and Lycium barbarum polysaccharides (Guo et al., 2023; Liu et al., 2017; Tang et al., 2022; Xie et al., 2023; Yang et al., 2019; Zhou et al., 2023).
6.3 Application of NMN in food
As a natural compound, NMN is widely distributed in various foods, including vegetables, certain fungi, meat products, and seafood such as shrimps. The presence of NMN can be detected, as shown in Table 2 (Mills et al., 2016). Currently, some scholars have quantified NR, NMN and NAD+ in milk by fluorescence enzyme-linked method and found that these three substances exist in human and donkey milk and are selectively distributed in other milk, among which human milk is the most abundant source of NMN (Ummarino et al., 2017). Other researchers have detected NMN from pig placenta extract and found that pig placenta can be applied to the reconstruction of human epidermal stratum corneum and can significantly improve the induced NAD + consumption, thereby increasing skin NAD + levels (Katayoshi et al., 2022). Megumi has successfully developed a food composition containing NMN and resveratrol in Japan; resveratrol is a natural polyphenolic compound with estrogenic effects, exhibiting strong antioxidant and antibacterial properties; it can also inhibit tyrosinase activity, improve metabolic syndrome, and prolong lifespan (Zhao et al., 2018). The experimental results show that this combination can effectively reduce the blood’s total cholesterol and low-density lipoprotein content, reduce the risk of myocardial infarction, and reduce the content of neutral fat such as uric acid and triglyceride. Besides, according to the “Announcement on the Acceptance of New Food Additives on 28 January 2023”released by the Government Service Platform of the National Health Commission of China, NMN has been officially accepted as a new variety of food additives. This measure means that NMN’s status as a food additive has been preliminarily recognized by the government, opening the door for further research and application in the food industry. Although the application of NMN in China is mainly concentrated in the medical field and the application in the food field is still blank, with the deepening understanding of NMN safety and the support of national policies, there will be more food or health products containing NMN in the future, which will bring more benefits to people’s healthy life.
TABLE 2 | Content of NMN in various natural foods.
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NMN is a substance that has received much attention in the field of anti-aging in recent years. It is also an important precursor of coenzyme NAD+ in the human body, and NAD + plays a key role in maintaining cellular energy metabolism, DNA repair, and regulating aging-related gene expression. First, NMN has enormous potential in anti-aging, as it can effectively enhance NAD + levels in the body, thereby improving various age-related physiological decline, such as cardiovascular, neurological, and metabolic functions. Another advantage of NMN is its safety, as it has good safety and tolerability in animal models and high safety in the human body without significant side effects. Finally, NMN is also easily absorbed, and compared to other NAD + precursors, NMN can directly enter cells and convert to NAD + without going through complex metabolic pathways.
However, NMN also has some limitations. First of all, the effectiveness of NMN varies significantly among individuals: there are significant differences in the response of different populations to NMN, which may be related to factors such as genetic background, age, and lifestyle. Secondly, there is a lack of high-quality clinical evidence: Currently, most research on NMN focuses on animal models, with relatively few human clinical trials and limited scale, making it difficult to comprehensively evaluate its actual benefits and long-term safety for human health. Subsequently, the cost was high: currently, the price of NMN supplements is relatively high, which limits their popularity among ordinary consumers. Lastly, regulatory limitations: In some countries and regions, there is still legal uncertainty regarding the sale of NMN as a food or health product.
Based on the above issues, our team unanimously believes that NMN must be further enhanced in the following aspects. Firstly, strengthen the basic research of NMN; although we have a particular understanding of some biological activities of NMN, its specific mechanism of action in cells and its interaction with other molecules still need to be further studied. This will help us to understand the mechanism of NMN more comprehensively and provide more powerful support for its application in anti-aging, diabetes, AD, PD and other fields. Secondly, reduce the production cost of NMN. The production cost of NMN is relatively high, which limits its popularity in the market at present. Therefore, we can reduce the production cost of NMN by improving production processes, increasing production efficiency, and other methods, thereby making it more cost-effective. Thirdly, high-quality clinical human trials across multiple centers should be conducted. The current clinical trials have low quality due to various factors, such as short follow-up periods, small sample sizes, differences in sample selection, and inconsistent research results. Furthermore, strengthening the supervision and verification of NMN products is also essential. Due to the lack of strict supervision and verification of NMN products in the current market, there are certain risks to their safety and effectiveness. Hence, we need to strengthen the supervision and verification of NMN products to ensure their quality and safety. This will help protect consumer rights and promote the healthy development of the NMN market. With the continuous development of technology, we believe that more research will reveal the potential of NMN in treating or protecting various diseases. In addition to being mainly used as health products and food, NMN can also be combined with drug development to develop more treatment methods for age-related diseases.
8 CONCLUSION
To summarize, the potential and value of NMN are enormous, transcending current limitations and challenges. Its unique properties suggest profound implications for the pharmaceutical industry. With ongoing research refining our understanding of its mechanisms and applications, NMN is poised to become a key player in drug development and health management. Its versatility in treating various conditions and enhancing overall wellness promises a brighter future for both scientific research and human health.
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Subjects Number of NMN and Treatment Major results

participants control cycle
group
Yoshino Overweight or abese 13 250 mg/d 10 weeks Skeletal muscle insulin signaling (phosphorylation of
postmenopausal women with Akt and mTOR)T, Blood NAD+ 1, There were no
prediabetes 12 Placebo significant changes in body weight, body fat
percentage, blood lipid and blood glucose in the
participants
Fukamizu Healthy adult men and women | 16 1,250 mg/d 4 weeks Lactate dehydrogenase T, albumin to globulin ratio |,
aged 20-65 years there was no significant difference in hematology,
15 Placebo clinical biochemistry and urine test
Irie Healthy men aged 40-60 years | 10 100 mg/d/w 3 weeks Blood dimethylpyridine and tetramethylpyridine T,
there were no significant changes in the subjects”
10 250 mg/d/w heart rate, blood pressure, blood oxygen saturation,
body temperature, and other symptoms
10 500 mg/d/w
Yamaguchi  Healthy middle-aged men 12 125 mg/d 8 weeks NAD+ in peripheral blood mononuclear cells T,
fasting insulin and fasting blood glucose |, there was
13 Placebo no significant change and improvement in the sleep
quality of the participants
Yi Healthy adult middle-aged 20 300 mg/d 60 days Plasma NAD+ 1, 6-min walk test distance T, SF-36
men and women score T, HOMA-IR had no significant change
2 600 mg/d
20 900 mg/d
2 Placebo
Gao Patients with chronic insomnia | 200 300 mg/d 60 days Unknown
200 Placebo
Liao Young and middle-aged leisure | 12 300 mg/d 6 weeks ‘The first anaerobic threshold and the second
training athletes anaerobic threshold T, maximum oxygen uptake,
12 600 mg/d oxygen pulse, running economy |
12 1,200 mg/d
12 Placebo
Igarashi Healthy elderly men 21 250 mg/d 12 weeks Left hand grip strength 1, gait speed 1, right hand
grip strength, standing test, skeletal muscle mass,
21 Placebo insulin sensitivity and cognitive function did not
improve
Kumbhar Healthy male adults 2 300 mg/d 60 days Plasma NAD+ 1, there was no significant change in
T 6-min walk test distance, SF-36 score and
20 600 mg/d HOMA-IR.

2 900 mg/d

20 Placebo
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