
un
cor

rec
ted

pro
of

ver
sio

n

International Journal of Risk & Safety in Medicine 1 (2022) 1–16 1
DOI 10.3233/JRS-227007
IOS Press

Obesity and immune system impairment:
A global problem during the COVID-19
pandemic

Rosa Mancaa,∗, Francisco Bombillarb, Chester Glomskic and Alessandra Picaa
aDepartment of Biology, University of Naples Federico II, Naples, Italy
bDepartment of Administrative Law, University of Granada, Granada, Spain
cDepartment of Pathology and Anatomical Sciences, Jacobs School of Medicine, State University of
New York, Buffalo, NY, USA

Received 16 September 2021
Accepted 29 December 2021

Abstract.
BACKGROUND: The production of healthy and nutritious food, in an ecologically sustainable and safe way, has become one
of the great ethical issues of our time. The recent G 20 urged the “promotion and work on the social determinants of health to
address other critical health issues such as food and nutrition”.
OBJECTIVE: The aim of this work is to analyze the current scientific literature regarding the role of obesity in the severe
COVID-19 outcomes. In the light of the indications of the G20, the main causes of obesity are examined, and lifestyles are
suggested with particular regard to proper nutrition in order to prevent/treat overweight since childhood.
METHODS:Multidisciplinary work, in which the biological and legal perspectives provide a meta-legal analysis of the obesity
problem.
RESULTS: Unhealthy habits induce metabolic imbalance and increase in the body weight promoting obesity. This condition is
the result of many factors (genetic predisposition, social position and “junk food” consumption) and is associated with a high
risk of diseases, among them exacerbations from viral respiratory infections, including the current COVID-19 pandemic.
CONCLUSIONS : The industrial food revolution changed our eating habits, leading to production of too much unhealthy food,
absent in ancient diet, thus contributing to the onset of some disorders. The business of food industry should be downsized in
favor of morally or ethically fair choices for consumers and for the well-being of society, together with an ethical food distribution,
governmental food education programs, and balanced oversight of food production.

Keywords: Obesity, ethics of food production, health nutrition, COVID-19, public health legislation

1. Introduction

The recent G20 recommended the “promotion and work on the social determinants of health to address
other critical health issues such as non-communicable diseases, mental health and food and nutrition”. In
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line with these directives, it is necessary to pay attention on always more emerging obesity in the world,
which causes compromission of health status and tendency to morbidity.

One of the great ethical issues of our time is how we provide plentiful, healthy and nutritious food
for all, in an environmentally sustainable and safe manner, while addressing the multiple problems of
overweight and obesity and micronutrient deficiencies.

Obesity is a pathological condition associated with a high body mass index (BMI, calculated as weight
in kilograms divided by height in meters squared) and with a high waist circumference (≥102 cm for
men and ≥88 cm for women) [1]. However, abdominal fat, independent of BMI, was found to be the
cause of the systemic inflammation that contributes to chronic disease and to increase the risk of various
cancer [2]. Poor diet, low levels of physical activity, and high levels of sedentary activities are risk factors
for obesity [1,3]. Moreover, studies suggest that obesity is associated with poorer immune response and
outcomes in patients with respiratory diseases [4].

Although overweight results from consuming more calories than expended through physical activity,
the reality is much more complicated. Unhealthy habits and hypercaloric nutrition result in metabolic
imbalance and increase in the body weight promoting obesity [4]. Some of the latter is a result of the
onset of “food swamps”, which are areas with a high-density of establishments selling high-calorie fast
food and junk food [5]. The term “junk food” describes food and drinks low in nutrients and high in
calories, saturated fat, added sugar and/or added salt.

Some individuals have a genetic predisposition to obesity. However, research regarding the interaction
between gene expressions and life style have revealed that the environment can amplify genetic risk for
obesity and related morbidities. However, this risk can be mitigated by increasing physical activity and
by health nutrition [6]. Human metabolism is influenced by genetic factors, but food is able to modulate
their expression, thereby influencing the status of health and/or diseases [7].

In the present study, the analysis of the current scientific literature regarding the role of obesity in the
severe COVID-19 outcomes was conducted. In the light of the indications of the RomeDeclaration [8], the
main causes of obesity are examined and lifestyles are suggested with particular regard to proper nutrition
in order to prevent/treat overweight since childhood.

2. Childhood obesity begins in prenatal life

The incidence of childhood obesity has dramatically increased in recent decades and the percentage of
obese children in the United States has more than tripled since the 1970s and currently is increasing in
other countries such as China [10].

The primary cause of childhood obesity lies in maternal nutrition during pregnancy. In fact, inadequate
pre-natal maternal nutrition leads to more vulnerable children [8,10]. For mothers-to-be who consult a
doctor about pregnancy, body weight is examined as an indicator for the future health of their child-to-
be [11]. Obesity in pregnancy is associated with an increased risk of early pregnancy loss, prematurity,
fetal anomalies, fetal macrosomia and low birth weight, gestational diabetes, hypertension, cesarean
delivery, and postpartum weight retention [12].

Obesity and overweight in childhood are associated to the onset of severe pathologies in the short
term and in the long term. In the short term, obese children are predisposed to psychological disorders,
such as depression [12,13] and to physical disorders, such as asthma, systemic inflammation and various
metabolic diseases [14]. In the long term, overweight in childhood is associated to the onset of the
same severe pathologies in adulthood, such as cardiovascular diseases, diabetes, some cancers, and
musculoskeletal disorders [15].
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Since the reduce body weight is very difficult to accomplish once obesity is established, the prevention
of obesity in children is not to be underestimated [10]. Moreover, early prevention of overweight and
obesity results in the best choice to preserve health in adulthood and in old age [15].

3. Geographical prevalence of overweight and obesity

Overweight and obesity are associated with more deaths worldwide, rather than with underweight. In
fact, globally there are more people, who are obese, than underweight: this occurs in every region, except
parts of sub-Saharan Africa and Asia [16]. The population’s diets are influenced by food availability,
traditions, and socio-economic status [17], but common dietary patterns have seen a rapid shift from
vegetable-based diets to diets with a higher proportion of energy from animal-source foods, added sugars
and fats [16,18]. In 2018, an estimated 40 million children, aged 1-5 years, were overweight or obese.
Once considered a high-income-country problem, overweight and obesity are now increasing in the low-
and middle-income countries, particularly in urban settings. The worldwide prevalence of obesity has
doubled since 1980 and a third of the world’s population is now classified as overweight or obese. Already,
in 2008 Kelly et al. expected that 57.8% of the world population will be overweight or obese by the year
2030 if the current trends continue [19]. In 2017, the Institute for HealthMetrics and Evaluation estimated
that America and Europe were the two regions with the highest prevalence of overweight and obesity. In
the Americas the prevalence of obesity increased from 12.9% in 1980 to 28.3% in 2015. In European
region the prevalence of obesity increased from 14.5% in 1980 to 22.9% in 2015 [20]. The increase in the
prevalence of obesity was observed also in developing countries, such as Nigeria, India and Bangladesh,
mainly due to rapid changes in socioeconomic status and demographics, the adoption of an energy- and
fat-rich diet and a sedentary lifestyle [21]. In some areas of Africa, the number of overweight children
increased by nearly 50 per cent since 2000 [10]. In Europe, the highest proportions of overweight and
obese children were observed in southern Italy (boys, 40.7%; girls 43.1%), followed by Cyprus and Spain,
demonstrating that the several risk factors (i.e. physical activity and unhealthy diet) for childhood obesity
are most prevalent in Mediterranean populations [22].

Currently the world population is paradoxically divided between populations that waste food and
populations that suffer from hunger. In fact, some countries, such as the UK, the USA and Europe, produce
nearly twice as much food as is required for the nutritional needs of their populations [23]. The enormous
global food wastage results in a number of ethically questionable implications.

4. The bad eating habits of our time (fast food and junk food vs slow food)

Currently characteristics of food, such as quickness of intake, practicality, flavor, cheapness, occasion
for relationship with others, condition food choices. However, this often causes the intake of incorrect food
behaviors: poor hygiene, distortion of food rhythms, intake of high-calories, incorrect eating behaviors.
The fear of not having time is often the basis for not have a breakfast. This trend is more widespread
among young women and among obese subjects [24]. Due to the fast-working rhythms, eating snacks or
quick meals at fast food restaurants are preferred. The most chosen menu consists of junk food (stuffed
and tasty bread and high-calorie meals with a low intake of folic acid, vitamins, and minerals). Excessive
intake of this type of foods leads to “fast food disease”, that is introduction of high calorie foods with
low satiating effects, saturated fatty acids, cholesterol and salt with repercussions on raising the average
plasma cholesterol levels at a young age and increase in obesity cases [25]. On the other hand, slower
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eating increases satiety thus decreasing the food intake [26]. Young people are tempted to buy junk food,
because it is very cheap and accessible to all [27]. In fact, low socioeconomic status is one of the strongest
risk factors for developing obesity [28].

