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Chapter 1 ®)
Unhealthy Lifestyle Behaviors During e
Pregnancy and Offspring Health Risks

at Birth and Early Childhood

Xin’nan Zong and Bo Xi

Abstract Pregnancy is a special stage linked to various biopsychosocial changes.
Lifestyle behaviors during pregnancy may change along social, mental and phys-
ical changes in a woman’s body. This chapter focused on the potential impact of
several common unhealthy lifestyle behaviors (e.g., physical inactivity and seden-
tary behaviors, alcohol use, exposure to tobacco smoke, unhealthy diet, sleep distur-
bances, psychosocial/mental stress) on offspring health risks at birth and early child-
hood. In fact, adherence to healthy lifestyle behaviors, the majority of adverse health
consequences may be avoidable for newborn babies and young children. Further,
healthy lifestyle interventions during pregnancy are expected to promote the health
of mothers and their offspring from the earliest moment in life.

Keywords Growth restriction + Low birth weight - Cesarean - Stillbirth - Birth
defects + Fetal alcohol syndrome - Attention-deficit hyperactivity disorder -
Asthma - Allergy

Introduction

Pregnancy is a special stage linked to various biopsychosocial changes. Lifestyle
behaviors during pregnancy may change along social, mental and physical changes
in a woman’s body. Several unhealthy lifestyle behaviors, including physical inac-
tivity, sedentary behavior, alcohol use, exposure to tobacco smoke, unhealthy diet
pattern, sleep disturbance, and psychosocial/mental stress, may occur during preg-
nancy that may have potential substantial impacts on offspring health risks at birth
and early childhood. In addition, these unhealthy lifestyle behaviors may have more
complicated interaction effect.
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From the perspective of life course epidemiology, biological studies of early life
experiences have focused largely on prenatal or infant life, and have led to some clear
understanding that periods of rapid organ system development during pregnancy and
childhood are critical to later adult health [1]. A recent systematic review demon-
strated the effect of periconceptional maternal lifestyle on clinical biomarkers and
features of placental development and function during pregnancy [2]. A synthesis
of existing empirical evidence posits that obesity epidemic in childhood may be the
consequence of non-genetic evolutionary processes altering the interplay between
maternal energy resources (e.g., adiposity and body mass), maternal patterns of phys-
ical activity, and the ensuing metabolic sequelae of pregnancy that may affect subse-
quent fetal outcomes [3]. A population-based birth cohort showed cardiovascular
risk factors (micro- and macro-vascular) tracked from mother to child, regardless
of the course of pregnancy [4]. From the perspective of Developmental Origins of
Health and Disease (DOHaD) theory, coronary heart disease and type 2 diabetes
may originate in early life through two widespread biological phenomena, namely
compensatory growth and developmental plasticity [5]. Therefore, the deep under-
standing for associations between unhealthy lifestyle behaviors during pregnancy and
offspring health risks at birth and early childhood may be very helpful to improve
maternal well-being and prevent offspring adverse consequences.

This chapter focused on the potential impact of several common unhealthy
lifestyle behaviors during pregnancy on offspring health risks at birth and early
childhood, and provided more evidence for discussing, developing and revising
interventions and recommendations.

Physical Inactivity and Sedentary Behaviors During
Pregnancy

Physical inactivity and sedentary behaviors have been shown a substantial increase
during pregnancy and are a cause of obstetric co-morbidity [6]. Compared with
trained (e.g., exercise and sport) and physical activity, physical inactivity and seden-
tary behavior represent lower body movement and energy expenditure level that may
cause adverse health outcomes [7].

Regular physical activity has been proven to result in remarkable benefits for
both mother (including improved cardiovascular function, increased mood stability,
limited pregnancy weight gain, decreased musculoskeletal discomfort, reduced inci-
dence of muscle cramps and lower limb oedema, attenuation of gestational diabetes
mellitus and gestational hypertension) and offspring (including improved stress toler-
ance, advanced neurobehavioral maturation, decreased fat mass) [8]. Another meta-
analysis of 14 randomized controlled trials also concluded that structured physical
exercise programs during pregnancy seemed to be safe for newborns, mainly favoring
alower birth weight within normal range [9]. Physical activity during pregnancy was
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therefore recommended in some national guidelines and international guidelines
[10, 11].

Increased time in sedentary behaviors during pregnancy may have potential impact
on pregnancy outcomes for both mother (e.g., high levels of C-reactive protein and
LDL Cholesterol) and child (e.g., larger abdominal circumference and higher birth
weight) [12]. A systematic review and meta-analysis of 12 randomized controlled
trials showed that in comparison of being more sedentary, aerobic exercise for about
30-60 min per time three to seven times per week during pregnancy was linked
to a reduction in the incidence of preterm birth in overweight and obese pregnant
women [13], as well as further aerobic exercise for 35-90 min per time three to four
times per week may be safely performed by normal-weight women with singleton,
uncomplicated gestations [14].

Alcohol Use During Pregnancy

Alcohol use during pregnancy is common in many countries. Alcohol use during
pregnancy is the direct cause of fetal alcohol syndrome (FAS) that was linked to
gross motor deficits (e.g., balance, coordination and ball skills) [15]. It was esti-
mated that one in every 67 women who consumed alcohol during pregnancy would
deliver a child with FAS which translates to about 119 thousand children born with
FAS around the world every year [16]. A population-based cohort showed that a
fourfold increased risk of birth defects classified as alcohol-related birth defects was
observed after heavy prenatal alcohol exposure in the first trimester [17]. A longi-
tudinal study confirmed high sustained prenatal alcohol exposure was associated
with deficits in weight and length at birth, and deficits in psychomotor and mental
performance at 6 to 12 months of age and even low-to-moderate prenatal alcohol
exposure continued across gestation was linked to certain deficits [18]. Maternal
alcohol consumption during pregnancy may be associated with a markedly increased
risk of acute myeloid leukemia as well as neurodevelopment and cognition in child-
hood [19-21]. Prohibition and abstinence of alcohol consumption should be screened
periodically for all pregnant women and women of child-bearing age [22, 23]. More
effective interventions targeting alcohol use during pregnancy are urgently needed.

Exposure to Tobacco Smoke During Pregnancy

Attention-deficit hyperactivity disorder (ADHD) may be associated with prenatal
exposure to cigarettes (OR = 2.1; 95% CI: 1.1-4.1) and prenatal exposure to alcohol
(OR = 2.5; 95% CI: 1.1-5.5) during pregnancy [24]. Exposure to tobacco smoke
in utero was suspected to be linked to childhood ADHD and ADHD symptoms
[25]. Current systematic review showed that exposure to cigarettes, alcohol or illicit
drugs during pregnancy might play a role in the development of neuroblastoma in
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children [26]. A systematic review and meta-analysis including 18 studies further
showed that secondhand smoke exposure, and particularly passive fetal exposure
to maternal smoking during pregnancy, significantly increased the health risk of
invasive meningococcal disease in childhood [27].

Maternal smoke exposure during pregnancy was connected with reduced fetal
anthropometric measurements after the first trimester, particularly reduced head size
and femur length [28]. Exposure to environmental tobacco smoke for non-smoking
pregnant women may lead to reduces of mean birth weight by 33 g or more, and
increases of the health risk of birth weight below 2500 g by 22% [29]. Exposure
secondhand smoke for pregnant women were may be associated with the health
risk of stillbirth (OR = 1.23; 95% CI: 1.09—-1.38) and congenital malformation (OR
= 1.13; 95% CI: 1.01-1.26) [30]. A systematic review and meta-analysis further
strengthened the evidence that pregnant women should not smoke, and all women
of reproductive age should be warned that exposure to nicotine and smoke products
increases the health risks of stillbirth, neonatal death, and perinatal death [31].

Current evidence from systematic review and meta-analysis showed prenatal
exposure to maternal smoking may play an important role on the induction of
wheezing and asthma in children, particularly in the first years of life [32, 33].
In addition, childhood obesity may be also associated with prenatal exposure to
environmental tobacco smoke [34].

