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Abstract

:

Over the last century, nutrition research and public health in New Zealand have been inspired by Dr Muriel Bell, the first and only state nutritionist. Some of her nutritional concerns remain pertinent today. However, the nutritional landscape is transforming with extraordinary changes in the production and consumption of food, increasing demand for sustainable and healthy food to meet the requirements of the growing global population and unprecedented increases in the prevalence of both malnutrition and noncommunicable diseases. New Zealand’s economy is heavily dependent on agrifoods, but there is a need to integrate interactions between nutrition and food-related disciplines to promote national food and nutrition security and to enhance health and well-being. The lack of integration between food product development and health is evident in the lack of investigation into possible pathological effects of food additives. A national coherent food strategy would ensure all components of the food system are optimised and that strategies to address the global syndemic of malnutrition and climate change are prioritised. A state nutritionist or independent national nutrition advocacy organisation would provide the channel to communicate nutrition science and compete with social media, lead education priorities and policy development, engage with the food industry, facilitate collaboration between the extraordinary range of disciplines associated with food production and optimal health and lead development of a national food strategy.
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1. Introduction


Most years, a New Zealander, who has made a contribution to nutrition or related sciences in New Zealand, is invited to deliver the Muriel Bell memorial lecture [1] at the annual scientific meeting of the Nutrition Society of New Zealand, on a topic of their choice. The public lecture commemorates the life and work of Muriel Bell, 1898–1974. It is, almost always, easy to link the lecturer’s background, research interests and lecture content with Muriel Bell’s own interests and history, comprehensively described in a recent biography [2]. This might suggest that Muriel Bell worked in an extraordinary breadth of areas related to nutrition or that the same nutritional problems exist today—or both. This commentary aims to summarise the role of Muriel Bell in the history of nutrition in New Zealand, to consider how the nutrition landscape has changed since her era and to provide an overview of the nutritional challenges ahead and to consider how Muriel Bell might have responded.




2. Muriel Bell and the Early History of Nutrition in New Zealand


Whilst Bell’s history is known well by nutritionists within New Zealand, her work is less well known elsewhere. Bell qualified in 1922 as one of the first female doctors in New Zealand. The 1920s can be regarded as the birth of modern nutrition science. Following Funk’s postulation of the existence of “vital amines” in 1910 [3], diseases that had been thought to be due to infection or deprivation were found to be the result of vitamin deficiency. Between 1928 and 1943, five Nobel prizes were awarded in Physiology and Medicine for the discovery of vitamins and the elucidation of their mechanisms in preventing deficiency diseases. At Otago University, Bell carried out research in physiology and biochemistry, almost all of which was focussed on nutrition. The shortage of male medical graduates during and after the first world war created unprecedented opportunities for young women to become involved in university life and undertake teaching duties [2]. Bell’s medical dissertation was on basal metabolism and thyroid disease which was a significant problem. New Zealand soils have low levels of minerals, such as iodine, cobalt, fluoride and selenium, exacerbated by leaching from high rainfall, a situation that affects human and animal health.



After spending a few years working in Europe, Bell returned to New Zealand in 1935 where she was appointed to the Board of Health, with responsibility for the health of women and children, and to the New Zealand Medical Research Council. Bell became director of the Nutrition Research Unit at Otago University and took on the role of New Zealand’s first (and only) state nutritionist in 1940, a position she held until she retired in 1964. She advised the government about the post-war nutrition problems and food shortages and the setting of food rations and was instrumental in tackling problems of iron, calcium and iodine deficiency and was an avid campaigner for significant public health initiatives such as introducing the school milk scheme, promoting iodised salt and fluoridation of municipal water.



Bell was an inspiring communicator and used a broad range of strategies to convey her messages. For many years, she wrote a column about nutrition in a popular New Zealand magazine and gave numerous radio broadcasts. In two of her books, Bell identified nutritional issues which are still challenges today, 60 or so years after they were first published. The slim volume “Nutrition in New Zealand” [4] reviewed nutrition in New Zealand and identified three important factors “which determine the nutritional well-being of a country’s inhabitants”—whether there was enough food of the right kind containing the necessary nutrients, whether New Zealanders could procure this food and whether they knew how to choose and prepare the foods suitably. A subsequent and frequently revised book “Normal Nutrition” [5] described problems of the NZ “average diet” in 1969 and noted that the “average” New Zealander tends to eat too much sugar, cakes, biscuits and confectionery, too much butter, fat and cream, and that some people eat more meat than is necessary and some still do not use enough iodized salt. It concluded that the average New Zealander consumes too little milk, cheese, eggs, raw fruit and vegetables. Little has changed.



The history of nutrition over the last 100 years or so since the recognition of vitamins in deficiency diseases has been elegantly reviewed [6,7] and four phases identified. Muriel Bell witnessed phase 1, the discovery of vitamins and elucidation of their roles in deficiency diseases, and phase 2, the food shortages related to the economic depression of the 1930s and subsequent world war, resulting in the derivation of dietary requirements and drives to increase the production of food, to feed the increasing global population and the increasing risk of famines. The Green Revolution drove an extraordinary increase in food production, exceeding the growth in populations, so that many parts of the world overcame chronic food shortages and did not experience the predicted famines and malnutrition.



By the 1980s, nutrition in phase 3 was dominated by concerns about the increasing prevalence of chronic diseases, many associated with a dissociation between energy intake and energy expenditure which had never existed previously. Phase 3 of the history of nutrition, which was characterised by taking the same reductionist approach that had worked so well when determining the role of a single nutrient in a single deficiency disease, was not successful in elucidating a single and manageable factor affecting the increasing risks for non-communicable diseases such as cardiovascular disease and type-2 diabetes, which are affected by a combination of factors including dietary imbalance and energy excess. The current era (phase 4) is distinguished by an understanding that nutrition cannot be considered in isolation and that food systems need to be viewed holistically in the context of environmental sustainability and the broader costs of food production to optimize personal, public and planetary health [8].




3. Nutritional Challenges Today (Phase 4)


The nutritional challenges of the current era are complex. The global burden of disease has shifted from infectious diseases and nutrient deficiency disorders to noncommunicable diseases (NCDs) which are the main health and development challenges in the world. The recognition of the coexistence of undernutrition (stunting and wasting, often compounded by micronutrient deficiency) with overnutrition (overweight and obesity associated with increased risk of diet-related noncommunicable disease) led to the concept of the “double burden” of malnutrition [9]. It is appreciated that the greatest threats to human health and survival, obesity, undernutrition and climate change are components of a global syndemic that affects most people in the world [10]. The challenge of reducing the double burden of nutrition and securing a healthy sustainable future for the growing number of the world’s inhabitants is paramount.