Children are the main consumers of fast food. They are strongly influenced by TV food advertising,
which is a significant factor in our “obesogenic” environment [29]. Moreover, maternal “junk food” diet
during pregnancy and pre-pregnant overweight can influence high infant birthweight [30].

5. The role of food in our health

The food choices are not “innocent” but have great implications, of which we are not always aware. Our
consumption and our food choices have repercussions on the environment and irreparably on the future
generations [25].

“Let the food be the medicine and medicine be the food” wrote Hippocrates in the 5th century B.C.
Diet plays a significant role in shaping human health and disease. The term nutraceutical (nutrition and
pharmaceutical), coined in 1989 by Stephen De Felice, indicated that it referred to a food or extract of
food providing health benefits, including the prevention and/or treatment of a disease [31].

Many studies agree on the fundamental role of nutrition on the pathogenesis of various diseases. The
increasingly frequent development of degenerative diseases is associated with the daily intake of industrial
food. Hence, food has a dual role: it can prevent/cure or promote various pathologies.

The intake of nuts and seeds, seafood omega-3 fats, vegetables, fruit, polyunsaturated fats are strongly
recommended to maintain health [3,17]. With the increasing awareness of the nutraceutical properties of
various foods, many authors have come to the conclusion that proper nutrition includes foods that can
prevent or cure diseases. Most of nutraceuticals have antioxidant activity with the ability to counteract
several pathologies [32]. On the other hand, nutrition determines the subject’s blood quality because all
the products absorbed in the intestine are delivered to the blood. The normalcy or lack thereof of an
individual’s blood is one of the principal factors that determines the onset of pathologies.

6. The role of food in endocrine system

Malnutrition represents the main cause of ipo- or infertility [33]. Both overweight and obesity exert an
influence upon multiple human body functions including reproductive environment. Worldwide, fertility
problems due to male or female factors affects 10% to 15% of all couples [33]. Lifestyle, including food
intake, has consistently been associated with fertility problems. Fast food and dairy protein intake is
associated with a longer time to pregnancy and infertility. In fact, fast foods are rich in saturated and
polyunsaturated fats and are correlated with reduced numbers of mature oocytes in women [34]. The
adipose tissue acts as endocrine organ and releases a number of bioactive molecules (adipokines) that
interact with multiple molecular pathways by inducing insulin resistance, inflammation, hypertension,
cardiovascular risk, oocyte maturation and male infertility [5,35]. Other reproductive function, such as
endometrial implantation and miscarriage rate can be affected in obese women. On the other hand, weight
loss and modification of lifestyle in obese women have demonstrated efficacy in restoring menstrual
cyclicity and ovulation and improving the likelihood of conception [5]. Moreover, the weight loss allows
improvement of endocrine parameters (decrease of free testosterone, and luteinizing hormone and insulin
levels) and the normalization of ovulation frequency [36].
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Correct eating habits (consumption of whole grains, omega-3 fatty acids, olive oil, fish along with a
reduced consumption of trans fats and red meat) may improve overall health and boost fecundity [37]. In
addition, multivitamin and folic acid daily intake before and during pregnancy may prevent birth defects
and improve the chance of achieving and maintaining a pregnancy [38]. Nevertheless, the presence of
high pesticide residues in fruits and vegetables might modify the beneficial effects of these ideal foods on
reproductive success [39].

During infections the predisposition of patients is important, in addition to their state of health and
nutrition. Adipose tissue plays a role in health status as an endocrine source of adipokines. The altered
secretion of adipokines seems to participate in the pathogenesis of obesity-related diseases, including
endothelial dysfunction, inflammation, atherosclerosis and several lung diseases such as chronic obstruc-
tive pulmonary disease [40]. Adiponectin and ω-3 polyunsaturated fatty acids reduce the production of
pro-inflammation interleukin 6 and of other factors, thus preventing the lung inflammation that occurs
following some infections. Due to this reduction, the modulation of adiponectin levels can be considered
an important way to reduce cytokines levels and the adverse effects related to the current COVID-19
infection [41]. Moreover, the dysregulated secretion of adipocytokines, as well as the increased secretion
of proinflammatory cytokines leads to an infiltration of inflammatory immune cells in adipose tissue [42].
These obesity-induced metabolic inflammatory processes, termed “metaflammation”, is associated with
dysfunctions of immune cells [43] and with onset of several diseases [44].

7. The false myths of healthy nutrition

Various researchers have analyzed the relationships of unhealthy diets (high sodium, low nuts/seeds,
high processed meats, low seafood omega-3 fats, low vegetables, low fruits, and high sugar-sweetened
beverages) with heart disease, stroke, and type 2 diabetes, by considering age, sex, ethnicity, and education
of the patients. Nearly half of all the deaths in the United States in 2012 appeared to be caused by
cardiometabolic diseases associated with bad eating habits such as the above diets [45].

Many authors attributes to cow’smilk the promotion of a great number of pathologies and the absence of
protection from osteoporosis and bone fractures [46–48]. Currently, milk/dairy products have been widely
recommended to menopausal women and to children. However, it seems that the excessive consumption of
dairy products favors the onset of osteoporotic fracture. Aslam et al. [49] demonstrated that women who
consumed ≥800 g/d of dairy products showed higher risk for osteoporotic fracture compared with women
consuming moderate levels. Unfortunately, cow’s milk is now widely consumed daily by many people
worldwide, well beyond the infancy, although there is often an unrecognized intolerance, which leads to
the manifestation of various autoimmune disorders due to lactose or casein intolerance, as well as of type
1 diabetes [50]. Moreover, milk intake may influence and anticipate the timing of menarche in girls [49].
Additionally, milk consumption may promote the onset of cancer, especially hormonal cancer (prostate,
endometrial, ovarian and breast cancers) due to high level of contained hormones (such as insulin-like
growth factor-1 and estrogens) which are able to permit the rapid growth of veal calves and heifers destined
to be dairy cows [51]. Nevertheless, the evaluation of breast cancer risk related to nutrition may be difficult
to establish due to the interactions among milk/dairy products and other nutrients, which in turn can
promote or inhibit carcinogenesis [52].

If on one hand industrial food improved the hygienic safety of its products, it is still recognized,
on the other hand, that its methodology utilizes many additives such as maltodextrin, glucose syrup,
salt, emulsifiers, organic solvents, gluten, microbial transglutaminase and nanoparticles to improve food
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texture, consistency and color. In this regard it is well known that the aforementioned additives increase
intestinal permeability, leading to multiple autoimmune diseases [53]. Gluten intake also correlates with
autoimmune diseases as demonstrated in vitro and in vivo studies. Gluten, a complex of proteins, is a
major food additive in the “modern” wheat, used by food industry, for its visco-elastic and proteinaceous
properties, capable of retaining gas bubbles [54]. A great deal of evidences has demonstrated that gluten
displays multiple side effects such as increased intestinal permeability, and microbiome alterations that
trigger autoimmune diseases (e.g., celiac disease [a condition characterized by anti-tissue transglutami-
nase and endomysial antibodies] and inflammatory bowel disease). One of the main gluten inflammatory
agents is gliadin, which induces damage to the intestinal wall by originating the leaky gut syndrome and
consequent impairment of immune system, up to the onset of autoimmune diseases [55]. Moreover, some
conditions apparently unrelated to gluten intake such as non-celiac gluten sensitivity (NCGS), display
negative celiac serology while illustrating damage as obtained from gluten sensitivity [56]. According to
Rotondi Aufiero et al. [57], no markers for NCGS are available to date. However, the results of research of
Losurdo et al. [58] have demonstrated that the gluten intake in NCGS patients leads to an increase of mast
cells and decrease of T helper lymphocytes in the duodenal lamina propria. This status is interpreted as an
immune impairment that facilitates the establishment of any diseases, in agreement with Mozzi et al. [59]
and Di Fazio [47].

Vegetarianism, a diet devoid of meat and fish selected for moral and health reasons, in its most
exaggerated form, veganism, is totally devoid of animal proteins such as milk and derivatives, and eggs.
It can cause significant damage to the one’s health (e.g., anemia, dehydration, memory loss, premature
aging). These conditions are induced because of deficiencies in protein, iron, zinc, calcium, vitamin B12,
vitamin D and other nutrients [25].

8. Nutrients: amazing modulators of immune system

Wrong eating habits influence the immune competence, suppressing immune functions that are fun-
damental to host protection [60]. In fact, the nutritional deficiency or inadequacy can damage immune
functions. The aim of Nutritional Immunology Research is to define the optimal intake of some dietary
factors that can enhance the immune system [61].

Food plays an important role in the development and preservation of the immune system; therefore,
any nutritional imbalance affects its competence and integrity. The immune system is related to the blood
group of a person and a relationship between blood group and eaten food has been hypothesized [62].
This relationship is due to proteins found in foods, called lectins, which have agglutinating properties.
Bacteria and other microbes have also lectins on their surfaces, which attach to the slippery mucosal
linings of the body. In the same way, food lectins that are incompatible with blood type antigens can create
a violent inflammation of sensitive mucus of the intestines and this agglutinative action may mimic food
allergies. Moreover, food lectins can interact with the surface receptors of white blood cells, inducing
them to multiply rapidly [62]. As recently observed, many foods agglutinate the cells of certain blood
types but not others, meaning that a food which may be harmful to the cells of one blood type, may
be beneficial to the cells of another [62]. For these reasons, foods not tolerated by a blood type cause
an immune reaction, which can lead to inflammation and resulting pathologies. Since a healthy immune
system implies a healthy nutrition, it is essential to pay attention on the signs that prelude an immune
reaction (cough, nasal secretion, watery eyes) and associate them to food intake [62]. Although, in the
past two decades, the consumption of sodium, sugar and fat have been highly criticized [63], it seems
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that dietary risk factors for mortality are diets high in sodium, low in whole grains, low in fruit, low in
nuts and seeds, low in vegetables, and low in omega-3 fatty acids [63]. Poor dietary habits associated
with a range of chronic diseases can be major contributors to non-communicable disease mortality in all
countries worldwide [63].

Some nutrients are required for the efficient function of immune system, including essential amino
acids, vitamin A, vitamin E, the essential fatty linoleic acid, folic acid, vitamin B6, vitamin B12, vitamin
C, Zn, Cu, Fe and Se. Deficiencies of one or more of these nutrients may affect all forms of immunity [60].

Vitamin D has been shown to impact on functions of immune cells in both the early innate (fast, non-
antigen specific) and the subsequent adaptive (slower, antigen specific) responses. In particular, it enhances
the innate antimicrobial immune responses. For these reasons an adequate intake of vitamin D helps to
maintain and reinforce the body’s defense against infection by promoting the innate immunity [61].

Several studies have demonstrated the protective effects of vitamin E on viral infection. In fact, the
vitamin E has been demonstrated to be able to reduce flu symptoms in mice, a protective effect associated
with an improved T lymphocyte response [62].

In addition, vitamin C regulates several aspects of immunity, such as supporting epithelial barrier
function, growth and function of both innate and adaptive immune cells, white blood cell migration to sites
of infection, phagocytosis and microbial killing, and antibody production [64]. Moreover, vitamin C has
a main role in regulating duration and severity of upper respiratory tract infections, both in common cold
and in more severe infections [63]. It is noteworthy that the role of vitamin C in modulating stress effects,
based on the relationship between the hypothalamic region (which involved in expression of emotions)
and immune system (via physical and psychological stresses), can downregulate immunity [65].

Additionally, the metal zinc is an essential micronutrient involved in several pathways. Zinc deficiency,
as well as zinc excess, lead to disorders in immune cell numbers and activities, resulting in increased
susceptibility to infections and development of inflammatory diseases. Moreover, zinc homeostasis is
crucial for defense against pathogens and for regulating of an over-reactive immune system which causes
autoimmune diseases, chronic inflammation or allergies [66].

9. Gut microbiota and immune system

Various micronutrients have been retained as immune system modulators, such as many dietary
lipids, in particular marine animal-derived n-3 polyunsaturated fatty acids (PUFA) [67], and probiotic
microorganisms including Lactobacillus (L.), Bifidobacterium (B.), and Streptococcus (S.). The latter
constitute the gut microbiota which host the largest part of body’s immune cells [68].

All the above nutrients may beneficially affect immune function by modulating it and decreasing
infection risk [60]. It should be borne in mind that influenza, a single-stranded RNA virus, displaying
high mutation rates and rapid evolution, is able to escape from pre-existing neutralizing antibodies in the
host [69]. This is presumably also true in the case of the current viral infection from COVID-19.

Therefore, many hygiene practices and well-balanced nutrition help to control the impact of infections
by maintaining the optimal function of the immune system.

The need for supplementation with multivitamins and minerals, including vitamins A, B6, B12, C, D,
E, and folate is controversial. It may be appropriate for standard consumers, who buy food distributed in
the markets, while consumers who have access to fresh products and well-balanced diet may omit this
supplementation [70].

The intestinal microbial community plays a main role in metabolic homeostasis and in the proper
functioning of the immune system [71]. It participates in nutrient absorption and maintains the health of
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the intestinal tract by producing bioactive compounds and some essential nutrients and metabolites [72].
Although some pathogenic bacteria are also present in intestine tract, they do not negatively alter
metabolism so far as the microbiota is healthy. The quality of the microbiota is conditioned by eating
habits andmicrobiota alterations can contribute to induction of obesity and a variety ofmetabolic diseases.
Thus the preservation of a healthy flora is essential to avoid diseases [8]. Gut microbiota can influence the
food absorption, lipid metabolism, endocrine functions and thus the immune response. Its components
differ greatly in lean versus obese subjects. A lesser diversity and richness of bacteria have been detected
in obese subjects [73].

10. Obesity and COVID-19 infection

The biology of obesity comprises impaired immunity, chronic inflammation, and blood clotting ten-
dency, all of which conditions can aggravates the “cytokine storm”, typical of COVID-19 infection. The
risk factors for infection outcomes are evenmore increased due to the deleterious sedentary lifestyle during
pandemic-lockdown. In fact, the social distancing, isolation and related stress have a negative impact on
the control of snacking behavior, leading to increments of obesity and metabolic complication [74].

As previously mentioned, obesity leads to the onset of metabolic disease, which in turn causes a weak-
ening of the immune system. The high consumption of saturated fats, sugars, and refined carbohydrates
activates the innate immune system and impairs adaptive immunity, leading to chronic inflammation and
impaired host defense against viruses [75]. All these conditions are cause the complications of current
COVID-19 infection, which can lead to exitus.

Previous studies have shown that excessive weight can increase the risk of developing community-
acquired pneumonia and may impede lung function [76,77]. Furthermore patients with obesity often need
to prolonged mechanical ventilation, in case of acute lung injury [77], because pulmonary function is
already compromised by decreased diaphragmatic excursion [78]. Both older people as well as young
obese individuals have less cardiorespiratory reserve to cope with COVID-19 infection, leading to a poor
prognosis [79].

A high prevalence of malnutrition was demonstrated in COVID-19 patients at hospital admission
confirming the role of obesity in the severe COVID-19 outcomes. In addition, obesity condition is
commonly associated to micronutrient deficiencies and to alterations of the gut microbiota (dysbiosis),
conditions directly influencing immune function and infection risk [74,80]. In disadvantaged populations,
characterized by low quality diets and lack of access to healthy foods, there is a high prevalence of chronic
diseases, such as obesity, and a COVID-19 consequent morbidity. For these reasons, particular attention
should be paid to nutritional screening in obese patients [74].

11. Food health and nutrition: a challenge for the Law

Since time immemorial one only has to return to the Old Testament (Leviticus 13: 45-46 or Numbers 5:
1-3), to be reminded that political/governmental states have acted in the field of public health with the aim
of fighting deadly epidemics and safeguarding the collective health [80]. The response to COVID-19 offers
a current day example [81]. But public health having lost its predominant position to individual health care
and maintenance in recent times is no longer only concerned with developing programs marked by the
application of ablative measures such as quarantines, confinements, lazarets or forced vaccinations. Now
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is the time for an expanded promotion of health. The need is to build health through measures focused on
promoting healthy lifestyle habits among the population such as daily and moderate physical activity and
an acquisition of beneficial eating habits.

12. A renewed generation in public health legislation

The Public Powers articulate a series of measures to fight against non-communicable diseases related
to food and the obesity epidemic [81]. Obesity not only jeopardizes the health of vulnerable groups such
as minors, but the health, economic and social costs associated with it also put the health of public coffers
at risk, by fattening public healthcare and pharmaceutical spending. Hence, the Public Powers act on the
determinants of health (diet or lifestyle), as factors unrelated to people’s own physiological constitution
but which have a decisive impact on their health. The postal code is more important than the genetic code.
Diseases are not only fought in hospital beds. The health of the community is also defended by promoting
theMediterranean diet, exponent of our intangible cultural heritage, when configuring the Administration,
the nutritional quality of the school dinners of our children (special attention was paid in this aspect in
Andalusia by means of the non nata Act for the Promotion of Healthy Living and a Balanced Diet). Food
health and nutrition pose a challenge for the Law. This public-administrative intervention transits through
a space that in many aspects is part of the sphere of private freedom. It is therefore necessary to define
precisely where the limits of this public intervention should be. It is necessary to specify through which
legal techniques or powers it is possible to legitimately intervene to eradicate problems as childhood
obesity. Beyond the educational and informative measures this sphere of action offers the potential of
subjecting those products that present a nutritional danger to a special tax (e.g., such as sugary drinks). Or
approaches could be designed that are novel and interesting as the nudges (altering people’s behavior in a
predictable way without forbidding any options or significantly changing their economic incentives). An
example could be putting fruit at eye level in the supermarket without banning junk food [82]. We would
like to highlight in this report the use of Audiovisual and Advertising Law (which implies a limitation
of commercial speech) as a qualified way to promote healthy lifestyle habits in current homo videns, a
new human being who only understands what he sees and for whom only what he sees exists [83]. This
legislative “acquis” (the accumulated legislation, legal acts, and court decisions which constitute the total
body of EU law) completed with interesting self-regulation codes, affects the promotion of products such
as tobacco or alcoholic beverages of less than and more than 20° (alcohol proof) [84]. Furthermore, a
recent pronouncement of the Spanish audiovisual authority is a good example of the sign of the new times,
indicating, in reference to the program Man v. Food, that audiovisual communication service providers
must exercise a constructive and proactive role to improve communication on healthy habits and diets.

13. Which strategies to adopt?

The first step should be the development of educational broadcasts and media, and school nutrition
courses about the healthy diet and the role of physical activity in maintaining a healthy state, encouraging
all members of society (not just obese individuals) to lead a healthy lifestyle [85]. Correct models proposed
or supported by popular, respected, influential individuals benefit the spread of a healthy lifestyle.

A policy to foster the intake of healthy foods could be taxation of sweetened beverages. This would
protect the middle- and low- income populations [10]. The improvement of the availability of healthy
foods requires a collaborative, constructive acceptance of useful, purposeful, geographically widely based
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regulations by the food industry coupled with a reduction of marketing unhealthy foods. Some wholesome
foods that would otherwise be wasted could be maintained for use by modifying the rules for food
donation. These could limit the liabilities that accompany the donation of food when farmers, producers
and restaurants give food to those in need. A standardization of expiration dates of perishable food as well
as a thoughtful analysis how best establish them would be helpful. These rules should be readily available
(e.g., perhaps at point of retail purchase) for consumers’ understanding of the duration of the usefulness
of the food.

The food industry has often maintained that adequate levels of physical activity can compensate or
make equivalent a high-energy diet. Conversely, this position has met skepticism, given the scale of the
obesity epidemic [14]. The promoting healthy diets necessities the following interventions by the food
industry:

• reducing the fat, sugar and salt content of processed foods;
• avoid adding unnecessary and harmful sugars (i.e. maltodextrins);
• inform the consumer with precise and complete labels of the contents of the processed food;
• prohibit the installation of vending machines for unhealthy snack food in schools and public places;
• reducing the consumption of sweet beverage especially by children and young individuals;
• supporting regular, routine physical activity programs at school and at the workplace [10].

Urban planners should rethink their role in society in order to improve urban mobility [14]. Urban
design can facilitate or constrain physical activity; the lack of access to parks and open spaces reduces
opportunities for physical activity and limit walking. Similarly, the improvement of public transport and
the inclusion of cycle paths and pedestrian areas can favor physical activity leading to health benefits and
a decrease of pollution [1].

Proposals for the individual

• limit energy intake from fats and sugars;
• increase consumption of fruit and vegetables, as well as legumes, whole grains and nuts;
• engage in regular physical activity (60 minutes a day for children and 150 minutes spread throughout

the week for adults) [10].

As the new jobs are awarded to young, smart, hard- working individuals, they are often exposed to
sedentary (health-adverse conditions) whose consequences are difficult to reverse in adulthood [14].

14. Discussion

The worrying increase in obesity has risen to a worldwide serious public health problem. Since
obesity is related to metabolic disease, most clinical researches are devoted to the understanding of the
pathogenesis of such diseases. The first cause of diet-related metabolic disease appears to be the incorrect
nutrition. The recently acquired knowledges about nutraceuticals has evidenced the principal role of
food in the prevention and management of metabolic diseases. The nutraceutical properties of food can
be used for suppressing inflammation, improving insulin sensitivity, and/or decreasing fat deposition.
On the other hand, it is difficult to conduct significant research on human nutrition. This is due to
the variability of eating habits which are influenced by the local culture of different geographic areas
and countries and the age of the subjects. Currently, the concept of prevention rather than treatment of
metabolic disorders related to diet, is becoming the prevalent thought [7]. The idea of Feuerbach (1862)
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“you are what you eat” has some truth in it; our food choices depend on our tradition and culture and on
increasingly world globalization. Eating is also an ethical act: through the act of eating, we are more than
just consumers [25,86].

The worldwide prevalence of obesity is increased, even in developing countries, mainly due to rapid
changes in socioeconomic and demographic status, the adoption of a carbohydrate- and fat-rich diet and
a sedentary lifestyle. Mediterranean diet based on “modern” cereal and legume (often contaminated with
GM) consumption no longer appears to be the “ideal diet” due to gluten added to modern flour, which
is suspected to cause autoimmune diseases, and to the increasingly widespread consumption of milk and
dairy products. Furthermore, attention should be paid to the need to consider the compatibility of foods
with their own immune systems defined by the blood group.

Prenatal and childhood are critical periods in the development of overweight and obesity. The main
risk factors are socioeconomic adversity, emotional turmoil and subtle junk food self-medication to
alleviate uncomfortable emotional states. Over time this results in alterations in energy homeostasis,
weight gain, and obesity [28]. The prevention plays a fundamental role in this delicate age range. Changing
the advertising of food on children’s TV, promoting nutritious foods and avoiding to advertisement of junk
food would help to change eating behavior [29].

The problem of overeating in rich countries and the scarcity of food in poor countries should lead to
a solution that makes available an equitable distribution of food in the world, rather than in creating new
intensive production that damage the environment. The availability of healthy food for all people will
prevent all forms of undernutrition, micronutrient deficiency, overweight and obesity and will reduce the
risk of pathologies related to unhealthy diet. In addition, the attention to sustainability of food production
will preserve biodiversity. Another cause of the unequal distribution of food around the world was
generated by the current pandemic. In fact, the nutritional status of the population is likely to deteriorate
due to the socio-economic impact of COVID-19, particularly in places where health, food and social
protection programs are fragile or cannot be scaled up as needed [24].

The industrial food revolution changed our eating habits and our metabolism, introducing processed
foods absent in ancient diet, thus contributing to the onset of some pathogenesis, called diseases of
civilization. The business of food industry should be downsized in favor of morally or ethically fair choices
for consumers and for the well-being of society [25].

Moreover, the intake of genetically modified (GM) food may alter the hematological, biochemical,
and immunologic parameters causing some common toxic effects, such as hepatic, pancreatic, renal, or
reproductive damages [87]. The possible side effects of GM food intake would recommend, according
to the Precautionary Principle, the invitation to adopt a series of preventive measures before the damage
occurs [88].

In order to improve diet habits influenced by a complexity of factors, active collaboration of a variety of
actors is required throughout multiple sectors of the food system [63]. If it is true that consumers should
be educated sufficiently to make wise food choices, it is also true that the food industry would have a moral
obligation to provide healthy food to promote consumer health [63]. In this regard, additives, preservatives
and flavor enhancers in food processing should be avoided (or at least limited to a scientifically required
amount) in order to preserve consumer health. Existing rules on the use of additives should be subject to
the parallel use of explanatory labels that are understandable to all consumers.

The main objective of the proposed health education program is to increase the self-awareness of one’s
body, to assist the individual in the recognition of the responsibility of safeguarding one’s health and
to prevent behavior harmful to health. Food education should provide for the removal/minimization of
the factors responsible for incorrect eating behaviors through the attention of the mass media and food
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producers on consumer health rather than market logic. The person can be considered “healthy” to the
extent that he is able to live freely and consciously [25].

The onset of new food processing technologies is changing and transforming food composition, and
altering its physicochemical and immunogenic properties. Glucose, salt, emulsifiers, organic solvents,
gluten, and nanoparticles are increasingly used by industry to improve organoleptic characteristics of
food. However, food additives are suspected to altering intestinal permeability resulting in enhanced
predisposition to autoimmune, allergic and malignant diseases [52]. Contrarily, the correct dietary
regimen, by reducing obesity, in turn reduces inflammation, even during a viral infection such as the
current COVID-19 infection that generate a mild or highly acute respiratory syndrome [40]. The intake
of poorly selected food-products such as concentrated sugars and gluten supplementation in the modern
flour products, and nutrients, as well as their excessive refining which remove important nutrients that
contribute to impaired glucose metabolism can lead to diabetes. Low fiber intake, over-consumption of
red meat (promoted mainly as a concomitant of intensive husbandry) cow’s milk and dairy products and
an imbalance of omega 3 and omega 6 fats all contribute to cancer risk. However, most of the research
regarding nutrition and cancer is concerned with the onset and growth or reduction of tumor mass in
relation to diet, and only recently prevention of cancer through healthy nutrition [89].

The strategy to be adopted to achieve universal well-being should be a synergistic collaboration between
an ethical distribution of healthy food, governmental food education program, industrial ethics input, and
timely, well-balanced oversight of food production.
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