Unhealthy Diet During Pregnancy

A mother’s diet patterns during pregnancy may have potential influence on both
herself and her child’s short- and long-term health. A systematic review and meta-
analysis from 25 observational studies showed that unhealthy dietary patterns during
pregnancy, which was characterized by high intakes of refined grains, processed
meat, and high saturated fat or sugar foods, were connected with lower birth weight
(mean difference: —40 g; 95% CI: —61 to —20 g) and higher risk of preterm birth
(OR = 1.17; 95% CI: 0.99-1.39) [35]. On the contrary, another systematic review
and meta-analysis including 21 studies showed that dietary patterns with a higher
intake of fruits, vegetables, legumes, whole grains and fish were linked to a decreased
likelihood of adverse pregnancy and birth outcomes, such as pre-eclampsia (OR =
0.78;95% CI: 0.70-0.86), gestational diabetes (OR = 0.78; 95% CI: 0.56-0.99), and
preterm birth (OR = 0.75; 95% CI: 0.57-0.93) [36]. A synthesis of current findings
also revealed the positive association between unhealthy diet patterns (such as food
low in fruits, vegetables, fish and unsaturated fats and high in fat, sweets and salt)
and maternal antenatal depressive and stress symptoms that may increase ultimately
the risk of adverse health consequences in the offspring [37, 38].

According to a synthesis of current findings, a strong level of evidence supported
the association between disordered eating during pregnancy and depressive and
anxiety symptoms during pregnancy [39]. Further, eating disorders were linked to
anxiety and depression and also have negative consequences for both mothers and
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fetuses (e.g., cesarean, miscarriages, and premature births) [40]. Health education of
healthy diet patterns during pregnancy should be strengthened to make dietary struc-
ture more reasonable, and to further reduce the occurrence of adverse pregnancy and
birth consequences.

Sleep Disturbances During Pregnancy

Sleep disturbances are frequent during pregnancy, which were usually considered
to be connected with adverse maternal and fetal outcomes. A systematic review
and meta-analysis of 10 observational studies showed that short sleep duration and
poor sleep quality may be linked to an increased risk of preterm birth [41]. Another
systematic review and meta-analysis of 65 studies showed that sleep disturbances
(e.g., obstructive sleep apnea, snoring, extreme sleep duration and poor sleep quality)
were associated with an increased risk for preeclampsia (OR = 2.77; 95% CI: 1.81—
4.24), gestational diabetes (OR: 1.96; 95% CI: 1.62-2.38), cesarean delivery (OR =
1.99; 95% CI: 1.70-2.33), depression (OR = 3.98; 95% CI: 2.74-5.77) and preterm
birth (OR = 1.95; 95% CI: 1.55-2.45) [42]. Maternal sleep-disordered breathing
during pregnancy may be associated with increased risks of adverse intrapartum and
perinatal consequences, such as low birth weight, intrauterine growth restriction,
preterm birth, cesarean delivery, low Apgar score, as well as gestational diabetes,
pregnancy-related hypertension and preeclampsia [43—45]. Furthermore, a system-
atic review and meta-analysis showed poor sleep quality may be also linked to peri-
natal mood disturbances [46] that may increase ultimately the risk of adverse health
consequences in the offspring. Therefore, expectant mothers should be advised to
practice healthy sleep measures.

Psychosocial/Mental Stress During Pregnancy

Prenatal maternal stress may influence offspring’s atopic risk through sustained
cortisol secretion resulting from activation of the hypothalamic-pituitary axis. A
systematic review and meta-analysis including 30 studies (enrolling > 6 million
participants) showed prenatal maternal psychosocial stress may be linked to increased
risks of allergy and asthma in the offspring [47]. A South African birth cohort reported
the association between maternal antenatal and/or postnatal psychosocial risk factors
(including psychological distress, depression, alcohol abuse and intimate partner
violence) and infant lower respiratory tract infection [48]. Another large prospective
birth cohort study of 7,814 mother—child pairs showed prenatal maternal depression
symptoms were associated with unhealthy diet, and both depression and unhealthy
diet were also each independently associated with abnormal child development [49].
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In addition, a systematic review also displayed there may be a direct association
between maternal prenatal stress and later obesity in the offspring [50]. Efforts should
be made to improve maternal well-being to decrease the risk of offspring adverse
health consequences.

Perspective

Epidemiological studies have indicated that exposure to some common adverse
lifestyle behaviors during pregnancy (such as physical inactivity/sedentary behavior,
alcohol use, exposure to tobacco smoke, unhealthy diet pattern, sleep disturbance,
and psychosocial/mental stress) may be linked to adverse health consequences in the
offspring. In fact, the above-mentioned adverse lifestyle behaviors during pregnancy
are avoidable risk factors for offspring adverse health outcomes at birth and early
childhood. Evidence that long-term health is shaped by the environment in early life
calls for prenatal interventions to reduce the burden of chronic disease, however,
society should not blame the mothers, by contrast, clearly should support mothers to
secure future public health [51, 52].

The above-mentioned unhealthy lifestyle behaviors are prevalent during preg-
nancy that may result in severe health consequences in the offspring if they cannot
be prevented and controlled effectively. Adherence to healthy lifestyle behaviors
during pregnancy, such as regular aerobic physical activity, quitting smoking and
being away from secondhand smoke, abstain alcohol use, healthy diet pattern (such
as characterized by high intakes of vegetables, fruits, whole grains, low-fat dairy, and
lean protein foods), appropriate sheep duration and good sleep quality, and positive
and healthy psychosocial/mental status, may reduce the risk of intrauterine growth
restriction, preterm birth, low or high birth weight, cesarean, stillbirth, neonatal or
perinatal death, fetal alcohol syndrome/alcohol-related birth defects, acute myeloid
leukemia, attention-deficit hyperactivity disorder, asthma, allergy, lower respiratory
tract infection, and obesity at birth and early childhood (Fig. 1.1).

A woman who is healthy in the preconception period and during pregnancy is
more likely to have a successful pregnancy and a healthy child. Healthy lifestyle
interventions during pregnancy are expected to improve the overall health status of
mothers and their offspring from the earliest moment in life. Future research should
continue to examine in depth physiological consequences of maternal unhealthy
lifestyle behaviors by adjusting major confounding factors and the robustness of
healthy lifestyle behavior interventions based on current literature evidence. Finally,
we call for heightened awareness of adverse lifestyle behaviors in the preconception
period and during pregnancy, and continued efforts should be made to promote both
maternal health and child health.
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Fig. 1.1 Association between unhealthy lifestyle behaviors during pregnancy and offspring health
risks at birth and early childhood
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The Role of Healthy Lifestyle oo
in the Primordial Prevention of Metabolic
Syndrome Throughout Lifetime: What

We Know and What We Need to Know

Farahnak Assadi®, Mojgan Mazaheri®), and Roya Kelishadi

Disease is an abnormal state of the body which primarily and
independently produces a disturbance in the normal functions of
the body. It may be an abnormality of temperature or from
structure. Symptoms are a manifestation of some abnormal state
in the body. It may be harmful as a colic pain or harmless as
flushing of cheeks in peripneumonia. Avicenna

Abstract The incidence of metabolic syndrome including obesity, elevated blood
pressure, dyslipidemia, and elevated blood glucose, has reached epidemic proportions
in both pediatric and adult populations worldwide. The cost of treatment of metabolic-
related diseases is a major concern to health care community. Suboptimal lifestyle
behaviors, including poor nutrition, physical inactivity, and smoking habits as well as
environmental exposures leading causes of preventable metabolic-related diseases.
The process of metabolic syndrome begins in childhood and tracks for decades,
leading to hypertension, cardiovascular events, diabetes mellitus, chronic kidney
disease, stroke and sudden death during adulthood. Population-based and clinical
studies have shown that healthy lifestyle from early childhood including healthy
maternal diet, reducing salt intake, avoiding tobacco use, regular physical exercise,
reducing the exposure to endocrine disruptor, as well as diet rich in vegetables and
fruits and low in animal fats can prevent or retard the progression of metabolic
syndrome later in life. Cost effective analyses suggest that public policy, community
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efforts and lifestyle modifications are likely to be cost-effective comparing with
pharmacological treatment of risk factors. Early primordial prevention strategies
of metabolic syndrome will provide great value in developing a healthier society
and improved quality of life in older age. This article summarizes the rational and
available data that support a healthy lifestyle approach to primordial prevention
throughout life course and emphasis on the development of healthy lifestyle behaviors
to reduce the risk of metabolic syndrome and its adverse heath consequences.
Graphical Abstract
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Introduction

Currently, we are experiencing an epidemic of metabolic syndrome characterized by
increasing rates of obesity, hypertension (HTN), type 2 diabetes mellitus (T2DM),
cardiovascular disease (CVD) and kidney disease (CKD) in both children and adult
populations worldwide [1]. The burden of metabolic-related syndromes is paralleled
by the enormous cost for delivering care.

