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ABSTRACT
The importance of self-care to improve health and social wellbeing is well recognized. Nevertheless, there remains a need to encourage people to better understand how their body works, and how to keep it healthy. Because of its important role, part of this understanding should be based on why the immune system must be supported. This highly complex system is essential for defending against pathogens, but also for maintaining health throughout the body by preserving homeostasis and integrity. Accordingly, the immune system requires active management for optimal functioning and to reduce the risk of chronic diseases. In addition to regular exercise, healthy sleeping patterns, and cultivating mental resilience, adequate nutrition through healthy and diverse dietary habits is key to the daily support of immune function. Diet and the immune system are closely intertwined, and a poor diet will impair immunity and increase the risk of acute and chronic diseases. To help elucidate the roles of primary healthcare providers in supporting individuals to engage in self-care, an international group of experts reviewed the evidence for the roles of the immune system in maintaining health and for nutrition in daily immune support, and discussed implications for population health and clinical practice. 
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INTRODUCTION
[bookmark: _Hlk134783574][bookmark: _Hlk134783590]In recent years, there has been an increased interest in and focus on the importance of self-care – one of the oldest and most promising approaches to improving health and quality of life [1]. The World Health Organization (WHO) defines self-care as “the ability of individuals, families, and communities to promote health, prevent disease, maintain health, and to cope with illness and disability with or without the support of a healthcare provider” [2]. This concept of self-care is particularly important because the current global shortage of healthcare workers is predicted to worsen over the next decade [3]. Taking better care of our own health at every stage of life is vital not only to help prevent disease and improve health outcomes, but also to relieve the enormous pressure on health and social care systems. Self-care encompasses a wide range of actions to improve the body, mind, and social wellbeing [2] – including, for example, disease prevention through healthy eating and regular exercise to the use of non-prescription interventions to manage symptoms and common ailments [4]. An increasing number of people are becoming more aware of and informed about the concept of self-care and its potential benefits.
[bookmark: _Hlk134783597][bookmark: _Hlk134783605][bookmark: _Hlk134783622][bookmark: _Hlk134783628][bookmark: _Hlk134783642][bookmark: _Hlk134783654][bookmark: _Hlk134783667]However, not everybody has the self-confidence to manage all aspects of their own health [5,6]. Furthermore, health literacy is often low, even in developed countries [4,7]. Consequently, there is an urgent need to empower individuals to acquire greater understanding of how their body works and what it requires to stay healthy, and to enable them to better recognize symptoms and conditions suitable for self-care. Because of its central role in health, increased understanding of the importance of maintaining a healthy immune system should form part of any program designed to raise awareness. The role of the immune system in defending against pathogens is well recognized, and this has been brought to even greater public attention because of the COVID-19 pandemic. More people than ever have begun to realize that a healthy immune system is better able to provide protection against viruses (and other pathogens) and help safeguard against the threat of future pandemics. Host defence against pathogens is only the tip of the immunity iceberg – underneath, the myriad of immune cells, signals, and stimulatory or inhibitory responses involved in defending the body also help to maintain health throughout the body. This highly complex network requires daily active maintenance for optimal functioning, with a particular focus on adequate nutrition through healthy and diverse dietary habits [8-10]. When combined with other self-care measures (such as regular exercise, body weight management, healthy sleeping patterns, and cultivating mental resilience), such actions can help to fortify the immune system against factors that cannot be easily controlled (including infections, other environmental challenges, and the chronic, low-grade inflammation that occurs in response to physiological stimulation of the innate immune system throughout life. 
[bookmark: _Hlk134783683]Primary healthcare providers (PCHPs) around the world play a central role in educating communities, and actively support and empower individuals to responsibly engage in self-care [1,11,12]. PHCPs, particularly pharmacists, represent a widely-available, easily accessible, and convenient resource [4] that can be used to promote self-care strategies for daily immune support – including nutritional recommendations that could help to improve public health; to be accurate and effective, these recommendations need to be evidence-based and given by PHCPs with sufficient training in diet and nutrition as part of self-care. In October 2022, an international group of experts from the fields of primary care and biomedical sciences attended a webinar to review and discuss this topic. Their aim was to: 1) review and discuss the evidence (using scientific literature provided ahead of the webinar and presented by key experts during the webinar) for a) the central roles of the immune system in maintaining general health beyond host defence and b) the role of nutrition in daily immune support; 2) discuss the implications for PHCPs on their daily clinical or pharmacy practice. The key outcomes of the webinar were documented and approved by the experts, and are summarized within this review. 
A HEALTHY IMMUNE SYSTEM IS CENTRAL TO OVERALL HEALTH, WITH ROLES BEYOND DEFENDING AGAINST PATHOGENS
Defending the body against attack by pathogens (such as viruses, bacteria, fungi) is the primary function of the immune system [13], and the effects of the immune response are often noticeable. The familiar symptoms of a cold, for example (sneezing, runny or congested nose, sore throat, cough, fatigue, body aches) are all signs that the immediate innate defences (particularly inflammation) and the later adaptive immune responses are working to remove the virus from the body. It is clear that a robust immune response is important to host defence against pathogens, and that people with a weakened immune system are at increased risk of infection and of those infections becoming more severe. 
In addition to its role in defence against pathogens, the immune system is involved in innumerable and interrelated dynamic actions throughout the body, which work together to keep physiological processes in balance (homeostasis) and help the body to function and respond to challenges on a daily basis (Figure 1) [14]. In simple terms, the immune system may be thought of as an information management system, which continually collects, interprets, communicates, and stores data, and sets in motion events to maintain or restore homeostasis [15]. In this way, a properly functioning immune system helps to maintain overall health and plays a role in reducing the risk of a range of chronic diseases that might otherwise occur as the body ages [14,16]. 
[Figure 1 here: Figure 1. The multifaceted roles of the immune system go beyond host defence [13,14,17-25]. Negative feedback mechanisms normally correct small deviations in the body’s steady-state variables to regulate homeostasis – but these may be insufficient to maintain stability if deviations are too large; when this happens, inflammatory cells and signals support homeostatic regulation until homeostasis is restored [26].] 
The inflammatory process: fundamental roles in maintaining whole body homeostasis and integrity
A key component of the innate immune system is the inflammatory response, which goes beyond eliminating infections and repairing tissue injury – two extreme body perturbations that are easily observable. In fact, inflammation also occurs at a lower magnitude in the absence of infection or overt tissue damage to maintain normal cellular, tissue, and systemic homeostasis [26]. 
Inflammation is vital for enforcing homeostasis and protecting the functional and structural integrity of tissues and organs throughout the body, in both infectious and sterile situations (i.e., those occurring in the absence of microorganisms) [26]. When normal (non-inflammatory) homeostatic mechanisms are insufficient to overcome a threat to homeostasis (i.e., following an alteration in tissue structure or function or dysregulation of physiological processes), a variety of proinflammatory mediators produced by several types of cells induce an “inflammatory mode” until normal homeostatic processes can be restored (Figure 1) [26,27]. Once this has been achieved, specific negative feedback mechanisms resolve inflammation and homeostasis is once more regulated by the non-inflammatory physiological processes [26].
To help illustrate the importance of the immune system and the inflammatory response to the normal functioning of the body, specific examples are briefly discussed below.
Metabolic health 
Metabolic health can be defined as the ability of the body to respond efficiently to changes in the supply of food and nutrients, and to the dynamic demands for energy sources, chemical substrates, co-factors, and building blocks to support cell and tissue function. This is achieved through regulation of physiological processes. Metabolic health is reflected by adequate condition-specific concentrations of a number of metabolic parameters, such as blood glucose, triglycerides, and high-density lipoprotein cholesterol, “normal” blood pressure, and a healthy waist circumference – factors that are directly related to the risk of conditions such as type 2 diabetes and cardiovascular disease [28]. The immune system plays an important role in regulating metabolic processes and vice-versa [29]. This immuno-metabolic crosstalk is pivotal in promoting metabolic health throughout the entire life course and plays essential roles in the ability of a host to respond to external challenges and dynamic conditions within the body to maintain homeostasis [29-32]. Metabolism involves sensing the nutrient balance to allow the host to prioritize energy storage against the requirements for energy and substrates to support tissue growth, function, and maintenance [30]. The immune system plays an important role in this sensing.
[bookmark: _Hlk129003952]For example, in adipose tissue (a known “immunological niche” [30]) and the liver, immune cells produce signaling molecules that regulate tissue homeostasis and metabolic functions such as the actions of insulin or the breakdown of triglycerides [33,34]. The immune system also helps to prevent obesity by orchestrating the transformation of white adipose tissue into beige cells [14,35]. The development of adipocytes (cells that store fat) and their function (e.g., thermogenesis, insulin sensitivity) are supported and maintained by immune cells located in the adipose tissue [14].
The brain 
Lifelong maintenance of the brain relies on a healthy immune system. For many years, it was believed that the central nervous system (CNS) was an immune-privileged organ unable to tolerate immune reactivity; thus, the belief was that any immune responses in the brain would need to be eradicated to prevent neurodegeneration [19]. However, immune cells residing in the CNS have been identified, such as the microglia (the brain’s resident macrophages) which participate in inflammation and immune responses [15]. It is now clear that the immune system provides homeostatic support to the CNS and helps to maintain the complex and delicate brain environment in optimal condition [36,37]. 
Immune cells recognize the self-components of the CNS and patrol the healthy brain to identify abnormal situations and resolve them before further damage can occur, or facilitate repair if damage has occurred [37]. “Guardian” immune cells and signals form part of the protective barriers that exist between the periphery and the brain [19,38-40]. In this way, the immune system is essential for preventing and healing damage in the CNS [41-44]. It also participates in brain plasticity throughout life (i.e., the ability of the brain to be restructured to enable it to function in a new way) [45-47], and is pivotal in supporting learning, memory, cognition, and motor function [37,46,48-50]. Cross-talk between the immune system and the CNS coordinates the body's response to stress, infection, and other challenges [45]. 
Memory skills, the ability to learn, and cognitive and motor function begin to decline with age, which reflects the aging of the brain but also aging of the immune system [37,51,52]. Restoring communication between the immune system and the brain can help to restore brain function during the aging process and may be beneficial in pathologies such as Alzheimer’s disease [19,51,53]. The immune system not only supports cognitive functions, but also influences behavior. The body’s natural resilience mechanisms, which allow a person to cope with and recover from mental stresses, are dependent on a properly functioning immune system [38,50] that influences emotional and behavioral processes [19,50,54,55]. Some people are naturally more susceptible to stress, and their ability to manage stress is linked to their inflammatory phenotype; however, it may be possible to improve resilience to stress by changing the inflammatory phenotype [50].
Other body systems
The integrated roles of the immune system extend throughout the body. For example, there is a mutualistic relationship between the immune system and gut microbiota. The microbiota is critical to the training and development of the immune system; in turn, around 70% of the body’s immune cells reside in the gut wall [20] to ensure that there is a diversified and balanced microbiome, that commensals do no overuse host resources, and that immune tolerance to innocuous stimuli is maintained [56,57]. When immune function becomes impaired (e.g., when inflammation becomes chronic), this can result in dysbiosis that adversely affects the functioning of the microbial communities and impairs gut function [56]. Additional roles of the immune system in the gastrointestinal tract have been reported, such as the regulation of intestinal peristalsis and the gut epithelial barrier through the action of immune cells on epithelial cells and neurons [14].
There is also extensive cross-talk between the interconnected immune and cardiovascular systems [58]. The immune system is essential for formation of new blood vessels, maintaining cardiac composition and function, and healing and regeneration of damaged epithelial and cardiac tissue, thus ensuring homeostasis within the cardiovascular system [21,22]. In the musculoskeletal system, continual repair of microtears in skeletal muscle after daily use and promoting muscle regeneration after more extensive injury are dependent on the immune system [23], while strong skeletal muscles (which develop after regular exercise) have emerged as a potent regulator of immune system function [24]. The immune system also has complex interactions with bone, and is essential for regulating the activity of bone cells during bone development and maintenance [25]. In the reproductive system, the immune system has crucial protective activities, participating in ovulation, maintaining the maternal-fetal interface during pregnancy, and regulating mammary gland development [59]. 
THE IMMUNE SYSTEM IS CHALLENGED ON A DAILY BASIS – WHICH CAN HAVE SERIOUS CONSEQUENCES IF INFLAMMATION IS NOT SUFFICIENTLY RESOLVED
The immune system orchestrates health when it functions well (Figure 2). However, when dysregulated it can lead to uncontrolled, chronic, inflammatory responses that can result in disease [60]. Throughout life, the body is exposed to a vast array of biological, environmental, social, and psychological stressors on a daily basis, including eating food, undertaking physical activity, emotional disturbances, exposure to pathogens and toxins, mechanical damage, and temperature fluctuations [14]. Each of these has the potential to disturb homeostasis and trigger the inflammatory response [26] (Figure 3). It is important that any inflammatory process is fully resolved each time to avoid pathological consequences [61]. However, increased concentrations of inflammatory markers [62] and inadequate resolution of acute inflammation occurs over time [63], leading to low-grade, chronic inflammation [61]. This inflammation is associated with numerous chronic diseases [26,61,64-68] and almost every pathology of the brain [19,69], and contributes to all of the well-established hallmarks of aging [70].
[Figures 2 & 3 here: 
Figure 2. A) The immune system is integrated throughout every part of the body and is constantly on alert for external threats and for any internal challenges or anomalies that might affect homeostasis. B) When any irregularities are detected or sickness develops, an appropriate immune response is triggered to respond to the problem, restore homeostasis, and thereby maintain health (partly adapted with permission from Ayres [71]).
Figure 3. The immune system can be challenged by many factors throughout life, leading to increased inflammation, damaged cells, and dysregulation of homeostasis that contribute to chronic and age-related disorders such as type 2 diabetes, cardiovascular and cerebrovascular diseases, dementia, cancer, etc. [61,72].]
For example, persistent, low-grade inflammation is a common marker in immune-metabolic disturbances, with roles in cardiovascular diseases, many cancers, obesity, insulin resistance and type 2 diabetes, cachexia, etc. [14,73-77]. Disruption of the tight interface between the immune system and the brain when coordinating the body’s response to challenges such as stress can also lead to chronic disease [45]. Alterations in the neuroprotective immune activities within the brain and CNS can contribute to dementia and other neurodegenerative diseases, which have a further detrimental impact on immunity, causing a vicious cycle [19]. If inflammation triggered during tissue repair in the heart is not tightly regulated and quickly resolved, further cardiac damage can occur, increasing the risk of heart disease [78]. Immunological impairments in one system can damage another; e.g., certain neuroendocrine and immunometabolic diseases are known to disrupt endothelial function (a “barometer” of cardiovascular health), which can lead to atherosclerosis and cardiovascular disease [58].
Considering the importance of the immune system to overall health (in terms of both protection against pathogens, for example, and maintenance of body homeostasis and function), the daily challenges it faces from external and internal stressors, and the potential impact that immune dysfunction can have on short- and long-term health, it is clearly crucial to support the immune system on a daily basis. Self-care forms an important part of maintaining a healthy, well-nourished immune system. 
DAILY SELF-CARE THROUGH NUTRITION IS IMPORTANT TO SUPPORT IMMUNE FUNCTION
Maintaining or restoring immune resilience on a daily basis could help to prevent adverse effects in the body, reduce the risk of disease, and potentially improve or mitigate the course of disease. Simple lifestyle changes can support immune function by targeting inflammation and maintaining immune cell health, with a potential reduction in the risk of infections and chronic diseases [79]. It might not be possible to alter certain factors that impair immunity (such as exposure to pathogens or pollutants, etc.) – but it is possible to implement daily self-care measures that are known to have a positive impact on immune function, including regular exercise [80-84], good quality sleep [85,86], a healthy mindset that is more resilient to stress [87-89], and adequate nutrition [90,91]. 
In fact, a healthy diet is a cornerstone of daily immune support; over a lifetime, it plays a critical role in supporting immune functions and helping to improve general health [92]. The development and optimal functioning of immune cells and immune mechanisms are reliant on an adequate supply of essential fatty acids, proteins (a source of essential amino acids), and micronutrients such as vitamins A, C, D, E, B6, B9 (folate), and B12, and minerals including zinc, copper, iron, and selenium [8-10,90,91,93-95]. When the body becomes malnourished – whether through under- or overnutrition – and nutrient supply is deficient or even insufficient, the production and activity of immune cells becomes impaired [94] and the immune system cannot function properly [93,96], increasing the risk of infections [8,95] and chronic disease [90,91]. Non-optimal dietary intake is proven to be a major factor in the global burden of disease [97,98] and mortality [99]. 
Providing adequate nutrients to support immune function is an easily modifiable, high-priority self-care measure that can help to maintain general health [97,100,101]. Improving nutritional status helps to maximize immune protection against infections and may protect against the development of inflammatory/immune-mediated diseases [97,100,102]. Although more research is necessary, there is a good rationale based on mechanistic data to postulate that supporting immune function through nutrition on a daily basis could have a beneficial effect on maintaining homeostatic mechanisms throughout the body and may help protect against chronic diseases [90,103,104]. 
Minimally-processed, naturally nutrient-dense foods are the preferred way to fill micronutrient gaps, with fruits, berries, and vegetables in particular containing numerous micronutrients and several classes of bioactive compounds (e.g., polyphenols, carotenoids, etc.) that have immunomodulatory effects [105-109]. However, the body may not be able to obtain all the nutrients it needs from the diet alone, particularly in some subgroups of the population [110]. Geographical, sociological, and lifestyle factors, combined with constant exposure to pathogens and other immunological challenges, can contribute to insufficient micronutrient intakes [110,111]. Even in high-income countries, suboptimal micronutrient levels are common throughout the life course [92,112,113]. Data indicates that daily intakes of vitamins A, C, D, E, and B12, calcium, iron, and zinc – all essential for immune function [8,95] – fall below recommended intakes in some adults [100,110] and throughout the life course, even in seemingly healthy people [92]. As increasing dietary diversity to meet daily requirements is desirable but can be hard to achieve in reality for many people, particularly for certain vitamins and minerals. In such cases, a supplement containing multiple micronutrients known to support immune function could be a simple and cost-effective way of complementing the diet and closing some nutritional gaps [8,100]. A healthcare provider should always be consulted first to ensure that the consumer can safely use a micronutrient supplement, that they are using a certified product, and that they are not only aware of the potential benefits but also of the upper tolerable limits. Furthermore, it is important that they are advised where they are able to access evidence-based information from credible sources, and to always check the often misleading information contained in social media posts, for example.  
[bookmark: _Hlk132102295]PHCPs HAVE A CRUCIAL ROLE IN ENCOURAGING DAILY SELF-CARE THROUGH NUTRITION FOR IMMUNE SUPPORT 
Considering the evidence presented, it is evident that the immune system is the center of human health and resilience. By protecting the body from external stressors such as pathogens, as well as internal stressors that also challenge and disrupt homeostasis, a well-functioning immune system ensures lifelong, optimal functioning of human body cells, tissues, and organs. Hence, immune support through nutrition is a high-priority self-care practice that can help to maximize the health and wellbeing of the population. In situations of inadequate diet or challenging immune stressors, regular use of a micronutrient supplement in accordance with the manufacturers’ instructions seems likely to help support a well-functioning immune system. Accordingly, there is a clear public health need to empower the community to take care of their immune system and health through nutritional support, given the annual morbidity and mortality from infections in general, the increasing likelihood of respiratory infections from novel viruses, and the global increase in rates of chronic diseases that involve nutrition and immune impairment [97,114,115]. Many people do not fully understand the link between nutrition, immune function, and the potential for a healthier life, and might not see the need to improve their daily diet. Poor health literacy among communities is a barrier in community education. Multiple and complex factors have a strong influence on dietary choices and patterns, which can be hard to overcome [116]. Education is needed to enable people better recognize the direct link between what they eat, the impact on their their immune health, and the resulting effects on their overall health and wellbeing. Furthermore, it is essential to raise awareness that, in keeping with other body systems, the immune system requires daily nutritional support, and that diet is really important but may not be sufficient to meet the recommended dietary allowances for all nutrients, particularly micronutrients that are critical for immune function. 
PHCPs have a central role in community education and there is a need to engage their help to reach the community. Pharmacists, for example, already recommend self-care activities to the public to improve and preserve optimal health and quality of life, and provide education about the importance of healthy eating, physical activity, and mental wellbeing [1]. PCHPs are trusted, convenient, widely-accessible, widely-used, and can provide (usually) free sources of health information, and thus are in a unique position to further encourage the community to take a more active role in the maintenance of their own nutritional health. Many also have contact with people of all ages, and often whole families, and may know their background, lifestyle, and health concerns. This is invaluable, as lifelong immune support through nutrition is essential. Ultimately, enabling better health outcomes in individuals will contribute to the sustainability of healthcare systems and have a broader positive impact on society and the economy.
Well-trained PCHPs are ideally suited to use their skills to educate the community about their immune system, provide evidence-based advice on self-care through nutritional support, and help overcome barriers to changing dietary habits. Nutritional education can help to improve dietary intake [117] and has the potential for a beneficial impact on public health. Nevertheless, there are multiple factors that may impede the involvement of PHCPs in raising awareness and educating the community. Lack of time and resources for PHCPs, combined with lack of ongoing training for them and their assistants, is a problem that needs to be resolved. In addition, the minimal exposure to nutritional knowledge during the training of all PHCPs is detrimental [118], particularly when combined with insufficient understanding of the broader roles of the immune system beyond host defence and how to communicate its importance [119]. These issues must be addressed before PCHPs can safely and confidently advise the community about basic nutrition and know when they should refer to an expert. Integrating evidence-based nutrition courses into health professional education, using a range of delivery and communication options, can prompt greater competence and confidence when providing nutritional advice [120,121]. There is a range of solutions that could be used to help educate PHCPs about the impact of nutrition on the immune system and the potential public health benefits of daily immune support through nutrition. These might include, for example, the creation of live and virtual communities for PHCPs, continuous training via online resources or participation in scientific events. Educational materials with guidance to empower PHCPs during discussions about dietary supplements are also already available (such as the Operation Supplement Safety document developed by the US Department of Defense [122]). The ensuing knowledge, combined with effective community communication tools, can be used by PHCPs to directly inform the community about the benefits of daily nutritional self-care to support immunity. Such community tools might encompass succinct and accessible online and print resources (e.g., leaflets, websites, and social media posts on topics such as new information on micronutrients, dietary choices during different life stages, and effects of nutrition on immune function); practical interactive, and case-based information-sharing sessions that offer bidirectional communication between speakers and audiences; diagnostic aids within pharmacies that are accessible to the community (featuring simple nutritional assessment tools and integration with wearable technologies). These educational initiatives should be supported by a number of stakeholders, such as health systems, PHCP associations, insurance companies, and the self-care industry wherever possible, by presenting scientific research on nutrition and immune health, using online resources to reach PHCPs and the public, and helping to monitor and fact-check misinformation online to ensure that people receive accurate advice on why and how to support their immune system through nutrition.
CONCLUSIONS
The immune system is important to the body’s function and resilience to challenges, and this goes beyond defence against pathogens. Consequently, immune impairments result in loss of homeostasis and resilience and an increased risk of various diseases. Multiple nutrients are vital to support immune system function. Hence, a poor diet is linked with immune impairments and increased susceptibility to infection. However, such immune impairments are also part of the link between poor diet and many chronic non-communicable diseases. Diet is important in the supply of optimal nutrition; even so, many people – even in well developed countries – have insufficient intakes of many micronutrients. Micronutrient supplements can help to fill nutrient gaps for immune support where diet is insufficient. There is a public health need to galvanize the community into taking daily care of their immune system through nutrition support. PHCPs already play a central role in educating the community, and should be encouraged to proactively promote nutritional immune self-care. However, there is a need to empower and assist PCHPs by investing in training and providing succinct and reliable information about the immune system and the vital roles of nutrition – including the use of a multiple micronutrient supplement to help close any nutrient gaps that could impair immune function.
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FIGURE LEGENDS
Figure 1. The multifaceted roles of the immune system go beyond host defence [13,14,17-25]. Negative feedback mechanisms normally correct small deviations in the body’s steady-state variables to regulate homeostasis – but these may be insufficient to maintain stability if deviations are too large; when this happens, inflammatory cells and signals support homeostatic regulation until homeostasis is restored [26]. 
Figure 2. a) The immune system is integrated throughout every part of the body and is constantly on alert for external threats and for any internal challenges or anomalies that might affect homeostasis. b) When any irregularities are detected or sickness develops, an appropriate immune response is triggered to respond to the problem, restore homeostasis, and thereby maintain health (partly adapted with permission from Ayres [71]).
Figure 3. The immune system can be challenged by many factors throughout life, leading to increased inflammation, damaged cells, and dysregulation of homeostasis that contribute to chronic and age-related disorders such as type 2 diabetes, cardiovascular and cerebrovascular diseases, dementia, cancer, etc. [61,72].
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