The globalisation of the environmentally costly food system is associated with the production of inexpensive and low-quality foods, which are often energy-dense and nutrient-poor. Feeding the future global population requires eating habits to be transformed, food waste to be reduced and food production to be improved, at least partially, by adopting creative and locally rational farming methods and unlocking the genetic potential of neglected and underutilised species which may be more resilient to climate change. Climate change is predicted to affect the nutrient composition of crops; 85% of plants have C3 metabolism (utilise the 3-phosphoglycerate pathway in photosynthesis) and so have lower levels of protein, iron and zinc when carbon dioxide levels are higher [11]. About 90% of the world’s food comes from less than 1% of the known 250,000 edible plant species [12], mostly (>75%) from 12 species of plants and 5 species of animals [13].



To date, the production of food has apparently kept up with population growth, but in 2019, prior to the negative effects that COVID-19 is likely to generate, more than 690 million people (8.9% of the global population) were undernourished [14]. Furthermore, 2 billion people (25.9% of the global population) experienced hunger related to food insecurity and a lack of reliable access to nutritious food, and a further 2 billion people were overweight or obese [15]. These numbers have been slowly increasing and are projected to continue to do so, at least until 2030. Despite the 1943 UN Conference on Food and Agriculture setting a goal of “freedom from want of food…. within the shortest possible time” [16], the same issues were prevalent in 2000 when the Millennium Development Goal 1 (eradicate extreme poverty and hunger by 2015) and in 2016 when Sustainable Development Goal 2.1 (“to end all forms of hunger and malnutrition by 2030”) were established as targets; child malnutrition (wasting, overweight and micronutrient deficiency) and adult obesity continue to increase. Malnutrition is responsible for 41% of all deaths—10.9 million from chronic disease and 3.2 million due to maternal and child undernutrition [7]. It is unlikely that malnutrition will end by 2030 [17]. Whilst it is estimated that enough food is currently produced to feed the population of the world, over 1.5 billion people cannot afford the cost of adequate essential nutrients, and 3 billion cannot afford the cheapest healthy food. Furthermore, mortality due to NCDs is now higher than deaths due to communicable diseases, poor nutrition and maternal and perinatal conditions combined [18].



Increased food production does not, however, mean less hunger and better nutrition; poverty, not the physical shortage of food, is the primary cause of hunger. In Muriel Bell’s time, NZ was a more equitable society. In the 1960s, New Zealand had one of the highest income per capita in the world, and it was evenly distributed [4]. This situation changed dramatically over subsequent decades. Income inequality in New Zealand, described by the Gini coefficient for total incomes of all individuals before tax, was relatively stable from the early 1960s until the mid 1980s, after which it increased steeply (Figure 1).



Like many other countries in the world, the ”wealth gap”’ between the richest and poorest in New Zealand society continues to escalate with recent reports suggesting that the richest 1% are worth 68 times more than a typical New Zealander and the wealthiest 10% own nearly 60% of all assets [20].



Based on the Gini data from the last 25 years, inequality in New Zealand appears to have remained fairly constant; however, the wealth of the country has increased markedly and most of the benefits of that wealth have been to those on higher incomes (Figure 2). Not surprisingly, the diversity between the ”haves” and the ”have nots” has a major impact on diet and, therefore, on health and wellbeing. The notion that New Zealand is egalitarian is simplistic. There are many health issues (Figure 3) which are clearly associated with income inequity [21]. In developed countries, income inequity has been reported to have an association with obesity, mental illness, life expectancy and infant mortality as well as a range of social issues [22].



A major consequence of income inequality is its negative impact on food security, the ready access to adequate food supplies, which is a major and growing concern worldwide. It is believed that sufficient food is currently produced in the world to feed the population [24]. The case for increasing global food production to feed a continuously growing world population may be encouraged by the food and agricultural industries whose claims are not independent of profit.




4. Population Expansion and Increased Requirement for Food


United Nations data predict that the population of the world will increase from 7.7 billion in 2019 to almost 8.5 billion by 2030, 9.7 billion by 2050 and 10.9 billion by 2100 [25]. Improved health and nutrition together with significant reductions in the mortality of children resulted in an extraordinary growth of the world population from the beginning of the 20th century. However, the rate of global population growth is declining after peaking to over 2.1% in 1968; rate of growth is abrogated by access to contraception and falling fertility [26] together with the increased schooling of children, particularly girls. In the past, the size of the population was limited by very high mortality rates; in the future, it will be restrained by low fertility. The modelling indicates that the global population will have increased more than 10-fold over 250 years with the projected world peak numbers being reached at the beginning of the 22nd century.



The massive demographic transition of reaching about 10 billion people by 2050 significantly increases the challenge of matching population growth and demand for food. It is modelled that global food demand will require a substantial 60–70% increase in food production [27] with corresponding demands placed upon agriculture and horticulture, land availability and soil fertility, and a food industry capable of providing the food requirements of the expanding and largely impecunious population. While it is evident that there will be more people to feed, there is no consensus about how substantial the increase in food production will need to be. The most significant increases in population growth, accompanied by a shift from rural to urban living, will occur in countries which are currently poor and have low per capita food consumption. Understanding of nutrition transition, how diets change as income increases, indicates that there will be an increase in noncommunicable diseases that results from the changes classically described by Engel’s Law (that the proportion of income spent on food diminishes as income increases) and Bennett’s Law (that nutrient density increases—or the starchy-staple ratio falls—as income increases) [28]. Traditionally, this has been interpreted as the demand for animal-based foods will increase to a greater extent than the increase in population growth. However, the drive for societal adaptation [29] to reduce the consumption of animal-based foods would further increase the availability of human-edible crops, as would making dietary changes such as adopting one of the variants of the EAT-Lancet Commission reference diet [30].



Furthermore, reductions in food waste would also have a positive impact on the food balance. About a third of all food currently produced in the world (1.3 billion tonnes per year) is wasted [31]. Most wasted food ends up in landfill and contributes to greenhouse gas emission. For example, New Zealand households discard 157,389 tonnes of food waste each year (worth about NZD 1.17 billion/year, USD 0.77 billion/year) to kerbside rubbish collection [32]. This is just a proportion of total food wasted as there has not yet been a nationwide audit investigating all stages of the food supply chain. The waste is classified as avoidable (could have been eaten) like bread, potentially avoidable like potato skins or unavoidable like banana skins. It is not known how much household food is composted, fed to animals or disposed of into the wastewater system. These figures do not include supermarket food waste, some of which may be sent to food rescue groups or used for animal feed, or waste from the hospitality sector. As in many countries, New Zealanders buy too much food, store it poorly, cook too much and usually do not eat leftovers.




5. Environmental Costs of the Food Systems


Meeting human food requirements while maintaining healthy ecosystems is one of the greatest challenges of the 21st century. In the 10,000 years between the birth of agriculture and 1960, food grain production reached 1 billion tonnes [33]; only 40 years later, it had doubled to 2 billion tonnes. The post-war concerns about the world’s ability to feed itself and the dire predictions of large-scale famines were addressed by the Green Revolution. The dramatic increase in food production was achieved by the development of new technologies such as breeding of high-yielding cultivars of wheat, rice and maize which were dependent on a high input of agrochemicals, fertilisers, pesticides, irrigation systems, mechanical cultivation techniques and fossil fuels.



The EAT-Lancet Commission report [30] drew attention to both the importance of nutrition in optimizing human health and the impact of global food systems on planetary health and called for substantial dietary shifts in order to facilitate the transformation to sustainable food systems delivering healthy diets. A staggering 25% of greenhouse gas emissions, 32% of energy used, 69% of fresh water used, 80% of deforestation and compromised quality of the soil and oceans are the cost of our current food production [7]. The loss of biodiversity negatively influences food security, clean water and raw materials; the cost is borne primarily by the poor and most vulnerable. The way food is produced is emerging as a major threat to development and health [34]; the global food system has crossed several of the “planetary boundaries” (rate of biodiversity loss, amount of nitrogen removed from the atmosphere and climate change) identified as being essential for life on earth to be sustainable [35]. Mono-cropping has resulted in genetic erosion and depletion of soil nutrients.



Over 95% of the food grown in the world is grown in topsoil which is fast disappearing due to soil erosion and degradation; in the USA, soil erosion is estimated to be about 8-fold higher than the rate of soil formation [36]. The rapid loss of topsoil has been suggested to imperil both the quantity and nutrient quality of crops in coming years as well as water quality and carbon retention. Several contributing factors to this loss include removal of vegetation, intensive tilling which removes organic matter and nutrients, wind, drought and the increased and regular use of fertilisers and pesticides. Land degradation and unsustainable soil management practices, including intensive use of synthetic nitrogen fertilisers, have led to the world’s cultivated soils losing 25–75% of their original carbon content; this is lost into the atmosphere and amplifies climate change [37]. Sustainable soil management approaches focus on maintaining carbon rich soils and promoting sequestration of carbon which help mitigate greenhouse gas emissions and food insecurity thus benefitting food production.



Over recent decades, there have been dramatic advances in food handling, preparation and storage, use of insecticides and surveillance of food-related diseases. However, there are new threats that affect farm animals which used to be either rare or restricted such as the outbreaks of bovine spongiform encephalopathy (BSE or mad cow disease) in the 1980s and foot and mouth disease in the 1990s in the UK. The use of antibiotics as growth promotors and in food packaging has seen unprecedented increases in antibiotic resistance. Changes in balance between human food acquisition as a result of decreased hunting and increased farming, the shift to urban living and decreased biodiversity has increased human contact with wildlife and increased the risk of zoonotic disease; it is estimated that over 60% of known infectious diseases and 75% of new infectious diseases come from animals [38]. In addition, there is increasing awareness that foods (and water) are vulnerable to malevolent or deliberate tampering and bioterrorism. Although there have been significant advances in food preservation and packaging, it is evident that food safety issues have the potential to affect trade and are, therefore, subject to political influence. Government actions are usually in favour of the interests of industry, rather than protecting the consumer or public health interests [39].




6. The Influence of the Food Industry


The 2012 PLoS Medicine series about Big Food started with the candid observation that “Global food systems are not meeting the world’s dietary needs” [40]. Food companies are businesses, not public health agencies set up to deliver optimal human nutrition; their allegiance is to their shareholders and their foremost aim is to maximise their profits. This apparent conflict of interests is likely to increase, not decrease, with population growth leading to even greater health disparities.



Modern food systems are ruled by “Big Food”, the huge and powerful transnational food, beverage and supplement companies, which has the primary objective of maximising sales and profits. About 75% of world food sales involve processed foods; ultraprocessed foods account for more than half of the energy intake in high income countries [41]. The foods people have access to and eat are increasingly controlled by surprisingly few transnational corporations. The growth in this market is predominantly in low- and middle-income countries and the food sold has fuelled nutrition transition and displacement of traditional long-established food systems and dietary patterns to highly processed foods which compromise the nutritional quality of the diet and have low satiety potential, high glycaemic responses and promote dysbiosis of the gut microbiota. There is increasing evidence that the powerful and well-resourced food and beverage companies use similar strategies as Big Tobacco to undermine/weaken public health initiatives such as taxation of sugar-sweetened beverages and regulation such as protecting children from targeted advertising [42]. The food industry funds not-for profit community-based opposition groups, funds academic research to support claims, sponsors events for scientific and health organisations, and shapes consumer preferences through aggressive marketing practices. The research studies funded by food companies invariably publish results that benefit the funder and often influence dietary advice [43].



Many forms of food processing are beneficial to health but ultraprocessing creates highly palatable, cheap, ready to eat products that are characteristically energy dense and high in refined starches, sugars, fats, additives and salt, as well as being highly profitable and highly promoted. These products dominate the food supplies of high-income countries, and their consumption in low- and middle-income countries is increasing dramatically and contributing to the patterns of nutritional transition. The tension with which obesity is viewed as a personal responsibility (poor self-control, laziness and personal failing) and the food companies’ emphasis on choice and individual agency, leaving government agencies to promote diet and exercise, results in neutralisation of inconvenient legislation and policies and ignores the impact of the obesogenic environment. It creates a framework of legitimacy for the promotion and consumption of ultraprocessed foods and suggests that with an active lifestyle the food or food industry is part of the solution. The modern response of many food companies (described as Corporate Social Responsibility) to criticism is to engage in activities which encourage people to take up a healthy and active lifestyle. This promotion of fitness presents a marketing platform which is hard to challenge. For instance, the Global Energy Balance Network, sponsored by one of the world’s largest providers of sugar-sweetened beverages, was established as a non-profit organisation purporting to fund research into obesity but insidiously promoting the notion that lack of exercise, not diet, was the main cause of obesity [44]. Public–private partnerships between the food industry and nutritionists imply a shared health goal and suggest a claim that the food is part of the solution to the problem, but this can be a nutrient-based minor modification or reformulation to a product which makes it less bad but creates a health halo.



New Zealand is a major global food and beverage exporter capitalising on exports [45]; the food and beverage industry has a total revenue of NZD 71.7 billion which accounts for 46% of all goods and services exported. Food supply is driven by profit and sometimes by competition between export and national consumption. New Zealand is one of the largest dairy producers in the world, exporting much of its produce overseas. Whereas dairy consumption (milk and yoghurt) accounts for approximately 20% of food costs for a family of four in New Zealand [46], milk in New Zealand is approximately twice as expensive as milk purchased in central London, despite New Zealand’s 20-fold higher production than the UK, per capita.



There is an urgent requirement for nutrition and food technology to be more integrated. Without the input of technological approaches to develop new foods such as those based on novel protein sources such as insects and fungi, it is unlikely that the target of feeding the world population can be met. However, food technologists need to appreciate nutritional physiology and the potential damage to health that might result from the increasing use of food additives that have negative and under-appreciated effects on human health. Recent years have witnessed a major interest in the cellular mechanisms that are associated with the links between dietary intake and a range of human diseases. These links comprise direct effects of nutrient and non-nutrient additives on human cells and, indirectly, on the enormously important microbiome, the composition of which is intimately linked to human health. The microbiota exceed the number of human cells present in the body by approximately 10-fold and play a vital role in several body tissues with a major impact in the human gut.



Understanding the causes and effects of dietary components such as ultraprocessed foods, emulsifiers and non-nutritive (or artificial) sweeteners (NNS) on human health requires an understanding of their direct effects on human cells, as well as on the composition and function of the commensal microflora. Changes in this composition can have an enormous impact, for example, on gut barrier function, and is implicated in a range of human disorders including Crohn’s disease and coeliac disease. An understanding of the interactions between the negative effects of NNS on gut barrier function, gut microbiota composition and other potential pathological effects of these dietary supplements may shed light on their possible involvement in inflammatory bowel disease (IBD) and other gut disorders [47]. Thorough testing of food additives before their approval for use by the food industry should always examine their possible effects on the gut microbiome, a crucial assessment which is very seldom done.



Non-nutritive sweeteners have detrimental effects on metabolism because they increase caloric sugar absorption, interfere with gut microbiota, induce glucose intolerance, disrupt tight junction integrity and gut barrier function and interact with sweet-taste receptors expressed throughout the gut that play a role in glucose absorption and insulin secretion, thus interfering with learned responses that contribute to control of glucose and energy homeostasis. NNS are metabolised in the gut; there are concerns that the metabolites produced may be mutagenic or toxic at high concentrations.



Coeliac disease (CD) is a multifactorial autoimmune disorder in which the ingestion of gluten, in subjects with a genetic predisposition, triggers the movement of gluten peptides through the gut barrier where they evoke an immune response. The incidence of CD is increasing in some countries; this may be influenced by an increased awareness of symptoms and improved diagnosis, but may also result from the involvement of environmental factors other than gluten. The movement of gluten peptides across the epithelial barrier can result from increased transcellular transport of gluten or increased paracellular leakage of gluten through the normally impenetrable tight junctions. Any dietary components that increase these transport processes may be involved in enhancement of the autoimmune response and increased gut pathology. Similarly, dietary components that increase the subepithelial processing of gluten by transglutaminases, or the presentation of the deamidated gluten products to target immune cells, would be expected to enhance the autoimmune response. Microbial transglutaminases, used as food additives to increase water retention and improve food texture, can mimic the antigenic gluten products that trigger CD [48]. Other possible food additives which may be implicated in the increasing incidence of CD include compounds, such as metallic nanoparticles and emulsifiers, which undermine gut barrier integrity and allow otherwise impermeable gut contents to enter the subepithelial space and trigger an immune response [49].



Dietary emulsifiers, used to improve flavour, texture and stability of processed food, have deleterious effects on gut barrier function by increasing intestinal permeability via paracellular and/or transcellular routes, as well as by their mucolytic activity which breaks down the protective mucus layer which covers the gut epithelium. The commonly used emulsifier, polysorbate 80, was shown to increase Escherichia coli translocation across M-cell and Caco2 cell lines [50]. It is speculated that the adoption of more westernised diets containing emulsifiers in a number of countries, such as Japan, might underlie the increased incidence of Crohn’s disease seen over recent years [51]. More recent studies have reported that the commonly used emulsifiers, polysorbate 80 and carboxymethylcellulose, induced changes in the composition of gut microbiota which triggered both inflammation and metabolic syndrome in mice [52]. Accumulating evidence suggests that food additives may similarly contribute to the pathogenesis of inflammatory gut diseases in humans [53,54].



Crohn’s disease is a chronic, idiopathic, inflammatory bowel disease (IBD) of the gut for which there is no cure. Worldwide, the incidence of Crohn’s disease is increasing, and it varies markedly between countries, with Canterbury in New Zealand having one of the highest incidences in the world [55]. The underlying mechanisms of IBD include a genetic predisposition together with an unidentified environmental trigger. Several possible triggers have been suggested including compromised epithelial barrier function leading to increased intestinal permeability, which allows access of commensal bacteria to the submucosa and dysbiosis between harmful and protective bacterial populations [56]. Mycobacterium avium subspecies paratuberculosis (MAP) is the pathogen that causes Johne’s disease in ruminants, which has a strikingly similar pathology to Crohn’s disease [57]. MAP infection, which is common in New Zealand and estimated to cost New Zealand NZD 40-88 million in lost animal production each year, has been repeatedly suggested to be an environmental trigger of Crohn’s disease in humans. Accumulating evidence for the involvement of MAP would explain the high incidence of Crohn’s disease in NZ and suggest a more careful approach to milk refinement and consumption to address the issue that MAP has been repeatedly identified even in pasteurised milk [58], albeit at reduced levels compared with unpasteurised milk.



In recent years, the prevalence of obesity has increased dramatically. Infants, born to obese mothers of low socioeconomic status, who are not breastfed, are more likely to have poor diets and become overweight [7]. It was recently estimated that if breastfeeding could be increased to near-universal levels worldwide, more than 800,000 lives could be saved each year, mostly of children under 5 years of age, as well as more than 20,000 deaths prevented per annum from breast cancer in mothers [59]. Breastfeeding has been correlated with improved intelligence in adulthood [60] which may have positive effects upon adult prosperity and health; exclusively breastfed infants are 14 times less likely to die than babies who are not breastfed. Numerous studies underpin the need for early adoption and continuation of breastfeeding to optimise infant and adult health [61]. Human milk provides optimal nutrition for a neonate with immature digestive, hepatic and renal systems providing not only the essential macronutrients, vitamins and minerals but also non-nutrients including growth factors, hormones and immune factors. It contains over 900 milk proteins [62] which include immune factors such as secretory IgA that are vital to neonatal defence. Secretory IgAs reflect the immune responses that have been raised in the mother to infective challenges, usually in a similar external environment to that in which the infant is born and offer passive immunity by coating the mucosal surfaces of the gut and other mucosae of the immune-deficient neonate. Despite these well-established benefits of breastfeeding to both offspring and maternal health, the food industry in New Zealand and worldwide continues to persuade pregnant and postnatal mothers to avoid breast feeding and purchase their formula milk, despite an inevitable health risk to both mothers and their offspring.




7. The Need for Nutrition Education


Sixty years ago, Muriel Bell identified a lack of satisfactory knowledge of how to choose and prepare foods [4] as one of the main limiting factors of the nutritional well-being of New Zealand’s inhabitants in the 1960s. Today, it is not just a lack of information, it is also the era of misinformation or “fake news” in which the instantaneous communication via the internet can be amplified and sensationalised in a way that makes valid scientific information difficult to identify. Increased nutrition literacy and knowledge are essential to avoid the potential for dramatically deteriorating population health as the food demands of the growing population increase. Nutrition literacy, defined as an individual’s ability to attain, process and understand nutrition information and the skills required to make appropriate nutrition decisions [63], is a vital component of achieving a healthy diet. As well as awareness of nutritional principles, practical skills such as food label reading, assessing portion size and preparing food are essential for health. Every child has the right to good nutrition and a healthy eating environment that supports life-long food preparation skills and acquisition of knowledge-based nutritional competence.



Currently in New Zealand, tertiary qualifications in nutrition are offered from four universities. Predominantly the qualifications offered prepare future graduates for working in dietetics, public health and sports-related roles. There is an urgent need to take a holistic approach and to extend the breadth of nutrition in tertiary education which will allow students to combine the study of nutrition with disciplines which are fundamental to an integrated nationwide approach to improve the nutrition of the population, to consider the health implications of foods being developed for national consumption and export and the repercussions for sustainable production of food. Furthermore, tertiary education qualifications in any subject related to food such as agriculture, horticulture, soil science, engineering and food technology, product development, business studies, entrepreneurship or economics should include nutrition. A review of the number of graduates aware of nutrition and able to play a role in the many different and fast changing areas related to sustainable food production is important. New Zealand already has a low density of nutrition professionals: 14.1 per 100,000 of population which is markedly below that of the UK and USA and almost half of the number in Australia [64]. It is essential that both the tertiary education and continuing professional development offerings for the employees in the food- and health-related sectors include basic nutrition and continual updating.




8. Conclusions


New Zealand is a significant food producer, and many New Zealanders are employed in food-related industries, as well as in health-related occupations. A coherent and coordinated national food policy is required in New Zealand to ensure all components of food systems are optimised and that strategies to address the global syndemic of malnutrition and climate change are prioritised. Such an approach would integrate policies relating to agriculture, social programmes to reduce food insecurity and hunger, education, food regulation and safety, trade and science research.



Muriel Bell was the only state nutritionist ever and a formidable campaigner who styled herself as “Battle-Axe Bell” [2]. Today, more than ever, New Zealand needs a state advocate or advocacy structure for nutrition. The voice of nutrition in New Zealand is alarmingly quiet. There have been several noteworthy international nutrition initiatives over recent years; even the UN Decade for Action on Nutrition (2016–2025) began with almost no comment or consideration in New Zealand, other than a couple of press releases from universities. New Zealand needs an independent nutrition sector that the public can rely on to explain why nutrition conclusions and recommendations change and why this is a sign of a healthily evolving scientific discipline like any other branch of medicine. A nutritional advocacy organisation could provide the infrastructure and an authoritative voice to ensure nutrition was considered in everything that affects public and planetary health such as trade and policy investments, and to provide leadership to ensure integrity, insight and inspiration in the conduct of food and nutrition collaborations in the public, non-profit and private sectors. Nutrition has never faced greater challenges; nutritionists in New Zealand should be well-placed to address them.







Author Contributions


J.C. presented this work as the Muriel Bell lecture at the 2019 meeting of the New Zealand Nutrition Society; J.C. and K.P. wrote the paper and approved the final draft jointly. Both authors have read and agree to the published version of the manuscript.




Funding


This research received no external funding.




Acknowledgments


The funds to publish in the journal Nutrients were awarded as part of the 2019 Muriel Bell award by the Nutrition Society of New Zealand. We would like to thank JL Weber, K Schraders and R Pedley for their valuable feedback.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Nutrition Society of New Zealand. Rules of the Nutrition Society of New Zealand Incorporated. 2017. Available online: http://assets.nutritionsociety.ac.nz/Downloads/NSNZ-Membership-Rules.pdf (accessed on 7 October 2020).

	



Brown, D. The Unconventional Career of Dr Muriel Bell; Otago University Press: Dunedin, New Zealand, 2018; ISBN 978-1-98-853130-4. [Google Scholar]

	



Funk, C. The etiology of the deficiency diseases. J. State Med. 1912, 20, 341–368. [Google Scholar]

	



Bell, M.E. Nutrition in New Zealand: Forty Years’ History, 1920–1960; John McIndoe: Dunedin, New Zealand, 1962. [Google Scholar]

	



Bell, M.E. Normal Nutrition: Notes for Nurses; John McIndoe: Dunedin, New Zealand, 1969. [Google Scholar]

	



Ridgway, E.; Baker, P.; Woods, J.; Lawrence, M. Historical developments and paradigm shifts in public health nutrition science, guidance and policy actions: A narrative review. Nutrients 2019, 11, 531. [Google Scholar] [CrossRef] [PubMed]

	



Mozaffarian, D. Dietary and policy priorities to reduce the global crises of obesity and diabetes. Nat. Food 2020, 1, 38–50. [Google Scholar] [CrossRef]

	



Prescott, S.L.; Logan, A.C. Planetary Health: From the Wellspring of Holistic Medicine to Personal and Public Health Imperative. Explore 2019, 15, 98–106. [Google Scholar] [CrossRef] [PubMed]

	



Popkin, B.M.; Corvalan, C.; Grummer-Strawn, L.M. Dynamics of the double burden of malnutrition and the changing nutrition reality. Lancet 2020, 395, 65–74. [Google Scholar] [CrossRef]

	



Swinburn, B.A.; Kraak, V.I.; Allender, S.; Atkins, V.J.; Baker, P.I.; Bogard, J.R.; Brinsden, H.; Calvillo, A.; De Schutter, O.; Devarajan, R.; et al. The Global Syndemic of Obesity, Undernutrition, and Climate Change: The Lancet Commission report. Lancet 2019, 393, 791–846. [Google Scholar] [CrossRef]

	



Myers, S.S.; Zanobetti, A.; Kloog, I.; Huybers, P.; Leakey, A.D.; Bloom, A.J.; Carlisle, E.; Dietterich, L.H.; Fitzgerald, G.; Hasegawa, T.; et al. Increasing CO2 threatens human nutrition. Nature 2014, 510, 139–142. [Google Scholar] [CrossRef]

	



Hummer, K.E. In the footsteps of Vavilov: Plant diversity then and now. HortScience 2015, 50, 784–788. [Google Scholar] [CrossRef]

	



FAO. Women: Users, Preservers and Managers of Agrobiodiversity. 1999. Available online: http://www.fao.org/3/x0171e/x0171e03.htm (accessed on 30 September 2020).

	



World Food Programme and World Health Organization. The State of Food Security and Nutrition in the World; Food and Agriculture Organization of the United Nations: Rome, Italy, 2019. [Google Scholar]

	



UNICEF. The State of Food Security and Nutrition in the World 2020; Transforming Food Systems for Affordable Healthy Diets 2020; Food and Agriculture Organization of the United Nations: Rome, Italy, 2020. [Google Scholar]

	



Byerlee, D.; Fanzo, J. The SDG of zero hunger 75 years on: Turning full circle on agriculture and nutrition. Glob. Food Secur. 2019, 21, 52–59. [Google Scholar] [CrossRef]

	



FAO. Tracking Progress on Food and Agriculture-Related SDG Indicators 2020; Food and Agriculture Organization of the United Nations: Rome, Italy, 2020; Available online: http://www.fao.org/sdg-progress-report/en/ (accessed on 19 September 2020).

	



Wang, Y.; Wang, J. Modelling and prediction of global non-communicable diseases. BMC Public Health 2019, 20, 822. [Google Scholar] [CrossRef]

	



Perry, B. Household Incomes in New Zealand: Trends in Indicators of Inequality and Hardship 1982 to 2018; Ministry of Social Development: Wellington, New Zealand, 2019.

	



Rashbrooke, M. New Zealand’s Astounding Wealth Gap Challenges Our ‘Fair Go’ Identity. The Guardian. 2020. Available online: https://www.theguardian.com/world/2020/aug/31/new-zealands-astounding-wealth-gap-challenges-our-fair-go-identity (accessed on 5 October 2020).

	



Pickett, K.E.; Wilkinson, R.G. Income inequality and health: A causal review. Soc. Sci. Med. 2015, 128, 316–326. [Google Scholar] [CrossRef]

	



Wilkinson, R.G.; Pickett, K. The Spirit Level: Why Equality Is Better for Everyone; Penguin Books: London, UK, 2009. [Google Scholar]

	



Rashbrooke, M. Wealth and New Zealand; Bridget Williams Books: Wellington, New Zealand, 2015; ISBN 9780908321575. [Google Scholar]

	



Tudge, C. Can we really ‘feed the world’ and keep the biosphere healthy and diverse? Biodiversity 2017, 18, 64–67. [Google Scholar] [CrossRef]

	



Roser, M.; Ritchie, H.; Ortiz-Ospina, E. World Population Growth 2013, Revised 2019. Available online: https://ourworldindata.org/world-population-growth (accessed on 7 October 2020).

	



Vollset, S.E.; Goren, E.; Yuan, C.W.; Cao, J.; Smith, A.E.; Hsiao, T.; Bisignano, C.; Azhar, G.S.; Castro, E.; Chalek, J.; et al. Fertility, mortality, migration, and population scenarios for 195 countries and territories from 2017 to 2100: A forecasting analysis for the Global Burden of Disease Study. Lancet 2020, 396, 1285–1306. [Google Scholar] [CrossRef]

	



FAOSTAT. Food and Agriculture Organization of the United Nations. 2020. Available online: http://www.fao.org/faostat/en/#data/QC (accessed on 7 October 2020).

	



Clements, K.W.; Si, J.W. Engel’s law, diet diversity, and the quality of food consumption. Am. J. Agric. Econ. 2018, 100, 1–22. [Google Scholar] [CrossRef]

	



Berners-Lee, M.; Kennelly, C.; Watson, R.; Hewitt, C.N. Current global food production is sufficient to meet human nutritional needs in 2050 provided there is radical societal adaptation. Elem. Sci. Anth. 2018, 6, 1–14. [Google Scholar] [CrossRef]

	



Willett, W.; Rockström, J.; Loken, B.; Springmann, M.; Lang, T.; Vermeulen, S.; Garnett, T.; Tilman, D.; DeClerck, F.; Wood, A. Food in the Anthropocene: The EAT–Lancet Commission on healthy diets from sustainable food systems. Lancet 2019, 393, 447–492. [Google Scholar] [CrossRef]

	



High Level Panel of Experts (HLPE) on Food Security and Nutrition of the Committee on World Food Security. Food Losses and Waste in the Context of Sustainable Food Systems; Committee on World Food Security: Rome, Italy, 2014. [Google Scholar]

	



Goodman-Smith, F.; Mirosa, M.; Skeaff, S. A mixed-methods study of retail food waste in New Zealand. Food Policy 2020, 92, 101845. [Google Scholar] [CrossRef]

	



Khush, G.S. Green revolution: The way forward. Nat. Rev. Genet. 2001, 2, 815–822. [Google Scholar] [CrossRef]

	



Springmann, M.; Clark, M.; Mason-D’Croz, D.; Wiebe, K.; Bodirsky, B.L.; Lassaletta, L.; De Vries, W.; Vermeulen, S.J.; Herrero, M.; Carlson, K.M.; et al. Options for keeping the food system within environmental limits. Nature 2018, 562, 519–525. [Google Scholar] [CrossRef]

	



Rockström, J.; Steffen, W.; Noone, K.; Persson, Å.; Chapin, F.S.; Lambin, E.F.; Lenton, T.M.; Scheffer, M.; Folke, C.; Schellnhuber, H.J.; et al. A safe operating space for humanity. Nature 2009, 461, 472–475. [Google Scholar] [CrossRef]

	



Ghabbour, E.A.; Davies, G.; Misiewicz, T.; Alami, R.A.; Askounis, E.M.; Cuozzo, N.P.; Filice, A.J.; Haskell, J.M.; Moy, A.K.; Roach, A.C.; et al. National comparison of the total and sequestered organic matter contents of conventional and organic farm soils. Adv. Agron. 2017, 146, 1–35. [Google Scholar] [CrossRef]

	



FAO. Recarbonization of Global Soils; Food and Agriculture Organization of the United Nations: Rome, Italy, 2019. [Google Scholar]

	



Centers for Disease Control and Prevention (CDC). Zoonotic Diseases. 2020. Available online: https://www.cdc.gov/onehealth/basics/zoonotic-diseases.html (accessed on 13 September 2020).

	



Nestle, M. Safe Food: The Politics of Food Safety; University of California Press: Berkeley, CA, USA, 2010; ISBN 9780520266063. [Google Scholar]

	



Stuckler, D.; Nestle, M. Big food, food systems, and global health. PLoS Med. 2012, 9, e1001242. [Google Scholar] [CrossRef]

	



Monteiro, C.A.; Cannon, G.; Levy, R.B.; Moubarac, J.C.; Louzada, M.L.C.; Rauber, F.; Khandpur, N.; Cediel, G.; Neri, D.; Martinez-Steele, E.; et al. Ultra-processed foods: What they are and how to identify them. Public Health Nutr. 2019, 22, 936–941. [Google Scholar] [CrossRef]

	



Gostin, L.O. “Big Food” Is Making America Sick. Milbank Q. 2016, 94, 480–484. [Google Scholar] [CrossRef]

	



Nestle, M. Unsavory Truth: How Food Companies Skew the Science of What We Eat; Basic Books: New York, NY, USA, 2018; ISBN 9781541697119. [Google Scholar]

	



Serodio, P.; Ruskin, G.; McKee, M.; Stuckler, D. Evaluating Coca-Cola’s attempts to influence public health ‘in their own words’: Analysis of Coca-Cola emails with public health academics leading the Global Energy Balance Network. Public Health Nutr. 2020, 23, 2647–2653. [Google Scholar] [CrossRef]

	



Coriolis. Investor’s Guide to the New Zealand Food & Beverage Industry; Ministry of Business, Innovation & Employment: Wellington, New Zealand, 2020.

	



Department of Human Nutrition, University of Otago. Information Package for Users of the New Zealand Estimated Food Costs 2019; Food Cost Survey, Smith, C., Eds.; University of Otago: Dunedin, New Zealand, 2019; Available online: http://hdl.handle.net/10523/9819 (accessed on 4 September 2020).

	



Chassaing, B.; Gewirtz, A.T. Not so Splendid for the Gut Microbiota. Inflamm. Bowel. Dis. 2018, 24, 1055–1056. [Google Scholar] [CrossRef]

	



Aaron, L.; Torsten, M. Microbial transglutaminase: A new potential player in celiac disease. Clin. Immunol. 2019, 199, 37–43. [Google Scholar] [CrossRef]

	



Mancuso, C.; Barisani, D. Food additives can act as triggering factors in celiac disease: Current knowledge based on a critical review of the literature. World J. Clin. Cases 2019, 7, 917–927. [Google Scholar] [CrossRef]

	



Roberts, C.L.; Keita, A.V.; Duncan, S.H.; O’Kennedy, N.; Söderholm, J.D.; Rhodes, J.M.; Campbell, B.J. Translocation of Crohn’s disease Escherichia coli across M-cells: Contrasting effects of soluble plant fibres and emulsifiers. Gut 2010, 59, 1331–1339. [Google Scholar] [CrossRef]

	



Roberts, C.L.; Rushworth, S.L.; Richman, E.; Rhodes, J.M. Hypothesis: Increased consumption of emulsifiers as an explanation for the rising incidence of Crohn’s disease. J. Crohn’s Colitis 2013, 7, 338–341. [Google Scholar] [CrossRef]

	



Chassaing, B.; Koren, O.; Goodrich, J.K.; Poole, A.C.; Srinivasan, S.; Ley, R.E.; Gewirtz, A.T. Dietary emulsifiers impact the mouse gut microbiota promoting colitis and metabolic syndrome. Nature 2015, 519, 92–96. [Google Scholar] [CrossRef] [PubMed]

	



Sugihara, K.; Morhardt, T.L.; Kamada, N. The Role of Dietary Nutrients in Inflammatory Bowel Disease. Front. Immunol. 2019, 9, 3183. [Google Scholar] [CrossRef]

	



Cao, Y.; Liu, H.; Qin, N.; Ren, X.; Zhu, B.; Xia, X. Impact of food additives on the composition and function of gut microbiota: A review. Trends Food Sci. Technol. 2020, 99, 295–310. [Google Scholar] [CrossRef]

	



Ng, S.C.; Shi, H.Y.; Hamidi, N.; Underwood, F.E.; Tang, W.; Benchimol, E.I.; Panaccione, R.; Ghosh, S.; Wu, J.C.Y.; Chan, F.K.L.; et al. Worldwide incidence and prevalence of inflammatory bowel disease in the 21st century: A systematic review of population-based studies. Lancet 2017, 6736, 1–10. [Google Scholar] [CrossRef]

	



Manichanh, C.; Rigottier-Gois, L.; Bonnaud, E.; Gloux, K.; Pelletier, E.; Frangeul, L.; Nalin, R.; Jarrin, C.; Chardon, P.; Marteau, P.; et al. Reduced diversity of faecal microbiota in Crohn’s disease revealed by a metagenomic approach. Gut 2006, 55, 205–211. [Google Scholar] [CrossRef]

	



Chacon, O.; Bermudez, L.E.; Barletta, R.G. Johne’s disease, inflammatory bowel disease, and Mycobacterium paratuberculosis. Annu. Rev. Microbiol. 2004, 58, 329–363. [Google Scholar] [CrossRef]

	



Eltholth, M.M.; Marsh, V.R.; Van Winden, S.; Guitian, F.J. Contamination of food products with Mycobacterium avium paratuberculosis: A systematic review. J. Appl. Microbiol. 2009, 107, 1061–1071. [Google Scholar] [CrossRef]

	



Victora, C.G.; Bahl, R.; Barros, A.J.D.; França, G.V.A.; Horton, S.; Krasevec, J.; Murch, S.; Sankar, M.J.; Walker, N.; Rollins, N.C.; et al. Breastfeeding in the 21st century: Epidemiology, mechanisms, and lifelong effect. Lancet 2016, 387, 475–490. [Google Scholar] [CrossRef]

	



Victora, C.G.; Horta, B.L.; de Mola, C.L.; Quevedo, L.; Pinheiro, R.T.; Gigante, D.P.; Gonçalves, H.; Barros, F.C. Association between breastfeeding and intelligence, educational attainment, and income at 30 years of age: A prospective birth cohort study from Brazil. Lancet Glob. Health 2015, 3, e199–e205. [Google Scholar] [CrossRef]

	



Sankar, M.J.; Sinha, B.; Chowdhury, R.; Bhandari, N.; Taneja, S.; Martines, J.; Bahl, R. Optimal breastfeeding practices and infant and child mortality: A systematic review and meta-analysis. Acta Paediatr. 2015, 104, 3–13. [Google Scholar] [CrossRef]

	



Gao, X.; McMahon, R.J.; Woo, J.G.; Davidson, B.S.; Morrow, A.L.; Zhang, Q. Temporal changes in milk proteomes reveal developing milk functions. J. Proteome Res. 2012, 11, 3897–3907. [Google Scholar] [CrossRef]

	



Velardo, S. The Nuances of Health Literacy, Nutrition Literacy, and Food Literacy. J. Nutr. Educ. Behav. 2015, 47, 385–389. [Google Scholar] [CrossRef]

	



World Health Organization. Nutrition Landscape Information System (NLiS). 2020. Available online: https://www.who.int/data/nutrition/nlis/country-profile (accessed on 2 October 2020).








[image: Nutrients 12 03433 g001 550] 





Figure 1. Gini score (x100) for total income before and after taxes and transfers in New Zealand. Between 1960–1990, there was little change in inequality followed by a steep rise which was associated with income tax and benefit changes. Reproduced with permission from [19]. Copyright Ministry of Social Development, New Zealand, 2019. 
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Figure 2. Annual average disposable incomes for 4 groups in New Zealand shown in 2012 NZD equivalents and adjusted for inflation rates. Steep rises for the richest 1% contrast with very small increases for the poorest 10%. Reproduced with permission from [23]. Copyright Bridget William Books, Wellington, New Zealand, 2015. 
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Figure 3. Relationship between income inequality versus health and social problems in wealthy countries. Income inequality is measured as the ratio of incomes between the richest 20% and poorest 20% in each country. Data are based on life expectancy, mental illness, obesity, infant mortality, teenage births, homicides, imprisonment, educational attainment, distrust and social mobility. Raw scores for each variable were converted to z-scores and each country given its average z-score. Reproduced with permission from [23]. Copyright Penguin Books, 2009. 






Figure 3. Relationship between income inequality versus health and social problems in wealthy countries. Income inequality is measured as the ratio of incomes between the richest 20% and poorest 20% in each country. Data are based on life expectancy, mental illness, obesity, infant mortality, teenage births, homicides, imprisonment, educational attainment, distrust and social mobility. Raw scores for each variable were converted to z-scores and each country given its average z-score. Reproduced with permission from [23]. Copyright Penguin Books, 2009.



[image: Nutrients 12 03433 g003]













	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).






nav.xhtml


  nutrients-12-03433


  
    		
      nutrients-12-03433
    


  




  





media/file5.png
Worse

Index of health and social problems

Better

® Finland

Norway *

* Japan

Portugal *

*New Zealand
Australia »

k-2
Belgium
Netherlands

* USA

Low

Income inequality

|
High





media/file3.png
Richest 10% = =Middle - —Poorest 10%

Richest 1%

1102
5102
z102
1102
0102
6002
£007
 $00Z
1002
8661
9661
7661
2661
0661
8861
9861
 v861

/

450
400

2 8 8 8 8
M MM N N

100

($ puesnoyj) awooul [enuuy





media/file1.png
)

I 18-65 yr olds
Less equal 45 -
AT T s - I”\\ oot
S Tt VTS
Q@ 35
More equal 3
w
£
O
25 - -e- before taxes and transfers
-eo— after taxes and transfers
15 -

1980 1985 1990 1995 2000 2005 2010 2015 2020
OECD year





media/file4.jpg
Worse [

Index of health and social problems

“usA

Income inequality

High





media/file0.jpg
1

Lessoqual 45
s
g
235
g
3
z
[
25 e before taxes and transfers
- after taxes and transfers
15

1980 1985 1990 1995 2000 2005 2010 2015 2020
OECD year





media/file2.jpg
— =Middle - —Poorest 10%

Richest 10%

Richest 1%

[ v102
510z
| 2102
| Loz
| ot0z
| 600z
| o0z

100z
| 661
| 9661
| 661
| z661
| o661
wmmm_.
mem_.
ve6L

450

400

350

2 g
2 g

3
2 & R

($ puesnoyy) awod