The preclinical substrates for metabolic syndrome begin in childhood and are
influenced over time by epigenetic and environmental exposures [2].

Prevention of the development of risk factors in the first place (primordial), and
interventions to modify adverse events of risk factors (prevention) highlight the
importance of preventing the development of metabolic syndrome [3-5].

We do have preventive measures that are relatively simple and quite effec-
tive. Unfortunately, the clinical delivery for preventing or slowing progression of
metabolic syndrome is sadly inadequate or often not adequately implemented.



2 The Role of Healthy Lifestyle in the Primordial Prevention of Metabolic ... 13

Clinical trial evidence clearly indicates that primordial preventions are effective
and provide important information that it will work in communities [6]. According to
the concept of “fetal programming” maternal suboptimal lifestyle habits that disrupt
fetal growth and development in utero can program the fetus to express metabolic
syndrome in later life. The National Children’s Study also supports the value of
primordial prevention beginning early in life by examining the effects of environ-
ment and genetics on the growth, development, and health of American children [7].
This study includes the cohort of children from before birth to 21 years of age and
contributes to an understanding of the role that various factors have on health and
disease. Further evidence comes from studies demonstrating a direct relationship
between risk factors for CVD in childhood and increased carotid vascular changes
in adulthood [8—11].

Metabolic syndrome affects a considerable number of people worldwide and
the prevalence is on the rise in many Western countries as well as in many under
developed societies [12—-14].

The diagnostic criteria of metabolic syndrome has been recently harmonized
according to a joint interim statement provided by the International Diabetes
Federation Task Force on Epidemiology and Prevention; National Heart, Lung,
and Blood Institute; American Heart Association; World Heart Federation; Inter-
national Atherosclerosis Society; and International Association for the Study of
Obesity collectively, provided a harmonized definition of metabolic syndrome [15].
According to this joint statement, a diagnosis of the metabolic syndrome is estab-
lished when 3 of the 5 risk factors including BMI > 30 kg m? (>95th percentile in chil-
dren) or enlarged waist circumference with population—specific and country-specific
criteria, elevated blood pressure, fasting blood sugar (=100 mg/dL), hypertriglyc-
erides (>150 mg/dL), elevated blood pressure > 125/85 mmHg (>90th percentile for
children), and high density lipoprotein cholesterol (HDL-C) (<40 mg/dL in men and
< 50 mg/dL in women) are present (Table 2.1) [15].

Subsequent to the established criteria by this joint statement, waist to height ratio
has been found to be a better predictor of cardiometabolic syndrome than body mass
index (BMI) and waist circumference [16].

Table 2.1 Diagnostic criteria BMI
for metabolic syndrome in
children, adolescents, and

>30 kg/m2 or > 95th percentile
in children

adults Triglyceride (TG) >150 mg/dL
Low-density lipoprotein >200 mg/dL
cholesterol (LDL-C)
High-density lipoprotein <40 mg/dL in men; <50 mg/dL
(HDL-C) in women
Blood pressure >130/85 mmHg or >90th

percentile in children

Fasting blood sugar >100 mg/dL




14 F. Assadi et al.

Pathogenesis

Mechanisms underlying the development of metabolic syndrome are not fully under-
stood. It is suggested that insulin resistance plays a major role in the pathogenesis
of metabolic syndrome [17, 18]. In obesity, increased free fatty acids can result
in increase secretion of cytokines including tumor necrosis factor-a (TNG- a),
interleukins 18, and interleukin-6 leading to insulin resistance [19].

The insulin resistance via several different mechanisms plays a key role to the
development of metabolic syndrome and can result in development of hypertension
(HTN), T2DM, and dyslipidemia [20].

Major Risk Factors for Adverse Health Behaviors Associated
with Metabolic Syndrome

Risk factors including obesity, cigarette smoking, dyslipidemia (high levels of low-
density cholesterol (LDL-C) and low levels of high-density lipoprotein cholesterol)
and elevated blood pressure, physical inactivity has shown to predict increased
carotid-intima-media thickness in adults (Table 2.1) [9, 21-24]. The US Preven-
tive Health Services Task Force has recently introduced a set of lifestyle objectives
including nutrition, weight status, physical activity, and tobacco use for optimizing
the health of American people [25]. The Healthy People 2020 aims to address some
of these risk factors in clinical and community-based prevention in several programs
despite of substantial differences and disparities in the delivery of preventive services
[26]. In addition, obese children and youth with T2DM, have significantly greater
carotid-intima-media thickness than their leaner counterparts [27-29]. Overweight,
obesity and elevated blood pressure is prevalent in children and adolescent. These
children are at risk for a number of metabolic syndrome including HTN, T2DM,
CVD and CKD later in life.

Key Primordial Prevention Strategies for Metabolic Syndrome

The first and most important initiative for prevention of metabolic syndrome is to
develop and improve public awareness about the seriousness of the problem. The
second initiative is to improve prioritization of education programs that would meet
the needs of patient care. Additional initiative is to include standardization of tools
and procedures for education design to implement the population-based strategies
for primordial prevention of metabolic syndrome (Table 2.2).

The population-based strategies to reduce risk factors in childhood to incident
clinical metabolic syndrome in adult life should include comprehensive school-based
programs to increase physical activity, improve nutrition, and prevent tobacco use.
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Table 2.2 Recommended primordial prevention for metabolic syndrome

Diet/Nutrition

Education Educational campaigns to promote consumption of specific healthful
foods and limiting salt and saturated fat consumption

Labeling Detailed nutrition facts on packaged foods and beverages

Schools Educational curricula for improving both school foods and beverages

Workplaces Comprehensive worksite wellness programs focused on nutrition,
physical activity, and tobacco cessation

Goal Weight loss via healthy dietary intervention and physical activity

Physical activity

Education Encourage use of stairs vs. elevators and regular daily walking

Schools Effective interventions on improving physical activity during school
hours

Workplaces Comprehensive worksite wellness programs with nutrition, physical

activity, and tobacco cessation

Tobacco use

Education

Increase public awareness of the tobacco-related health hazards

Labeling

Cigarette packages warning

Schools and workplaces | Community restriction on smoking in public places

Preventive intervention must begin from before birth to throughout life course to
maintain appropriate weight, blood pressure, lipids, glucose, eat healthful foods and
beverages, avoid smoking and do regular exercise [30, 31]. Therefore, rational and
accepted evidence that support a life course community-based approach to primordial
prevention must include the following categories:

Nutrition/Diet

The effects of dietary habits with development of metabolic syndrome begins from
prenatal period and maternal diet has long-term impact on the components of
metabolic syndrome in the offspring [32].

Early life nutrition is also important in this regard, for instance breast-feeding is
documented to have beneficial effects in preventing metabolic syndrome [33].

Whereas excessive caloric intake and physical inactivity are likely important
factors driving the obesity-related HTN, CKD, and CVD epidemic, it is important to
consider additional mechanisms. Evidence suggest that sugar, particularly excessive
fructose intake, has a critical role in the epidemic of cardiorenal diseases. Compre-
hensive interventions to promote healthy eating for school and day care meals and
beverages are highly recommended. It is recommended to improve food labeling and
to increase awareness especially about calories, sodium, fat and added sugar (Table
2.2). Diets rich in fruits, vegetables and whole grains, low fat dairy products as well
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Table 2.3 Recommended Mediterranean diet in the primordial prevention of metabolic syndrome

Recommended

Olive oil Consume >50 g (~4 tablespoon/day)
Nuts Consume >3 serving/week
Vegetables and fruits Consume >4 serving/day

Sea food Consume >3 serving/week

White meal (Poultries) Consume >3 serving/week
Legumes Consume >4 serving/week
Discouraged

Avoid carbonated drinks containing fructose, corn syrup |—

or added artificial sweeteners

Salt Limit sodium intake to <1.5 g/day

as nuts and legumes are proven to be cardioprotective not only because of their low
amount of sodium but also because they contain large amounts of potassium [27].
The American Heart Association recommends limiting consumption of red meat,
sodium intake <1500 mg/day and refined sugar [34—40] (Table 2.3]. Increased added
refined sugars especially fructose should be avoided for their possible link in the
development of metabolic syndrome [41] as well as HTN and CVD [19, 20].

Increased added sugar consumption has also been linked to dyslipidemia [37].
Dietary intervention targeting polyunsaturated fat consumption is an effective mean
to decrease the risk of CVD. Diets containing saturated and trans fats must be avoided,
as they are known to increase the level of LDL-C and the incidence of CVD [38, 39]
(Table 2.3).

Physical Activity

Routine physical activity (30—40 min sessions, 3—4/week) of moderate-intensity exer-
ciseis considered an important life style factor for primordial prevention of metabolic
syndrome [37]. Both aerobic and anaerobic exercises can lower blood pressure and
reduce body fat [42—45].

Initiatives should be undertaken to promote physical activity to ensure schools
adopt and implement high-quality physical education and physical fitness programs
throughout the school day in combination with dietary guidelines.

Blood Pressure

One cannot underestimate the importance of HTN across the breadth of clinical
medicine. HTN affects 20% of the population and the risk of developing HTN
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increases with age to such an extent that the lifetime (cumulative) risk for middle-
aged individuals is 90%. The consequences of HTN include coronary artery disease,
stroke, heart failure, and CKD.

Primary HTN is closely directly correlated with the body weight, body fat and
insulin resistance. High body mass index (BMI), history of prematurity, low birth
weight, and smoking are among risk factors associated with HTN [46].

Recently, the assessment and management of HTN has focused on accurate blood
pressure measurements, appropriate nonpharmacological (lifestyle) strategies for
prevention and control, how to attain target blood pressures that will reduce the
risk of complications and minimize adverse effects, and how to assess and manage
resistant HTN. Each of these topics is dealt with in this theme issue. The treatment of
HTN should include behavioral modification such as sodium reduction. Weight loss
in overweight and obese individuals and appropriate diet are also recommended.

With the marked rises in the prevalence of obesity and HTN in childhood,
blood pressure screening programs for all school-age children and adolescents are
warranted. Efforts to achieve lifestyle changes in diet, physical activity, and weight
managements are the first step in the treatment of mild HTN, in the absence of CKD
or CVD [47]. Dietary Approach to Stop HTN (DASH) have shown benefits in blood
pressure lowering from diets rich in vegetables, fruits, grains, low fat dairy prod-
ucts, and reduced salt intake [48]. DASH diet effects on lowering blood pressure and
CVD risk reductions are comparable to antihypertensive medications used in stage-1
HTN (Table 2.4). Significant decrease in both systolic and diastolic blood pressure
may occur. Reduction in systolic blood pressure by 10 mmHg and in diastolic blood
pressure by 5 mmHg has been reported in patients with mild HTN consuming DASH
diet (Table 2.4). DASH diet also reduce CVD incidence by 15% and stroke by 27%
in hypertensive patients [49, 50].

Table 2.4 Effects of lifestyle

. ) Modification Approximate SBP reduction
intervention on blood
(mmHg)

pressure

Weight loss (10 kg) 5-10

Adopt DASH eating plan 8-14

Dietary sodium reduction 2-8

Physical activity 4-9

Smoking cessation 2-4

SBP systolic blood pressure; DASH dietary approached to stop
hypertension
Modified from: Moore et al. [51] and Doring et al. [52]
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Body Mass Index

Overweight and obesity are known to increase risk of metabolic syndrome including
HTN, dyslipidemia, hyperinsulinemia and impaired glucose metabolism [39]. The
US National Heart, Lung and Blood Institute has defined the following BMI (weight
(kg)/height (m?) for adults:

e Underweight < 18.5 kg/m?
e Normal weight 18.5 to 24.9 kg/m?
e Overweight > 30 kg/m?.

For Children, Centers for Disease Prevention and Control growth charts has
defined overweight as BMI between 85th and <95th percentile and obese as >95th
percentile. Obesity management programs should be implemented in all schools by
reducing calories and promoting physical activity. Calorie-dense snacks between
meals must also be eliminated.

Smoking

Tobacco smoking has been shown to increase the risk of CVD and has been consid-
ered a metabolic risk factor [53]. Smoking prevention interventions in school-age
children and adolescent can be effective by implementing comprehensive smoke-free
clean air environment in schools and public buildings.

Endocrine Disrupting Chemicals (EDC)

Growing body of evidence exists on the role of environmental exposures in the devel-
opment of metabolic syndrome and its consequences. EDCs include environmental,
industrial, nutritional, agricultural, and pharmaceutical chemicals that might change
hormonal activity by simulating natural hormones or antagonizing their actions and
homeostasis in cells [54, 55].

Exposure to these chemicals contribute to the progression of some metabolic
disorders including obesity, metabolic syndrome, and diabetes [56].

Given that these effects begin from prenatal period [57] and continues from
childhood to adulthood [58] healthy lifestyle habits regarding environmental protec-
tion, and reducing the exposure to pollutant chemicals would help in prevention of
metabolic syndrome and its components.
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Type-2 Diabetes Mellitus

T2DM is associated with increased risk of HTN, CVD and CKD. The incidence of
T2DM is also closely related to the increase in prevalence of obesity in children and
adults [59, 60]. Lifestyle modifications and blood glucose screening programs should
be implemented for diabetes prevention especially in the high-risk pediatric and adult
populations. Lowering and maintaining HbAlc to <6.5% is highly recommended.

The community leaders, policy makers, and health care providers must implement
the primordial preventive strategies that promote a healthy diet, increased physical
activity, and cessation of tobacco use at the community level. Lower socioeconomic
status is an established risk factor for metabolic syndrome. Obesity, physical inac-
tivity, smoking, HTN and T2DM are disproportionately prevalent in the low socioe-
conomic populations [61]. Disparities often follow ethnic, racial and low socioeco-
nomic status. To address these disparities, policy makers must provide opportunities
to disadvantage members of their populations to have free access for preventive
screenings and health promotion programs.

Summary

The prevalence of clinical metabolic syndrome including obesity, HTN, dyslipi-
demia, and elevated fasting blood sugar has increased significantly worldwide and in
all age groups. The cost of treatment of metabolic-related diseases is a major burden
on families, communities and public health. Most of these metabolic-related diseases
are preventable. Initiatives should be undertaken to make healthcare providers,
policy makers and the general population more aware of seriousness of metabolic-
related syndrome and its risk for the development of HTN, CKD, CVD, and stroke.
Primary physicians remain the cornerstone for the primordial prevention to improve
metabolic heath. This review provided a range of population-based preventive strate-
gies to promote healthy lifestyle by improving diet, increasing activity, and reducing
smoking habits and exposure to environmental chemicals. Establishment of healthy
lifestyle from childhood is much easier and more effective than attempts to lifestyle
change, and families and health policy makers should consider this.

There are no incurable diseases - only the lack of will. There are no worthless herbs - only
the lack of knowledge. Avicenna
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Chapter 3
Lifestyle Genomic interactions in Health ez
and Disease

Reza Nedaeinia, Sima Jafarpour, Saied Safabakhsh, Maryam Ranjbar,
Parnian Poursafa, Pauline Perez, and Rasoul Salehi

When you do not know the nature of the malady, leave it to
nature; do not strive to hasten matters. For either nature will
bring about the cure or it will itself reveal clearly what the
malady really is. Avicenna (ca. 970-1037)

Abstract There has been increasing interest in how lifestyle may have an impact on
genomics. Nutrition, physical activity and other environmental factors are determi-
nants of health and disease in any defined population, primarily through interaction
with components of the genome and proteome. It is proposed that practical and
reciprocal interactions exist between nutrients and the human genome. The struc-
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tural complex and functional coordination is in a continuously evolving dynamic
state. Nutrigenomics is the study of effect of foods and food components on the
expression of the genome. It may also be defined as the effect of genetic diver-
sity on nutrition by linking gene expression or genetic diversity to nutrient uptake,
metabolism, or biological effects. Current scientific evidence supports the idea of
trans-generational epigenetic influence on gene expressions. Epigenetic effectors
like methylation, acetylation, non-coding RNAs, including microRNAs and long
noncoding RNAs, are influenced by dietary components. Despite the fact that methy-
lation is an enzymatic reaction, the availability of methyl donor moiety from diet
through nutrients, play a pivotal role. Extra-cellular vesicles contain a specific cohort
of epigenetic effectors that are ingested along with various foodstuffs and would
safely travel through the gastrointestinal tract. They are then absorbed into systemic
circulation and delivered to specific end organs with appropriate receptor. Our body is
also influenced by an extensive extra-genomic array of our gut microbiome. An indi-
viduals’ microbiome is an important determinant of energy extraction from various
foodstuffs and also influences energy homeostasis which is the main effector of
metabolic disorder development. Another important aspect of lifestyle is physical
activity and its impact on molecular pathways contributing to the optimal health or
disease state. In this chapter we plan to present a comprehensive overview of lifestyle
genomics in health and disease.
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Introduction

Over the past twenty years, clear explanation of various genomic aspects of lifestyle
and gene interactions with nutrients has come to be the focus of scientific research.
Past studies had focused on the interaction between human genes and diet, which
regulates cell nutrients and organ systems. An increase in the prevalence of non-
communicable diseases (NCDs) such as hyperlipidemia, obesity, osteoporosis, coro-
nary heart disease, diabetes and cancer was observed in Western societies and other
countries. These studies are fundamentally aimed at providing a better quality of life
by preventing chronic diseases such as metabolic syndrome, obesity, diabetes and
cardiovascular disorders. Moreover, recent studies have focused on understanding
the basis of feeding behavior in terms of neural and molecular pathways, and the
influence of many nutritional elements that through influence of genetic factors
regulate the various metabolic pathways.

Archibald Garrod was the first to describe the notion of nutrient-gene interac-
tions in the early twentieth century [1]. The old term of “nutrient-gene interactions”
has changed to the new term of “Nutritional Genomics” with the human genome
project completion in the Omics area. The final goal of Nutritional Genomics is
to develop strategies to deliver personalized nutrition for enhancing health and
preventing chronic disease states [2]. Personalized genomic medicine is a new
approach in which detects different genetic variations that increases the risk of devel-
oping a specific disease. In another word, personalized genomic profiles provide a
tool for the detection of individual risk factors for developing a particular disease with
the aim at risk reduction measures to prevent disease. These measures also include
environmental exposures, vitamin use, diet, or other lifestyle changes. The primary
assumption of this approach is that each person can use his/her genomic profiles
for the reduction of NCDs, or improvement of general health and wellbeing of
the individual [3].

Our understanding of genetic factors related to human health has led scien-
tific research to personalized genomics in categories such as oxidative stress for
skin health and aging profile, oxidative stress profile, obesity susceptibility profile,
cardio genomic profile, osteopenia susceptibility profile, detoxigenomic profile,
tissue repair screen, alcohol metabolism screen, immunogenomic profile which will
help experts in their respective fields [3]. Genetic testing focuses on distinctive aspects
to design a personalized diet plan. These aspects include determining the number of
vitamins and minerals one needs, examining genes involved in controlling appetite,
cravings for sweets, obesity predisposition, how nutrients are metabolized, and genes
related to the body’s response to compounds such as lactose, gluten and, caffeine. For
example, by examining the genetic variations of individuals, diets can be modified so
that a more effective path is designed based on the individual’s genetics and achieve
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maximum effects. Knowledge of individual’s genetic differences will allow nutri-
tionists and geneticists and other team members to design the individual’s nutritional
program for ideal body weight with a lasting outcome. Furthermore, it is possible
that an individual’s genetic predisposition would allow us to identify the individual’s
dietary needs for vitamins and flavors. Moreover, genetic testing can provide infor-
mation on susceptibility to depression and mental health problems, food and drug
allergies in different ethnic groups, ability and capacity for endurance and strength
exercises. Our primary goal is to present an overview of recent studies on various
dimensions of lifestyle genomics in health and disease. This provides a platform for
highlighting new developments in lifestyle-gene interactions and understanding their
impact on health and disease.

We will review how genetics will influence a person’s response to lifestyle factors,
including diet and nutrition, healthy natural products, physical activity, sleep, and
lifestyle factors in the expression of genes, proteins, and metabolites [4].

The aim of this chapter is to summarize the current knowledge of how lifestyle can
impact on genomics to help reduce development of common and chronic diseases,
while facilitating the development of personalized medicine to improve the quality
of life of an individual. It will help understanding the relationship between nutrition
and genetics, the effects of genetic differences in functional foods or nutraceuticals
responses, and the effect of nutrition on gene expression in preventing or controlling
the disease.

Functional Foods and Nutraceuticals

Food is a natural and essential need of human beings and the quality of food has
a significant impact on people’s health. Food has a different value for humans for
centuries, and using food as medicine to treat diseases has a long history. Nutraceu-
tical is a hybrid term derived from “nutrients” and “pharmaceuticals”. This term was
firstintroduced by Stephen L. Defelice in 1989 to define a medical value for foods and
nutritional supplements [5, 6]. Nutraceuticals can deliver a concentrated form of a
foods’ bioactive substances to treat or prevent diseases. There is currently an unlim-
ited and constantly increasing list of nutraceuticals [7]. Nutraceutical compounds
such as antioxidants, probiotics, and vitamins derived from animals, plants, microor-
ganisms, and their health-promoting effects are continuously being discovered in
scientific studies [8]. Recently, nutraceuticals have attracted much attention among
health researchers and nutritionists [9, 10]. On the other side, the term “functional
food” was introduced for the first time in 1984. Functional foods are similar to their
traditional counterparts and are defined as foods or dietary components that have
physiological benefits beyond their nutritional values [11, 12]. Functional foods have
three categories: basic, processed, and enhanced. The last two categories consist of
foods with additive bioactive compounds with the latter being richer in these compo-
nents. Basic foods, on the other hand, are unmodified and only contain natural bioac-
tive substances (such as carrots that contain beta-carotene). Examples of the foods
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containing additive bioactive substances include milk and orange juice, to which
omega-3 fatty acids (FA) and calcium are added during processing, respectively. In
the last category, despite foods containing natural bioactive components, the level of
bioactive constituents are modified by breeding or genetic manipulation (for example,
tomatoes with increased lycopene level) [13]. It seems that there is no clear boundary
between the definitions of nutraceuticals and functional foods, and because of this,
these two words are often used interchangeably [13, 14]. Both nutraceuticals and
functional foods have health benefits that reduce the risk of various diseases. Unlike
functional foods however, nutraceuticals as purified foods are used in different forms
(tablet, capsule, powder) in medicine and are not part of a regular diet. This seems
to be the only difference between the two concepts [15, 16].

Functional Foods, Nutraceuticals, and Human Diseases

Diet components have significant effect on humans’ health and quality of life. The
disease-preventive and health-protective effects of functional foods and nutraceuti-
cals have been reported in many scientific studies [17-19]. Most nutraceuticals which
are derived from fruits and vegetables have anti-inflammatory and anti-oxidant prop-
erties. These compounds are useful in preventing chronic diseases such as cancer
[20], gastrointestinal diseases [21], metabolic syndrome [22], diabetes [23], and
cardiovascular diseases [24]. For example, functional foods take part in a remark-
able role in the efficient management of inflammatory bowel disease (IBD) and
improve their symptoms by modulating anti-inflammatory signaling pathways. Like-
wise, vegetarian diets containing polyphenols, probiotics, amino acids, and omega
3 can regulate many inflammatory cytokines (e.g., IL-1, IL-10, IL-6, and TNF-«) in
IBD [25].

Diabetes Mellitus

Numerous studies have shown that nutraceuticals/functional foods have anti-diabetic
effects [26, 27]. Functional foods’ bioactive compounds can prevent carbohydrate
absorption in diabetic patients after a meal. Alpha-amylase and a-glucosidase are
two principal enzymes that hydrolyze complex carbohydrates to glucose and even-
tually cause postprandial hyperglycemia [28, 29]. Many polyphenols and phenolic
compounds are suitable inhibitors of a-glucosidase and a-amylase enzymes [30,
31]. The increased levels of sorbitol in people with diabetes can cause nephropathy,
retinopathy, neuropathy, etc. [32]. In hyperglycemic states, the aldose reductase
enzyme produces sorbitol via the polyol pathway, therefore, inhibiting this enzyme
is one of the therapeutic approaches in patients with hyperglycemia [33]. Some
nutraceuticals can block aldose reductase in diabetic patients. Products such as
calabash nutmeg, bitter leaf, Ethiopian pepper, and ginger have also shown vigorous
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Table 3.1 The anti-diabetic properties of functional foods and nutraceuticals

Functional foods/ nutraceuticals Anti-diabetic mechanism
Flavonols [37] a-glycosidase inhibitors
Flavonoids [38—40] a-glycosidase inhibitors
Caffeic & Chlorogenic acids [41] a-glycosidase inhibitors
Xanthones [42] a-glycosidase inhibitors
Sacrcoviolins isolated from the edible mushroom [43] a-glycosidase inhibitors
Daidzein & Myricetin [32] a-amylase inhibitors
Catechin derivatives [32] a-amylase inhibitors
Berberine from Tinospora cordifolia [32, 44] Disaccharidases inhibitors
Catharanthine, Vindoline, Vindolinine, Arecoline [45] Hypoglycemic activity
B-carbolines (Norharmane, pinoline) [44] The stimulator of insulin secretion
Triterpenoids isolated from bitter melon [46] Anti-hyperglycemic
Hispidin, Hispolon isolated from the ethanol extract of Aldose reductase inhibitors
Phellinus merrillii [32]

Phenolic acids in coffee beans (caffeic acid, chlorogenic Aldose reductase inhibitors
acid, gallic acid, and caffeoylquinic acid, and p-coumaric

acids) [47]

Paulownia coreana seeds [48] Aldose reductase inhibitors

antidiabetic activity [34-36]. The antidiabetic properties of functional foods and
nutraceuticals are summarized in Table 3.1.

Cardiovascular Diseases

Cardiovascular disease (CVD) has multifactorial pathogenesis and various risk
factors. For example, diet has a remarkable role in the development and progres-
sion of CVDs [49]. The active components of nutraceuticals and functional foods
can decrease the risk of CVDs through different mechanisms. Cholesterol-lowering
substances like Soy proteins, Flavonoid (in dark chocolate), Lycopene (in tomato),
and Monacolin K (in red yeast rice) can reduce plasma LDL cholesterol level [50].
The phytosterols of functional foods also have cholesterol-lowering effects through
inhibition of intestinal cholesterol absorption and increasing the expression of LDL
receptors on liver cells, resulting in increased hepatic absorption of plasma LDL
[51]. Epidemiological and clinical evidence suggest that the consumption of nuts,
seeds, seafoods, coffee, tea, vegetables, and fruits can reduce the complications of
CVDs through different mechanisms inducing antioxidant pathways, modulating
endothelial cells’ function, preventing platelet aggregation, and decreasing plasma
triglycerides and lowering systemic blood pressure [52].
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Cancer

Dietary patterns play an essential role in fighting against cancer development. Studies
suggest that nutraceuticals and functional foods have preventive or even therapeutic
effects on development of various cancers [53, 54]. The consumption of some dietary
products or bioactive substances may reduce the risk of many cancers. For example,
vegetables, fruits, and soy reduce the risk of breast cancer (BC) through different
mechanisms such as cellular apoptosis and reducing angiogenesis, metastasis, and the
proliferation of tumor cells [55, 56]. Many studies have reported the anti-cancer role
of soy in BC patients [57]. Soy contains a considerable amount of isoflavones, and its
consumption has been linked with better survival in BC patients [58]. Furthermore,
a meta-analysis study reported that the consumption of soy after BC diagnosis was
associated with reduced mortality and improved survival in BC, particularly ER/PR
positive, postmenopausal, and ER-negative patients [59]. Epidemiological studies
have reported factors such as ethnic diversity, reproductive status, the amount of
consumed soy, length of exposure, and the expression status of receptors on tumor
cells can influence the impact of soy on BC progression and prognosis, explaining the
heterogeneity of results in these studies [57, 60]. Many spice-derived nutraceuticals
like curcumin, bergapten, canthaxanthin, Allyl isothiocyanate, and capsaicin have
proapoptotic and anti-proliferative effects against cancer cells [61]. For example,
many studies have reported the anticancer properties of curcumin in prostate, breast,
lung, and digestive system cancers [62]. Curcumin, a polyphenol present in turmeric,
has promoted its anti-inflammatory effects in BC by downregulating NF-kB-induced
genes [63]. Anti-apoptotic proteins such as Bcl-2 and survivin have also been shown
to be inhibited by curcumin in human multiple myeloma cells [64]. Curcumin also
reduced NF-kB expression in human lung cancer cell lines by inhibiting the activity
of JAK2 and subsequently suppressing the JAK2/STAT3 signaling pathway [65].
Epigenetic manipulation is a new therapeutic approach towards treatment of cancer
[66]. A growing body of evidence suggests that bioactive dietary components can
induce epigenetic modifications and restore average epigenetic marks in cancer cells.
Therefore, they can be beneficial in the prevention and treatment of cancer [67,
68]. In this regard, it has been reported that curcumin can restore the expression of
glutathione S-transferase pi 1 by reversing the hypermethylation of its promoter in
MCEF-7 BC cell line [69]. Curcumin also reduced the expression of DNMT 1 in acute
myeloid leukemia (AML) cell lines, which promoted the reactivation of the p15 tumor
suppressor gene and induced apoptosis in tumor cells [70]. Furthermore, Genistein (a
soy-derived isoflavone) and Epigallocatechin gallate (EGCG, an ingredient of green
tea) inhibited histone deacetylases and DNA methyltransferases. They restored the
expression of some tumor-suppressor genes in human cervical cancer cells [71, 72].
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Chrononutrition

In simple terms, chorononutrion is the study of how nutrition relates to the internal
clock or the circadian rhythm which in turn controls the physiological, emotional and
supra-tentorial functions in human body. Circadian system controls several physi-
ological and behavioral psychology such as feeding behavior and metabolism of
energy. Scientific studies have demonstrated that the circadian clock system essen-
tially includes several clock genes. Several genes monitor the biological clock as
markers of the peripheral clock, such as CLOCK (positive regulators), BMALI,
CRY1, CRY2, PER1, PER2, and PER3 (negative regulators) [73]. In Non—Hodgkin’s
Lymphoma (NHL) for the effect of the circadian system on immunological cancers,
a study focused on CRY2, a core circadian gene in NHL. CRY2 analysis of a single
nucleotide polymorphisms (SNP) that three SNP areas were distinctly correlated
with increased risk for development of NHL [73]. The different components of
metabolic syndrome (MetS) are correlated with several SNP areas, and some of these
SNPs have been used to change the reaction of an individual to lifestyle treatment
methods. Therefore, genetic variants may also influence the degree to which a person
reacts to diet and/or exercise changes. The second expression of the microarray was
demonstrated by silencing the gene in vitro and explaining the effect on downstream
genes that play roles in immune and hematological systems that can induce disease
processes [74]. The expression level of nine circadian clock genes of cancer and
healthy tissues was assessed in Head and Neck Squamous Cell Carcinoma (HNSCC)
to investigate the relationship between CLOCK genes variations and HNSCC [75].
The findings demonstrated a substantial reduction in the expression levels of the
genes of CRY1-2, PER1-3, CKle, and BMALI in cancer cells. Each gene’s down-
regulated expression has been associated with various tumor functions. Such findings
suggest a role in HNSCC etiology for the circadian clock genes [76]. The expression
of the nine circadian genes in hepatocellular carcinoma has demonstrated a decrease
in expression levels of PER1, PER2, PER3 and CRY?2 [77]. Reduced expression is
caused by methylation of promoters or by any other factors excluding mutations [73].
The daily pattern of eating controlled by circadian clocks, including food intake and
metabolism, plays a key role in people’s health. Circadian clocks play an impor-
tant role in driving the rhythmic expression of multiple circadian transcriptomes
in eukaryotes with differentiated tissue and organisms to regulate physiological,
behavioral and biochemical functions. A core set of clock genes generate a circa-
dian expression of genes in interaction with feedback loops that regulate rhythmic
transcriptions. In mammals, the mechanism of the circadian clock consists of two
key transcription factors of CLOCK and BMALI, forming a heterodimer which in
turn activates the expression of transcriptional repressors, Cryptochromes (Cry1 and
Cry2) and Periods (Perl and Per2). Evidence indicates that function of CLOCK:
BMAL1 advances beyond transcriptional activation. For example, while the histone
acetyltransferase activity of CLOCK has been reported, modifications of CLOCK
target gene chromatin have been described at the genome-wide level [78—82]. The
important thing is that drosophila clock can generate ectopic circadian clocks. This
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indicates that CLOCK can help the establishment of a circadian program similar
to developmental programs regulated by Pax6 [83]. It is well known that midnight
snacks can cause obesity. This is due to chromatin remodeling by the glucocorticoid
receptors and nucleosome remodeling promoting at target lineage-specific genes
[84, 85]. Furthermore, it is well established that eating only one meal a day may
causes obesity. This dietary pattern also changes the liver clock. The rhythmicity of
hepatic lipid metabolism of sporadic meals can induce variations from the norm in
the hepatic circadian clock thereby increasing the blood cholesterol levels [86]. The
principal cause of hypercholesterolemia in this case is high rate of shifting circadian
rhythm of CYP7A1 gene expression in bile acid synthesis. Therefore, coordinated
metabolism of cholesterol did not take place causing a reduced level of fecal bile
acids. Additionally, the progressive rhythmicity of the clock quality DBP within the
hepatic cells can be considered as another key factor for development of hypercholes-
terolemia. These results demonstrate that well-organized eating habits can normalize
the hepatic clock gene and the rhythm of CYP7A1, and consequently, normalization
of blood cholesterol levels. Moreover, Apolipoprotein A-I (Apo Al), the principal
protein component of high-density lipoprotein (HDL), is also controlled by the D
site binding protein (DBP) also. This indicates that irregular eating patterns may
decrease HDL levels. In other words, regular eating patterns will lead to a decreased
level of “bad” cholesterol and increased level of “good” cholesterol [87]. Everyday
meals provide distinctive stimuli for timing events that occur regularly. For example,
Glucose is the most important source for adjustment of circadian rhythms timing.
Glucose also adjusts the rhythm of cultured cells directly. According to recent reports,
carbohydrates and proteins are strong timing adjustment factors for the hepatic clock
rhythmicity. In a study on rats it is demonstrated that the hepatic and suprachiasmatic
nuclei (SCN) clock rhythmicity are adjusted after glucose and amino acid administra-
tion [88]. Some vitamins and salts also adjust the clocks [87]. Resveratrol supplement,
as a non-nutrient source, also impacts the clocks [89]. The chrononutrition principals
also relates to improving mood disorders and largely deals with meals and the sero-
tonin levels. The serotonergic system is one of the neurotransmitter pathways associ-
ated with mood disorders. It may involve depression, anxiety, obsessive—compulsive
and bipolar disorders among other psycholo-pathological behaviors [90]. Studies on
non-alcoholic beverages have reported beneficial effects on anxiety and depression
in stressful populations at a moderate overnight intake [91, 92]. Finally, the future
of chrononrrition is in line with the future of nutrition in terms of therapeutic tools
for indigenous pathologies in our societies. These indigenous pathologies include
metabolic syndrome, obesity and neurological disorders in which diet management
and design are related to the circadian patterns of consuming certain health-promoting
nutrients.
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Signals and Sensors in Health and Disease

Traditionally, nutrition science have prioritized what humans eat and the term “you
are what you eat” has been used to explain the relationship between health and diets
with low nutritional value.

The Mediterranean, Western and plant-based diets, are the main patterns of diets
around the world. These diets are unique in terms of the composition of foods and
nutrients. In fact, Western diets consist of large amounts of processed foods full
of sugars, refined fats, animal proteins, and salts. However, the Mediterranean diet
consists of vegetables, fruits, legumes, nuts and olive oil, fish and dairy products,
which are consumed in moderation. Animal products such as poultry, meat and
seafoods are not used in plant-based diets [93]. These diets primarily include foods
rich in fiber and plant proteins as well as healthy fats. The cell’s ability to detect
and respond to fuel substrates like glucose is called nutrient sensing [94]. There is
a need for an alternating functional pathway and accessory molecules for every fuel
substrate consumed. A cell produces only molecules it needs at that given time to
save resources. The type of enzymes needed to express the genome for utilization
is determined by the level and type of fuel in the cell. Cell surface receptors can be
activated when specific essential molecules bind to the cell nucleus in a cascading
interactions. In this way, the cell can become aware of the nutrients available and
produce only unique molecules for that type of nutrients. Transcription factors are one
of the leading agents through which nutrients affect gene expression. Nutrients and
their metabolites are bound together. For example, essential fatty acids, sometimes
called, “vitamin F”, are a group of fatty acids that are necessary for the health of
human and other animals. This is because humans and most animals cannot produce
essential fatty acids from other foods [95-97]. The term essential fatty acid refers
only to the fatty acids needed for the body’s biological processes. This term does not
include fats that are used only as fuel in the human body. Today, omega-3 fatty acids
and omega-6 fatty acids are the only two known essential fatty acids in the human
body [2].

Signaling of Fatty Acids

Long-chain fatty acids can be detected by G-protein coupled receptors family, a well-
characterized stimulant of GPR40 and GPR120. Free Fatty Acid (FA) stimulation
of GPR40 increases the release of insulin at the plasma membrane of pancreatic
beta cells [98]. Additionally, GPR120 promotes insulinotropic activity indirectly
through GLP1 production. GLP1 is a component of the gastrointestinal hormones
group called incretins. It protects the pancreatic beta cells from degeneration, stim-
ulate their regeneration and increase insulin secretion of the beta cells. The above
example indicates that increasing a specific nutrient (FA) predicts the response to
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a probable increase in other nutrients (glucose). This is because food consump-
tion rarely provides only one type of nutrient. Moreover, GPR120 activation at white
adipocytes’ plasma membrane causes signal-transduction cascades that stimulate the
activation of PI3K/AKT and consequently, the cell-autonomous induction of glucose
uptake [98]. Genetic mutations impair the function of GPR120 in obese individuals
while ablation of GPR40 induced abnormalities in glucose homeostasis in mice [98].
It reflects the crucial role of this signal transduction pathway in the systemic control
of nutrient homeostasis [98]. These findings have driven the interests of scientists in
providing GPR120 agonists thereby preventing obesity [98]. FAT/CD36 receptor, in
addition to GPR120, has been involved in biding and uptake of intestinal luminal FAs
directly [99]. It is noticed that CD36, GPR120, and GPR40 have fatty acid-sensing
properties in oral epithelial cells which are involved in gustatory perception [98].

Cholesterol-Signaling

Cholesterol is essential for all human and animal life. The primary regulation mech-
anism of cholesterol is performed by sterol regulatory element-binding proteins
(SREBPs). SREBP cleavage-activating protein (SCAP) interacts with cholesterol
directly which is dispersed over five transmembrane sterol sensing domains (SSD)
[98]. SCAP is SREBP membrane-bound that transactivates the genes essential for
the synthesis of cholesterol [100]. Binding of high levels of cholesterol to SCAP
causes deformation and thereby affinity for the insulin induced gene (INSIG) protein
increases the anchor of SCAP and SREBP in ER membranes [98, 101]. On the
contrary, SCAP/SREBP tandem separates from INSIG and is transported to the
Golgi apparatus [98]. SCAP are not attached to cholesterol when levels of cholesterol
are low. This step is crucial because the problematic presence of SCAP/SREBP in
Golgi leads to SREBP N-terminal cytoplasm cleavage and release by resident Golgi
enzymes [102, 103]. Cytoplasmic cleavage of SREBP fragment is transported to the
nucleus allowing its translocation into nucleus genes involving lipid anabolism. Next,
the repletion of cholesterol levels starts the negative feedback via SCAP interaction
and inhibition of further SREBP cleavage [104]. Hyperlipidemia and metabolic disor-
ders such as type 2 diabetes and atherosclerosis (AS) are closely related. SREBPs are
the main transcription factors in vivo studies regulating cholesterol, triglyceride (TG)
and fatty acids (FAs) biosynthesis. As a result SREBP inhibition can be a promising
treatment method for metabolic disorders. Another mechanism is a complex 37-
step process that begins with HMG-COA reductase. Research evidence confirms an
additional sterol-sensing event in the ER which consists of HMG-CoA Reductase
enzyme. The rate-limiting step in the De Novo cholesterol is catalyzed by HMG-CoA
reductase and it is considered to be a transcriptional target of SREBP in response to
low levels of cholesterol. The C- terminal domain of HMG-CoA reductase is inserted
into the cytoplasm. On the other hand, several domains of transmembrane including
domain of sterol-sensing comparable with that of SCAP, are inserted into the ER
membrane [105]. High levels of the intermediate lipid species in the synthesis of
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cholesterol like lanosterol start the interaction between HMG-CoA reductase and
INSIG, constitutively limited to an ubiquitination complex made by VCP, GP78
and UBC7. HMG-CoA reductase ubiquitin-mediated degradation improves by this
interaction [106]. The early and rate limiting step in the synthesis of cholesterol is
catalyzed by HMG-CoA reductase. However, HMG-CoA reductase levels are regu-
lated by a slow, transcriptional mechanism which seizes to function after cholesterol
levels are recovered. Therefore, HMG-CoA reductase interaction with Insigne which
causes proteasome turnover, presents a more rapid regulatory loop. This aims at
pausing the cholesterol synthesis while presence of precursor molecules guarantee.
the likelihood of increased cholesterol synthesis [98].

Sensors of Adipokines

Adipokines or adipocytokines are a group of cytokines produced and secreted by
adipose tissues. Upstream fat sensors, adipokines and secretion of hormones by
adipocytes produce systemic effects including appetite regulation, energy expendi-
ture and other processes which help homeostasis of nutrients. These levels do not
necessarily indicate the levels of circulating lipids. However, organismal lipid storage
reports and some adipokines like LEPTIN can be considered as lipid storage abun-
dance. Interestingly, the nature of the sensor relating to high levels of stored lipids
with LEPTIN development remains unknown, even regulatory elements in the PTIN
gene promoter region to be known [107]. In both the central nervous system and
peripheral tissues, the LEPTIN receptor is expressed. The amount of food consumed
and the metabolism of the organism are coordinated with its activation. LEPTIN
activity stimulates the action of neuropeptides and neurotransmitters in hypothalamic
neurons that suppress appetite (anorexigenic) [108]. LEPTIN function alienates the
influence of appetite-stimulating neuropeptides and neurotransmitters. Decreased
LEPTIN production is the result of lipid mobilization by adipocytes just like in
fasting conditions. This also leads to appetite stimulation and improved behavior of
nutrient acquisition. Leptin receptor gene mutations are observed in obese patients
[109]. Furthermore, in mice studies with inactivating mutations in the Leptin or its
receptor genes causes hyper-fagic state to double the average mice’s body mass.
Adipocytes (also called ADIPOQ) also synthesize the hormone adiponectin (also
called ADIPOQ) in addition to LEPTIN but its production regulation is even less
known [98]. Circulating ADIPOQ levels, unlike LEPTIN, are inversely related to
lipid storage. This adipokine has many systemic effects including insulin sensitivity,
increased energy expenditure and appetite loss [110-112]. There is a significant vital
relationship between mutations and polymorphisms in the ADIPOQ gene in humans
and obesity and type 2 diabetes [98].
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Nuclear Receptors

Nuclear receptors are a group of ligand-dependent nuclear receptors with various
biological and physiological effects, such as glucose and lipid homeostasis, inflam-
mation, and wound healing. For instance, in a large number of promoter gene
regions, there is a binding between peroxisome proliferator activator receptors-
(PPAR) (fatty acids binding) or receptor of liver X (cholesterol metabolites binding),
or heterodimers and retinoid X receptor with specific sequences of nucleotide
(response elements) [113]. In the process of ligand binding, nuclear receptors expe-
rience a conformational change [113]. This conformational change results in the
separation of the compressor nuclei and employs coactivator proteins to activate tran-
scription. In the gastric tract, liver and adipose tissue, which are metabolically active
organs, factors of transcription act as nutrient sensors. They function by altering the
level of DNA transcription from specific genes in nutrient changes responses. A key
role of nuclear receptors is to regulate processes such as embryonic growth, nutrient
metabolism, cell differentiation and cell proliferation. It would not be surprising if
nutrients can be useful to a number of cellular functions by activating receptors. For
example, the PPAR nuclear receptor group is a nutrient sensor for fatty acids which
affect the expression of specific genes. In fasting, hepatic PPAR, one of the three
isoforms PPAR (PPARa, PPARR/S, and PPARY) in the liver, is important during
the release of free fatty acids from adipose tissue which are eventually transported
to the liver [114]. In the liver, partial or complete oxidation occurs and these fatty
acids bind PPAR. As a result, in the increase of the expression in a set of genes.
This increase occurs due to the binding of specific sequences in their regions of the
promoters. Recently, direct regulation of gene expression involved in hepatic gluco-
neogenesis and glycerol metabolism via PPAR has been shown [113]. The second
mechanism may explain the stimulatory effect of high plasma-free fatty acids on
glucose output and hepatic gluconeogenesis. As a result, fatty acids are considered
as ligands of PPAR. The role of PPAR and its influence on obesity as well as our phys-
iological responses to food deprivation is not well understood [115, 116]. Elevated
levels of free fatty acids are closely related to visceral obesity. In hepatic pathways
these molecules may be regarded as signals of “hunger” or “need for glucose” [117].
Increased gluconeogenesis, in PPAR-dependent approach, is due to hepatic insulin
resistance states. The importance of nucleus and transmutation proteins, in addition to
a group of sensing transcription factors that are directly related to binding of specific
response elements to DNA, are essential components of gene control for coactivators’
expression. Co-activators are present in the form of multiprotein complexes. They
bind to transcription factors and provide conditions for transcription by modifying
chromatin configuration. Recent studies on two coactivators of PPARY also known as
peroxisome proliferator-activated receptor-gamma coactivator-1 (PGC-1a and PGC-
ly) is remarkable. There is a direct relationship between PGC-1 and homeostasis of
energy, diabetes and regulation of lifespan [113] signifying an association between
polymorphisms in the genes encoding PGC-1a, PGC-1vy and type 2 diabetes [113].
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Glucose Sensing

One of the most crucial cellular mechanisms is glucose sensing. Deregulation of
mechanisms of glucose metabolism including glucose sensing, import, storage and
mobilization of glucose leads to the pathogenesis of type 2 diabetes and other
diseases in humans [98]. Metabolic nutrient sensors like AMP-activated protein
kinase (AMPK) are one of the most critical ways for glucose sensing [118]. When
the intracellular level of ATP decreases, AMPK is activated, resulting in the break-
down of glucose and inhibition of carbohydrate and fat anabolism [119]. The central
organ for glucose sensing in mammals is the pancreas which regulates blood glucose
levels. