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Chapter 13

Non-communicable Diseases in the Era
of Precision Medicine: An Overview

of the Causing Factors and Prospects

Dimitris Tsoukalas, Evangelia Sarandi, and Maria Thanasoula

Abstract Non-communicable diseases (NCDs) are among the most significant
health challenges of the twenty-first century, causing 7 out of 10 deaths worldwide.
Despite recent technological and medical advances, NCDs mortality and morbidity
rates are increasing, and it is expected that by 2030 they will have caused 52 million
deaths. In 2017, 41 million people died due to NCDs, and 80% of these deaths could
have been prevented. Cardiovascular disease, cancer, diabetes, and chronic lung
disease are the primary causes of mortality among NCDs-related deaths.
Autoimmune diseases (ADs) affect 5—10% of the globe and have detrimental effects
on patients’ quality of life, life expectancy, and healthcare costs. Apart from the
genetic background, 80% of the risk factors of NCDs are modifiable, including diet,
hidden hunger, smoking, alcohol, air pollution, and physical activity, all discussed
in this chapter. Accumulating evidence shows that changes in diet, lifestyle, and
socioeconomic status have resulted in a substantial metabolic shift associated with
the rapid increase of ADs. However, current approaches do not fully capture the
individual variability on genes and lifestyle or consider the impact of modifiable
factors on health. As such, there is growing pressure from patients’ increasing
demand and substantial healthcare costs for prevention, prediction, early diagnosis,
and effective treatment of NCDs. With the advent of precision medicine, there have
been efforts made to deliver tailor-made solutions for NCDs. Metabolomics, an
emerging field that gives a detailed analysis of the phenotype, is currently being
investigated as a potential precision medicine tool for screening, patient stratifica-
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tion, and treatment personalization. In this chapter, we present up-to-date data on
the mitigating epigenetic and lifestyle risk factors for NCDs and ADs and review the
current methodology for their assessment.

Keywords Non-communicable diseases - Autoimmune diseases - Risk factors -
Metabolomics - Hidden hunger - Vitamin D - Metabolic shift - Insulin resistance -
Inflammation

1 Introduction

Non-communicable diseases (NCDs) are chronic diseases that occur from various
genetic and non-genetic factors. The genetic background contributes by 20% to the
NCDs risk, whereas 80% of the risk factors are epigenetic, thus, modifiable. These
factors include but are not limited to dietary habits, smoking, physical activity, toxic
load, alcohol, and others, which are going to be discussed in this chapter. NCDs are
responsible for 7 out of 10 deaths worldwide. In 2017, they were responsible for
73.5% (41.1 million) of the deaths which occurred globally and are considered one
of the most significant health challenges of the twenty-first century (Martinez et al.
2020). Morbidity rates are also increasing dramatically from 43% in 1990 to more
than 60% in 2017 globally. In contrast, in high-income countries where infectious
diseases are reduced due to improved life quality standards, the NCDs rate reaches
80% of the global disease burden and over 90% of deaths.

The increasing morbidity and mortality rates indicate that by 2030, NCDs will
account for 52 million deaths globally. The main types of NCDs include cardiovas-
cular diseases (CVD), cancers, chronic respiratory diseases, diabetes, and autoim-
mune diseases. The primary mortality causes among NCD-related deaths are due to
CVD, cancer, diabetes, and chronic lung disease. Autoimmune diseases (ADs) are a
subgroup of NCDs and refer to conditions characterized by the malfunction of the
immune system, which attacks self-tissues and organs in various parts of the body,
causing inflammation. Nearly 5-10% of the global population is affected by ADs
and suffers detrimental effects on their quality of life, life expectancy, and health-
care costs. More than 150 types of autoimmune diseases have been reported up to
date, with the most common being Hashimoto’s thyroiditis, rheumatoid arthritis,
inflammatory bowel disease (IBD), multiple sclerosis, and lupus. Accumulating
evidence shows that the rapid increase of ADs is associated with a metabolic shift
caused by changes in lifestyle, diet, and socioeconomic status. Twin studies have
indicated that there are significant genetic determinants for ADs, such as the high
concordance of Major Histocompatibility Complex (MHC) haplotypes in monozy-
gotic twins. However, the association mentioned above mainly affects early-onset
diseases suggesting that other factors apart from genes may influence the develop-
ment of ADs (Theofilopoulos et al. 2017).
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Medicine advancements have made substantial progress in the diagnosis of
NCDs, but preventive strategies, tools of prediction, and active therapeutic agents
are not yet established. Regarding prevention, despite the pivotal role of diet and the
other environmental factors on disease onset and progression, physicians lack
proper knowledge and tools to assess and improve them (Strong et al. 2006; Tinetti
et al. 2012; Devries 2019). Besides, current treatment approaches have proved ben-
eficial for only 30-60% of the patients, and an additional 30% experience severe
adverse effects indicating a large gap that needs to be addressed. The “one size fits
all” model that is being applied at the moment does not take into consideration the
modifiable risk factors or capture the genetic variability and lifestyle of the indi-
vidual (Balashova et al. 2018). As a result, the demand for effective prevention,
prediction, early diagnosis, and treatment of NCDs by patients is continuously
increasing. Precision medicine is an emerging approach for the individualized treat-
ment, forecasting, and early diagnosis of disease, taking into account the individual
gene variability, lifestyle, and nutrition. Metabolomics, the study of metabolites and
their interactions within the organism, gives a detailed analysis of the phenotype
and has vast applications in medicine. It can capture the interrelationships of a bio-
logical system, including humans, under the influence of epigenetic factors.
Specifically, it has been suggested that metabolomics can provide insight on a sys-
temic dysfunction before the appearance of the symptoms, thus it is a valuable tool
for the prevention and prediction of disease. At an advanced stage of the disease,
metabolomics can be used to monitor the side effects of drug treatment allowing the
treatment type or dose optimization and detect and assess the nutritional deficien-
cies that should be replenished to improve the life quality (Tsoukalas et al. 2019b).

This chapter includes recent data on the modifiable epigenetic and environmental
risk factors for NCDs and ADs and reviews the available methodologies for their
assessment. Specifically, we have included essential factors that shape an unhealthy
diet and an unhealthy environment. We also discuss the challenges that precision
medicine faces regarding its application in clinical practice while focusing on the
potential future opportunities for personalized disease treatment.

2 Dietary and Lifestyle Factors

Nutritional epidemiology has linked the consumption of specific foods, nutrients, or
dietary patterns with different types of cancer, cardiovascular disease, diabetes,
increased blood pressure, insulin resistance, and hyperglycemia. According to
recent data, the suboptimal diet is a more critical factor than smoking for global
mortality. An insightful study published in Lancet last year demonstrated that more
than 20% of global deaths of adults were linked to poor diet, and the most important
cause of death was cardiovascular disease, cancer, and diabetes (Afshin et al. 2019).
The poor diet included inadequate intake of healthy foods, mostly nuts, seeds,
whole grains, and fruit and overconsumption of unhealthy food, mainly sweetener-
rich beverages, sodium, and processed meat. Specifically, more than 50% of deaths
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related to diet were associated with high sodium intake (global mean 6 g), low
whole-grain diet (global mean 29 g), and low fruit intake (global mean was less than
100 g). Here we discuss the role of hidden hunger (micronutrient deficiency), lack
of vitamin D, excessive sodium and free sugar intake, alcohol consumption, smok-
ing, and physical activity as critical factors of an unhealthy diet and lifestyle that
increase the risk of NCDs morbidity and mortality.

2.1 Hidden Hunger

Hidden hunger (or micronutrient deficiency) is defined as the lack of vitamins and
minerals of an organism, and in contrast to micronutrient deficiency diseases, hid-
den hunger is asymptomatic. Micronutrients, including vitamins, minerals, amino
acids, fatty acids, probiotics, enzymes, and antioxidants, are essential for the normal
function of cells and tissues (Bailey et al. 2015). Vitamins are organic compounds
that act as coenzymes of metabolic pathways, and most of them are essential and are
obtained through diet. Vitamin B7 and vitamin K, though, are normally synthesized
through the gut and vitamin D is synthesized with sun exposure. Minerals are also
essential nutrients obtained through diet, and act as cofactors of enzymatic reac-
tions. The inadequate intake or absorption of these nutrients due to poor diet or
disease state can lead to severe cellular malfunction with complications in health.
According to the World Health Organization (WHO), 2 billion people suffer from
nutrient deficiencies globally (Bailey et al. 2015). The primary nutrient deficiencies
that contribute to the development of hidden hunger are vitamins A, D, E, and C,
and choline, calcium, magnesium, iron (for specific age/gender groups), potassium,
and fiber. The Dietary Guidelines Advisory Committee, though, has recommended
the public to increase the intake of only some of these nutrients because they have
been linked to adverse health issues (Blumberg et al. 2017). Indeed, many of these
deficiencies have been linked with the prevalence of NCDs, and their correction has
been related to beneficial effects on the management of certain NCDs (Kivity et al.
2011; Moss and Ramji 2017; Wessels and Rink 2020a; Winther and Rayman 2020).
Although there is a lack of enough studies showing a correlation between the defi-
ciency of the rest of the nutrients and NCDs, there is growing evidence supporting
that nutrients act synergistically (Faggi et al. 2019).

Nutritional deficiencies have been associated with ADs. In a study of patients
with IBD, several nutritional deficiencies were observed (Vagianos et al. 2007).
Biochemical measurements indicated a high prevalence of nutrient deficiencies of
vitamin E (63%), vitamin D (36%), vitamin A (26%), calcium (23%), folate (19%),
iron (13%), and vitamin C (11%) in these patients. Deficiencies were further dem-
onstrated through insufficient blood serum levels of hemoglobin (40%), ferritin
(39.2%), vitamin B6 (29%), carotene (23.4%), vitamin B12 (18.4%), vitamin D
(17.6%), albumin (17.6%), and zinc (15.2%). Even though these deficiencies were
not correlated to diet, the authors suggested that other factors may influence the low
nutritional levels and that supplementation should be considered in the IBD patients.



13 Non-communicable Diseases in the Era of Precision Medicine: An Overview... 279

In a review by Manzel A. et al., the relation of autoimmune diseases to the Western
Diet was discussed focusing on the importance of T cells, concluding that nutrition
affects the gut mucosal immune system and the metabolic state of the body, which
are both risk factors for autoimmunity (Manzel et al. 2014). Moreover, recent evi-
dence indicate a pivotal role for vitamin D and zinc deficiencies in most common
ADs suggesting potential effective and cost-effective strategies of prevention and
treatment (Wessels and Rink 2020b).

2.2 Intermediate Metabolic Risk Factors

In affluent countries, hidden hunger as a result of malnutrition often co-exists with
obesity or overweight and the rise of the NCDs. Specifically, studies indicate that
micronutrient deficiencies under nutritional patterns of high-fat, high-protein, high-
sugar, and excess salt intake that are commonly consumed in affluent countries
(Western Diet) have been linked to an increased risk for obesity, high BMI, meta-
bolic syndrome, and cardiovascular disease (Ames 2006; Manzel et al. 2014).
Significant progress has been made in the description of the molecular pathways
that associate diet, obesity, insulin resistance, low-grade inflammation, disrupted
biochemical parameters, and NCDs. Obesity, defined as Body Mass Index over 30,
has been classified as a risk factor for many NCDs, including type 2 diabetes, CVD,
and cancers, and there is a common view that obesity triggers inflammation
and insulin resistance being a subsequent effect (Johnson and Milner 2012).
However, growing evidence suggests that insulin resistance is the primary distur-
bance and precedes inflammation (Giles et al. 2015). Briefly, the proposed mecha-
nism for the diet-related onset of inflammation is that excessive intake of
calorie-dense and nutrient-empty foods lead to the disruption of the physiological
mechanism of the organisms to produce energy in a controlled manner. Insulin and
leptin, the central hormones that regulate energy metabolism but also affect immune
responses, are increased continuously to balance the excessive calorie intake.
Continuous secretion of insulin and leptin leads to metabolic shift in the peripheral
cells and the cells of the immune system, triggering inflammation. At the same time,
hyperinsulinemia directly leads to insulin resistance, where cells require more insu-
lin to receive the signal to uptake glucose and use it as energy. In turn, in conditions
with established chronic low-grade inflammation, the inflammatory microenviron-
ment further fuels insulin resistance, storage of fat and obesity, and related meta-
bolic syndrome (Fig. 13.1). As for obesity, a series of interventional studies indicate
that changes in insulin resistance or inflammation markers precede and can predict
weight changes suggesting that obesity is a consequence and rather a cause of insu-
lin resistance (Kong et al. 2013). Validation of this theory will be very significant for
research but also for clinical practice since strategies targeting weight loss are far
different from those targeting insulin resistance (Noakes 2018).

Micronutrient deficiencies are mostly caused by poor dietary choices, although
socioeconomic factors and the presence of underlying disease are also important



280 D. Tsoukalas et al.

Stomach ﬁ Transcob
ek Cell

m Methyl-B12 Adenosyl-B12

Fig. 13.1 Vitamin B12 pathways of absorption and metabolism. Digestion of cobalamin (vitamin
B12) bound to animal protein takes place in the stomach followed by the duodenum, facilitated by
the transporters haptocorrin and intrinsic factor (IF). The complex cobalamin-IF enters the entero-
cyte where cobalamin is then bound to transcobalamin and depending on the type of transcobala-
min, the complex follows a different path: (i) Cobalamin-Transcobalamin I is transported to the
liver where cobalamin is stored (75% of cob), (ii) Cobalamin-Transcobalamin III is transported to
the bile where it is excreted with the urine, and (iii) Cobalamin-Transcobalamin II enters the sys-
temic blood circulation to reach and enter the cells. Upon entering the cell, cobalamin is released
from transcobalamin and acts as a cofactor for intracellular metabolic pathways. Methyl-B12 is a
cofactor of Methionine Synthase (MS) for the conversion of Homocysteine (HC) to Methionine
(MTH), which in turn is metabolized to s-adenosyl methionine (SAM), a precursor of
HC. Methylmalonyl-CoA mutase (MCM) catalyzes the conversion of methylmalonyl-CoA
(MMA-CoA) to succinyl-CoA, with the presence of adenosyl-B 12, which feeds the TCA cycle for
energy production. Methylmalonic acid (MMA) is a downstream metabolite of MMA-CoA, and
upon malfunction or inactivation of the adenosyl-B12 dependent pathway, MMA increases

(Bailey et al. 2015). Also, even if intake is sufficient, a deficiency may occur at a
later stage due to disturbed absorption of nutrients for various reasons (e.g., meta-
bolic disease or excessive toxic load from medication) (National Academies of
Sciences, Engineering et al. 2017). For example, vitamin B12, which is obtained
through diet and specifically animal sources, is released in blood circulation through
a complicated journey of absorption from the stomach, the duodenum, and the
enterocytes (Fig. 13.2). B12 released by enterocytes is bound to transcobalamin and
can be either stored in the liver (75% of B12), excreted via the bile or enter the cells
and participate in intracellular metabolism. After entering the cells, B12 is released
and free to act as cofactor either for methionine synthase (MS), in the form of
methyl B12, or for methylmalonyl-CoA mutase (MCM) in the form of adenosyl
B12. Therefore, as discussed elsewhere, measuring serum vitamin B12 levels alone
has many limitations and does not reflect vitamin B12 bioavailability or cellular
levels of B12 (Hannibal et al. 2016). Current factors for the identification of vitamin
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Fig. 13.2 Schematic diagram depicting the environmental risk factors affecting NCDs and inter-
mediate mechanisms

B12 deficiency include markers participating in the metabolic pathway of vitamin
B12 including methylmalonic acid, homocysteine, and total holotranscobalamin,
which is the vitamin B12 bound to transcobalamin complex.

The assessment of nutritional intake is mostly done via food frequency question-
naires (FFQs) both in clinical practice and epidemiological studies. FFQs provide
an overview of the macronutrients and the micronutrients obtained through diet, via
a series of questions regarding the type and portion of ingested food. Also, a crude
estimation on the toxicants obtained through diet can be obtained. Dietary patterns
can be recognized and translated into a nutritional score in a computer-based system
that matches the food choices with their nutritional composition. FFQs, although
they are easy to use, economical, and high throughput, they have low sensitivity and
accuracy as discussed elsewhere (Margina et al. 2020).

Biochemical and laboratory testing is another widely used method to assess the
status of nutrients and is a valuable tool to diagnose severe micronutrient deficien-
cies. However, micronutrient deficiencies in NCDs can be multiple and to a smaller
extent compared to a nutritional deficiency disease. Also, cells and tissues are very
well-regulated systems that have mechanisms to adjust the nutrient requirements
depending the nutrient availability or recycle to meet increased demands on a spe-
cific tissue (Pietrzik 1991; Nualart et al. 2014). Therefore, blood values of the
micronutrient do not provide sufficient information on the physician (Bier and
Mann 2015). Emerging technologies for the identification of biomarkers of the
nutritional status that will allow grouping of individuals according to their nutrient
requirements are at the center of attention.

Nutriomics is a novel field that focuses on the comprehensive study of the effect
of ingested food on human health and disease risk. Nutrigenomics, studies the effect
of diet on the expression of genes and risk for NCDs. This technology allows the
determination of nutrient requirements and foods based on the genetic background
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and has provided valuable insights on the nutrition-genome interaction. However,
downstream at the end of the gene expression and the environment-related post-
translational modifications lies the metabolome which is the metabolites that take
part in the metabolic pathways. Nutrient-regulated enzymes are catalyzing the met-
abolic pathways of an organism, thus making metabolites promising markers for
nutrient adequacy, storage, and use. In addition to that, metabolites can give infor-
mation regarding the load from heavy metals since the latter are antagonizing with
some nutrients for the same enzymes (Zeisel 2007). Therefore, analysis of multiple
metabolic pathways that use different combinations of nutrients and are affected by
different heavy metals can give a detailed map of the missing nutrients and excess
of heavy metals.

Overall, tuned research efforts are currently being made to uncover the complex
interrelationships between diet, genes, metabolites, and health. Novel tools are
under development to help physicians, clinical nutritionists, and every healthcare
professional to detect nutritional deficiencies early and provide personalized recom-
mendations for their replenishment.

2.3 Vitamin D

Vitamin D is a member of the steroid hormones participating in various functions of
the human body and can be obtained from food and supplements, or can be endog-
enously sythesized through sunlight exposure (Wang et al. 2017). The leading roles
of vitamin D include modulating cell growth and inducing the function of the
immune, nervous, and muscular systems. On a molecular level, it accentuates the
expression of genes that control cellular proliferation, differentiation, and apopto-
sis. According to a study by Ramagopalan et al., the nuclear vitamin D receptor
(VDR) occupies 2776 positions on the human DNA, and 229 genes show changes
in expression after treatment with vitamin D (Ramagopalan et al. 2010). After it has
been absorbed by the intestine or synthesized by the skin due to sunlight exposure,
vitamin D in the form of cholecalciferol is transported to the liver and converted to
calcidiol, 25-hydroxycholecalciferol (25 (OH) D) which binds to specific proteins
that transport calcidiol to the kidney through blood circulation. There, it is con-
verted to the active vitamin D form, calcitriol 1,25-dihydroxycholecalciferol
(1,25(0OH)2D3). 25 (OH) D is a biomarker used in the measurement and assessment
of vitamin D levels and the detection of deficiencies because it reflects the levels of
vitamin D derived from both the diet and the skin and is more stable than 1,25(OH)2D3
(Wang et al. 2017).

Accumulating evidence from recent studies indicate that vitamin D deficiency
can be directly associated with the incidence of NCDs and ADs. According to a
recent review by Amrein K. et al., a deficiency of vitamin D is recognized as a con-
centration of 25 (OH) D lower than 20 ng/ml (Amrein et al. 2020). Even though
most authors consider a range of below 30 ng/ml 25 (OH) D as vitamin D deficient,
studies have shown that levels lower than 10 or 12 ng/ml increase the risk of
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osteomalacia and crickets (Holick et al. 2011a; Institute of Medicine of the National
Academies 2011; Braegger et al. 2013; EFSA NDA Panel 2016). Therefore, these
levels define severe vitamin D deficiency. The clinical practice guidelines of the
Endocrine Society Task Force on vitamin D refer to 20 ng/ml as a cutoff level for
vitamin deficiency, 21-29 ng/ml as vitamin insufficiency and 30—100 ng/ml as suf-
ficient vitamin D levels (Holick et al. 2011a).

The levels mentioned above refer to bone health and reflect the minimum con-
centration of vitamin D, under which diseases have been reported to arise. However,
vitamin D cutoff levels associated with the risk of NCDs have been shown to be
higher. A study by Wang T. et al. examined vitamin D deficiency and its relation to
the risk of developing cardiovascular disease in individuals without prior cardiovas-
cular disease. A total of 1739 individuals with a mean age of 59 years participated
in the study, and the amount of 25 (OH) D in the blood was used to evaluate the
status of their vitamin D levels. The findings of this study indicated that vitamin D
deficiency is positively associated with the risk of developing cardiovascular dis-
ease. More specifically, individuals with hypertension whose 25 (OH) D levels were
less than 50 nmol/L had a twofold risk of cardiovascular incidence (Wang et al.
2008). The first case-control study examining the correlation between the develop-
ment of Insulin Dependent Diabetes Mellitus (IDDM) and vitamin D administration
during the first year of life by EURODIAB Substudy 2 study group showed a
decreased risk of developing type 1 diabetes for children that received vitamin D
supplements for at least 1 year during early childhood (Miettinen et al. 2020). The
data of the study were collected by interviewing mothers of 3.155 children regard-
ing their children’s supplementation of vitamin D during their first years of life.
However, lack of consistent dosage of vitamin D and the inconsistent validity of the
answers given by mothers constitute limitations of this study. Type I diabetes
(IDDM) is an autoimmune disease caused by the destruction of beta pancreatic cells
whose role is to produce insulin. As a result, insulin deficiency occurs, leading to
hyperglycemia and having further health complications in other tissues and organs.
Insulin injections are administered daily to promote the absorption of glucose by
cells and maintain glucose levels within the optimal range (Kahanovitz et al. 2017).
Further studies need to be taken into consideration to establish a causality linkage
between IDDM and vitamin D. A systematic review and meta-analysis of this study
by EURODIAB Substudy 2 study group indicated that the establishment of causal-
ity requires randomized controlled trials with long periods of follow-up (Zipitis and
Akobeng 2008). A study conducted by Miettinen M. E. et al. investigated the asso-
ciation of serum 25-hydroxyvitamin D levels in childhood on the risk of developing
islet autoimmunity and IDDM (Miettinen et al. 2020). A total of 732 infants partici-
pated in the observational study, and serum concentrations of 25(OH) were mea-
sured repeatedly for 10 years. The serum concentrations were then compared
according to age at the first seroconversion. The results suggested that prenatal vita-
min D supplementation can assist in the prevention of IDDM.

Clinical and preclinical evidence suggests that vitamin D deficiency plays a vital
role in the management of inflammatory bowel disease (IBD) (Hlavaty et al. 2015).
IBDs, referring to ulcerative colitis and Crohn’s disease, are NCDs characterized by
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extensive inflammation of the intestine. Specifically, ulcerative colitis affects the
large intestine, while Crohn’s disease can affect any part of the digestive system. In
a study by Levin A. D. aiming to associate vitamin D status with IBD location and
severity, the importance of monitoring vitamin D status was emphasized for the
management of the disease (Levin et al. 2011). Seventy-eight children with IBD
participated in the study (45 males, 33 females), and their 25 (OH) D levels were
measured for the period during 2006-2007. Vitamin D deficiency was defined as 25
(OH) D< 51 nmol/l (moderate) and 25 (OH) D< 30 nmol/l (severe), while insuffi-
ciency was for 25 (OH) D levels between 51 and 75 nmol/l. The results yielded that
15 children (19%) had a vitamin D deficiency, and 30 children (38%) had an insuf-
ficiency, and therefore a positive correlation was established. Further randomized
trials are required to establish a causational relationship between vitamin D defi-
ciency and IBD.

According to evidence from review articles and studies, vitamin D can also aid
in the treatment of psoriasis (Morimoto et al. 1986; Fu and Vender 2011; Mattozzi
et al. 2016; Kechichian and Ezzedine 2018). Psoriasis is an immune-mediated dis-
ease that affects the skin causing red patches to appear. A study by Morimoto S et al.
indicated that oral administration and topical application of vitamin D derivatives
were beneficial in the management of psoriasis and improvement of psoriatic skin
lesions (Morimoto et al. 1986). A total of 40 patients were enrolled in the study, and
active forms of vitamin D; were either orally administered or topically applied.
Vitamin D; (cholecalciferol) is an active analog of vitamin D that is synthesized by
the skin or obtained via supplements or diet. The results of the study suggested that
psoriasis may respond to the active forms of vitamin D; and that unresponsiveness
of skin cells to the vitamin might be implicated in the pathogenesis of psoriasis.
Another study by Finamor D. C. et al. investigated the effect, efficacy, and safety of
administration of high daily doses of vitamin D on the clinical course of vitiligo and
psoriasis (Finamor et al. 2013). A total of 25 patients (9 with psoriasis and 16 with
vitiligo) received 35.000 IU of vitamin D per day for 6 months. The results showed
that the treatment reduced disease activity for 9/9 patients with psoriasis and 14/16
patients with vitiligo.

Evidence from studies has shown that the supplementation of vitamin D can be
beneficial for NCDs, including cancer and autoimmune diseases, as well as infec-
tions. Specifically, a review conducted by Garland F. C. et al. investigated the pros-
pects of vitamin D; supplementation in global cancer prevention, and the results
were encouraging (Garland et al. 2007). According to the review, the intake of
2.000 IU per day of vitamin D; would lead to a 25% decrease of annual cases of
breast cancer and 27% of annual cases of colorectal cancer. Overall, vitamin D can
aid in the prevention of NCDs (Gorham et al. 2005; Garland et al. 2009). Nevertheless,
it was recently proposed that maintaining concentrations above 40-60 ng/mL can
decrease the risk of infections (Grant et al. 2020).

Moreover, vitamin D levels have been associated with other ADs including auto-
immune thyroiditis and rheumatoid arthritis while attention is being given at the
recommended dose (Kivity et al. 2011). In populations with higher nutrient
demands, as in the case of an established disease, the administered dose may exceed
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the Recommended Dietary Allowance (RDA), which need to be considered in clini-
cal trials as well as in everyday clinical practice (Tsoukalas and Sarandi 2020).
There is growing evidence that cells are insensitive to vitamin D in ADs suggesting
that higher doses are required to exert the immunomodulatory effect of vitamin D
(Jeffery et al. 2018). In addition, corticosteroids treatment commonly used in ADs
has been shown to affect the catabolism of vitamin D, thus requiring higher doses to
maintain optimum levels in the blood circulation (Singh and Kamen 2012; Kamen
2013). According to the American Endocrinology Society, the upper level for safe
vitamin D intake is 10.000 IU daily for adults and 4000 IU for children over 8 years
old. Higher dose recommendations require monitoring of the vitamin D blood levels
(Holick et al. 2011b). Based on evidence from recent studies, vitamin D supplemen-
tation has not been associated with toxicity risks even at 700 ng/ml or the intake of
30,000 IU/day and the steady-state levels of vitamin D at 200 ng/ml for a long time
(Hathcock et al. 2007).

Overall, randomized controlled trials are needed to specify the ideal supplemen-
tation dose as a preventive and treatment strategy considering the various involved
factors. However, vitamin D supplementation is an established general recommen-
dation for the reduction of risk for NCDs and ADs and as an adjunct tool in their
management.

2.4 Sodium

High intake of sodium was the driving cause of mortality among diet-related deaths
in China, among other countries, and mostly due to cardiovascular disease, accord-
ing to the Lancet observational study, in line with others (Ezzati et al. 2014). Several
salt alternatives have been proposed starting several years ago when the salt reduc-
tion program in Finland showed beneficial effects of low-sodium, high-potassium,
and magnesium salt substitutes on hypertension (Katz et al. 1999),(Karpanen et al.
1984). Notably, Finland was one of the first countries that adopted a low salt routine
in the late 1970s, and 20-30 years later, the mortality caused by stroke and coronary
heart diseases decreased dramatically by 75-80% (Karppanen and Mervaala 2006).
Later, the UK demonstrated that a 15% decrease in salt intake is linked to a signifi-
cant reduction of blood pressure and mortality from stroke and ischemic episodes
(Watroba and Szukiewicz 2016). Since then, 30% of sodium reduction has been
included in the strategies of the World Health Organization to combat NCDs, and
according to a 2015 review, 75 countries have adopted strategies to achieve this goal
(Trieu et al. 2015).

Apart from the causal relationship of high sodium intake with blood pressure and
CVD, some studies have shown possible associations with damage in several organs
such as the kidney, stomach, and bones, malfunction in the immune system, hor-
monal and oxidation mechanism, and the gut microbiome balance (He et al. 2020).
However, as many researchers discuss, salt reduction strategy is usually combined
with a healthier lifestyle in observational studies, and the synergistic effect cannot
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be fully discriminated from the alt reduction alone. According to WHO and CDC
recommendations, less than 5 g/day salt and 2 g of sodium with more than 3.5 g of
potassium should be consumed daily by adults (World Health Organization 2013;
CDC 2017). As with every nutrient, optimum intakes are required for the normal
function at a cellular and organism level. A meta-analysis of sodium intake and
CVD showed that not only excessive (>12.5 g) but also extremely low levels of salt
(<5.6 g) were related to poor health outcomes. In addition, bio individuality stem-
ming from our genes and other risk factors shapes different salt sensitivity levels
that needs to be considered (Graudal et al. 2014). Overall, there is mounting evi-
dence that high sodium intake has many adverse effects and especially when it is
combined with the ingestion of processed foods, but at low levels sodium is crucial
for the maintenance of fluid and blood volume and the normal function of nerve cells.

2.5 Free Sugars

Free sugars which are defined as “all monosaccharides and disaccharides added to
foods by the manufacturer, cook, or consumer, plus sugars naturally present in
honey, syrups, and fruit juices” according to the WHO and the FAO have been the
subject of intense debate concerning health effects. As stated elsewhere, this term
includes all sugars but the lactose found in milk and the naturally occurring sugars
found in the outside structure of food such as the fruit skin (Ludwig et al. 2018).
Sugar consumption has been known for its detrimental effects on oral health. Indeed,
according to a systematic review that was later used by WHO experts, a 10% free
sugar reduction is positively associated with lower caries. In comparison, 5% was
associated with a better outcome, a strategy adopted by the Scientific Advisory
Nutrition Committee (Moynihan and Kelly 2014; SACN 2015). Although there are
some inconsistencies in the field, sugar intake has been associated with several dis-
ease outcomes, including CVD (Te Morenga et al. 2014; Dinicolantonio and Okeefe
2017), diabetes, and autoimmune diseases (Zhang et al. 2019; Correa-Rodriguez
et al. 2020). Moreover, data from animals study show that a Western diet rather than
a high-fat diet can lead to a psoriasis-like phenotype which occurs earlier than obe-
sity, suggesting that sugars’ effect on health is independent of obesity (Shi
et al. 2020).

Although studies linking sugar intake with skin diseases like psoriasis and atopic
dermatitis are scarce, and the exact mechanism is not fully understood, it is sug-
gested that sugar is a crucial contributor to chronic inflammation of autoimmune
diseases and NCDs in general (Manzel et al. 2014; Nosrati et al. 2017). Specifically,
positive associations have been demonstrated between intake of sugar and estab-
lished cardiovascular markers, namely, blood pressure, and levels of triglycerides,
LDL, and total cholesterol in meta-analyses of randomized controlled trials. The
authors suggest that fructose commonly found in sugar-sweetened beverages,
honey, sucrose syrup, and fruit is more likely to be the cause for the sugar-related
increase of cardiometabolic indicators. Also, excessive fructose intake has been
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implicated in weight gain and as a critical contributor to the obesity epidemic.
Because the sweet taste of fructose-rich products causes satiety, some suggest that
weight gain stems from excessive food consumption caused by satiety. Recent data
indicate that under physiological conditions, fructose is metabolized in the intestine
and the liver, increasing blood glucose and insulin. However, when fructose is con-
sumed excessively, it reaches the colon and liver where it is metabolized leading to
de novo lipogenesis through several pathways, including the feeding of TCA cycle
with the fructose-derived pathway with pyruvate which in turn is metabolized to
citrate and then to acetyl-CoA by the enzyme ATP citrate lyase. However, a study
published in Nature, March this year, showed for the first time that de novo lipogen-
esis can occur even in the absence of ACLY through a distinct pathway that involved
the gut microbiome (Postic 2020; Zhao et al. 2020b). Briefly, using isotope-tracer
methodology and metabolomics, it was demonstrated that fructose could be metab-
olized to acetate by the gut microbiome in the liver resulting in hepatocyte-related
lipogenesis. Also, fructose even though its metabolism is not insulin-dependent,
when is ingested excessively, it has been shown to augment hyperinsulinemia and
insulin resistance via direct and indirect pathways in the liver, independently from
weight increase and total calories, while promoting liver inflammation through
mitochondrial fatty acids oxidation impairment and stress of the endoplasmic retic-
ulum (Softic et al. 2020).

Interestingly, glucose, which is also a monosaccharide-like fructose with the
same molecular formula but a different structure, has not been shown to act simi-
larly with fructose when used as a sweetener in terms of de novo lipogenesis. The
WHO guidelines include the reduction of sugar to 10% of energy intake while high-
lighting the beneficial effects of further reduction to 5%, based on existing literature
(e-Library of Evidence for Nutrition Actions (eLENA) 2019). In other words, 25 g
of free sugar per day or 2 oranges is recommended for a healthy individual. Sugar
consumption today ranges from 13% to 17%, of which 50% is in the form of fruc-
tose (Merino et al. 2020). In the UK, children 4—10 years old 13.5% of energy intake
is in the form of free sugars, according to the UK National Diet and Nutrition Survey
(NDNS), and similar are the findings in the USA. Overall, there is accumulating
evidence that excessive free sugar intake is involved in the onset of metabolic
changes that promote the development of ADs and NCDs.

2.6 Alcohol

Alcohol consumption is one of the leading risk factors of NCDs. Some suggest a
beneficial effect when consumed moderately, but recent comparative reviews ques-
tion this relationship. On the contrary, a series of epidemiologic studies have indi-
cated that heavy alcohol consumption increases the risk of cardiovascular disease
and liver disease and has been associated with more than 50 diseases (WHO 2018b;
Millwood et al. 2019). Specifically, more than 5% of the global burden of disease
can be attributed to alcohol, and some of the major contributors are cancers, chronic
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liver disease, and cardiovascular diseases. Through the increase of blood pressure
and the disturbance of lipid profile, excessive drinking is linked with overall CVD
posing a major challenge of modern societies (Chiva-blanch and Badimon 2020). In
addition, it has a detrimental effect on the gut microbiome and immunotolerance
and has been regarded as an associating factor with the presence of ADs (Wang
et al. 2010; Sarkar et al. 2015).

2.7 Physical Activity

Another important risk factor for NCDs is physical activity, the movement of the
body that requires energy such as walking or cycling, which ranks among the top
causes of early mortality (WHO 2018a). Globally, 30% of the population is not tak-
ing adequate physical activity according to the global recommendations on physical
activity for health. Insufficient physical activity refers to less than 150 min/week of
moderate-intensity aerobic exercise or less than 75 min/week of intense exercise for
adults. According to a large epidemiological study on nearly two million people
around the world, published in Lancet, it showed that high-income countries are
twice more prevalent in physical inactivity than low income mostly due to the dif-
ferent means of transport and nature of work (Guthold et al. 2018; Lear et al. 2017).

Several studies have demonstrated the positive effects of physical activity not
only in prevention but also for the improvement of disease progression and the qual-
ity of life of patients. Indeed, in a 130.000 people observational study from different
countries of every income category, moderate physical activity was associated with
a more than 20% reduction in risk for major CVD and risk for all-cause mortality.
The negative association between physical activity and the risk was dose-dependent,
suggesting that more exercise than the 150 min/week has additional benefits (Lear
et al. 2017).

Moreover, physical activity has been shown to regulate the immune responses,
thus benefiting patients with autoimmune diseases, including multiple sclerosis,
rheumatoid arthritis, and inflammatory bowel diseases. Importantly, patients with
autoimmune diseases experience musculoskeletal complications that significantly
deteriorate their quality of life. Exercise can contribute to the maintenance of mobil-
ity function through enhanced muscle strength, coordination, and weight balance
(Sharif et al. 2018). More importantly, it has been shown that regular moderate
exercise can increase glucose uptake and reduce insulin resistance, which are deter-
minant factors for the onset and progression of NCDs (DeFronzo et al. 1987).
Finally, in a case-control study, it was shown that exercise was a very important
factor for the development of a model predicting the presence of autoimmune dis-
eases based on the levels of fatty acids and lifestyle factors (Tsoukalas et al. 2019c).
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2.8 Cigarette Smoking

Tobacco use is the most prevalent modifiable risk factor of the main NCDs, includ-
ing CVD, cancer, respiratory disease, and diabetes, as well as neurological disor-
ders. It is estimated to cause around 71% of all lung cancer deaths, 42% of the
chronic respiratory disease, and almost 10% of CVD. It is estimated that around six
million people each year are killed by tobacco, approximately one person every
6 seconds, from whom more than five million are due to direct tobacco use and
600,000 due to their exposure to second-hand smoke. Moreover, tobacco is respon-
sible for 14% of the global NCDs deaths of adults age for more than 30 years. In
2020, the number of deaths attributed to tobacco use increased to eight million
people annually, with seven million of those deaths due to direct tobacco use and
around 1.2 million due to non-smokers being exposed to second-hand smoke. Still,
almost 80% of them, corresponding to 1.3 billion tobacco users, come from low-
and middle-income countries, with tobacco use, greatly contributing to poverty and
replacing basic needs, such as food. Due to the very high rates of tobacco use mor-
bidity and mortality, the healthcare costs for treating the diseases caused by tobacco
are significantly high in several countries (World Health Organization 2020).

The molecular pathways involved in the effect of cigarette smoking on NCDs,
include metabolic shift and oxidative stress contributing to the development and
progression of cardiovascular damage (Leone 2005). More specifically, metabolic
changes mediated by cigarette smoking substances lead to the development of ath-
erosclerotic lesions and atherosclerotic plaque through narrowing of the vascular
lumen and induction of a hypercoagulable state that in turn increases the risk of
acute thrombosis. Briefly, cigarette smoking leads to endothelium dysfunction by
directly affecting the endothelial cells triggering the formation of atherosclerotic
plaques, which with the combination of other inflammation mechanisms will
develop into vulnerable plaques prone to rupture (Csordas and Bernhard 2013).
Cigarette smoking also affects other risk factors, such as low levels of HDL choles-
terol and glucose intolerance (CDC 2008). Moreover, hematological changes are
also triggered by tobacco exposure, including increased white blood cells, platelet
aggregation, changes in serum lipids, and fibrinogen levels. The most important
specific markers used for the determination of exposure to tobacco include nicotine
and its metabolites, such as carbon monoxide, cotinine, and thiocyanate with coti-
nine being the most potent urine marker.

Nevertheless, carboxyhemoglobin levels seem to be more a qualitative rather
than a quantitative factor for the level of exposure, or the amount of cardiovascular
damage (Leone 2005). Also, hair analysis is used to determine the levels of cotinine,
which accumulates in the hair during hair growth allowing the long-term monitor-
ing of the accumulative effects of tobacco exposure (Florescu et al. 2009). It should
be noted that all forms of tobacco are harmful, including cigarette smoking, water-
pipe tobacco, and other various smokeless tobacco products, cigars, pipe tobacco,
etc. More specifically, the use of waterpipe tobacco and other smokeless tobacco
products are harmful, similar to cigarette smoking. It has been suggested that
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waterpipe tobacco is highly addictive due to containing nicotine and significantly
damaging for human health.

Moreover, heated tobacco products that are promoted the last years as being less
harmful produce aerosols with nicotine and other toxic products upon tobacco heat-
ing that lead to increased risk of cancers of the head, neck, throat, esophagus, and
oral cavity, as well as several dental diseases (Davis et al. 2019). Similarly,
e-cigarettes that are electronic systems delivering nicotine or not produce an aerosol
upon heating a liquid that is inhaled by the user. They can also be highly addictive
and harmful, especially when used by children or adolescents whose brain is still
under development, as well as pregnant women, as it can be damaging for the fetus.
Finally, it has been shown to increase the risk of CVD and lung disease, but its long-
term effects remain to be studied the following years (CDC 2020).

3 Environmental Factors

Environmental factors are very important contributors to disease, and recently they
have been acknowledged as risk factors for NCDs. However, in countries like
Southeast Asia, air pollution is the leading cause of NCDs. It is estimated that
environment-related deaths from NCDs account for 2/3 (8.2 M) of total deaths
(12.6 M) caused by the environment. Apart from air pollution, environmental fac-
tors include radiation, second-hand smoke, noise, unhealthy drinking water, smok-
ing, exposure to carcinogens and other harmful toxic agents, heavy metals, and
mostly lead and mercury (World Health Organization 2017). Health complications
to these factors include mostly cardiovascular disease, where 1/3 of CVD is attrib-
uted mostly to air pollution and at a lower level to other environmental factors.

3.1 Air Pollution

According to data from the Global Health Observatory for mortality from all or
specific causes, air pollution was responsible for 22% of CVD deaths, 26% of isch-
emic heart and 25% of stroke deaths, 53% of COPD deaths, and 40% of deaths from
cancer in the lungs (Wang et al. 2016). In line with NCDs incidence and related
death rise, ambient air pollution has risen by 9% for the period 2010-2016, raising
the awareness of international health organizations to address this challenge. The
third United Nations high-level meeting on NCDs recognized air pollution (ambient
and household) as a risk factor for NCDs in 2018. Since then, several interventional
strategies have been proposed towards a more sustainable environment (Priiss-
Ustiin et al. 2019). An important factor for the NCDs incidence caused by environ-
mental risks is early-life exposure. More than 25% of deaths among children below
5 years old are associated with the environment, and exposure to polluted air has
been linked with premature and low-weight birth for a pregnant mother and NCDs
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onset for the children and adolescents. Asthma, the most common NCD among
children, has been studied extensively concerning the role of air pollution on its
development. In contrast, a recent study showed that improvement in air quality
could prevent almost 50% of asthma cases (Pierangeli et al. 2020).

Air pollution, referring to the polluting substances or particulate matters in the
air that can have a harmful effect on living organisms, can have direct and immedi-
ate or indirect, and at a later stage, effects on health. Particulate matters normally
are formed in the air through the interaction between chemical substances and are
categorized based on their diameter. It has been shown that the smaller their diam-
eter, the greater the risk for human health because of their increased penetration to
the body. Immediate impact can be caused via the binding compounds present in
gases or aerosols such as CO, and NO, to hemoglobin competing with oxygen, lead-
ing to hypoxia and toxicity (Schraufnagel et al. 2019). Studies investigating the
short-term exposure effect of air pollutants showed increased hospitalization and
admission at the emergency department for patients with respiratory issues such as
asthma and COPD. In China, a longitudinal analysis of 84 patients with COPD
showed that exposure to ambient air pollution and specifically NO,, CO, and SO,
was linked to reducing lung function measured by Forced Vital Capacity percentage
(FVC%) and reduced the anti-inflammatory and increased pro-inflammatory mark-
ers (Gao et al. 2020). These findings are in line with previous studies with COPD
patients, and notably, the correlation is stronger in patients that smoke suggesting a
synergistic effect between pollutants and smoke agents (Dadvand et al. 2014).

Additionally, a large global study in 652 cities of 24 countries published in
NEJM highlighted the positive association between CVD, respiratory disease and
all-cause mortality, and short exposure to ambient air pollution, even below the
allowed threshold of pollutants concentrations. Concerning CVD, several studies
have reported significant associations between short-term exposure to particulate
matters with blood pressure and out-of-hospital cardiac arrest (Zhao et al. 2020a).

In a more long-term manner, pollutants of the air promote oxidative stress and
systemic inflammation and have been implicated in dysfunction of distinct organs
reviewed by Schraufnagel D. et al. (Schraufnagel et al. 2019). Global health organi-
zations have developed tools for the risk assessment of air pollution for long-term
and short-term exposure. AirQ+ is a software developed by the World Health
Organization (WHO) Regional Office for Europe enabling users to quantify and
assess the magnitude of air population with specific characteristics used as input on
health including morbidity and mortality incidence projections for acute and chronic
diseases. A comparative review and discussion of the collected data from AirQ
models by Conti G O et al. identified the limitation of not including a large variety
of pollutants as input to the software, thus providing only a part of the picture
(Oliveri Conti et al. 2017).
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3.2 Heavy Metals

Another type of environmental pollution with a significant effect on human health
is heavy metals. Although some are essential for life such as iron, zinc, and manga-
nese at small doses, some others, including cadmium (Cd), mercury (Hg), and lead
(Pb), have no known beneficial effect and can be rather dangerous. Heavy metals
have increased dramatically due to the anthropogenic activity and can be found in
the atmosphere, the water, the soil, and thus the living organisms. Through the food
chain, the accumulation of these heavy metals to humans can be such that it will be
dangerous. The absorption of heavy metals from vegetables through the soil result-
ing in the chronic-low grade exposure to them to humans has been well studied for
years. Briefly, heavy metals can either directly affect organs such as the brain, the
kidney, and the heart or displace essential nutrients leading to significant disruption
of metabolic pathways and oxidative stress (Jaishankar et al. 2014). However, new
evidence indicates an additional pathway through which heavy metals affect health,
which is through alteration of the microbiome (Chiu et al. 2020).

3.3 Concluding Remarks

NCDs morbidity and mortality upward trends represent a major challenge for the
healthcare sector. Based on epidemiological data and observational studies, global
health agencies have defined the key environmental factors and the intermediate
mechanisms that shape the unhealthy environment and trigger or aggravate NCDs
(Fig. 13.2). Diet is the primary factor that is associated with NCDs mortality, sug-
gesting that through an intervention to people’s daily dietary choices, 20% or 11
million of global deaths could be prevented. However, as studies suggest, the rela-
tionship between nutrients and health is complex and dynamic, which requires
sophisticated tools to identify and monitor their metabolism.

Metabolomics is a promising tool that can be valuable to several healthcare posi-
tions and specialties. As a scanning tool, metabolomics can demonstrate nutritional
deficiencies or hidden hunger that underlie an NCD, allowing primary care profes-
sionals to replenish these deficiencies under a balanced diet with a personalized
dietary intervention (Tsoukalas et al. 2017). As shown in the explanatory figure of
vitamin B12 pathway, blood levels of nutrients are not sufficient and reliable mark-
ers to reflect the bioavailability of nutrients, whereas intermediate metabolites par-
ticipating in the pathways fueled by these nutrients are more robust (Fig. 13.1).
Moreover, dietary interventions can be monitored for their efficacy in an individual
with metabolomics, based on the genetic profile, underlying disease and drug treat-
ment. These factors may affect nutrients absorption or metabolism. Dietary com-
pounds can increase or reduce the risk of NCDs through their interaction with gene
expression and post-translational modifications. Metabolomics can capture the
effect of selected dietary compounds on metabolism, allowing the healthcare
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professional to personalize the intervention. Finally, specific metabolic biomarkers
that are related to diet-related complications such as insulin resistance and pro-
inflammatory context can be valuable predictive tools for individuals at risk of
developing NCDs or ADs. For example, dihomogamma-linolenic acid is related to
insulin resistance, inflammation, and the presence of autoimmune diseases suggest-
ing the potency as a predictive biomarker (Tsoukalas et al. 2019a; Tsoukalas
et al. 2019¢).

An additional burden to health, apart from dietary and lifestyle factors, is toxi-
cants from cigarette smoking, dietary heavy metals, and air pollution. The molecu-
lar mechanism by which these factors negatively affect human health is not fully
described but accumulating data show their causal relationship with NCDs onset.
Oxidative stress and inflammation are central mechanisms that have been shown to
be significantly induced under the exposure to PM or cigarette smoke, also affecting
the human metabolome and promoting insulin resistance (Fig. 13.2). Also, heavy
metals obtained through diet have been shown to affect the normal function of the
metabolic pathways through their interaction with the enzymes. As such, an asso-
ciation between exposure to toxicants with metabolic phenotypic changes can pro-
vide valuable information to health and governmental bodies towards sustainable
environmental solutions. In a more patient-centered view, metabolomics can iden-
tify the specific metabolic pathways that are disturbed and the enzymes and metabo-
lites that are involved indicating the points of the metabolism that require attention
through dietary or medication interventions.

Overall, metabolomics, as a tool of precision medicine, presents an opportunity
to move from evidence-based medicine that focuses on diseases and symptoms
management of NCDs, towards medical approaches that combine effective screen-
ing, prevention, and health promotion strategies, while offering personalized inter-
vention targeting the risk factors in line with the standard treatment.
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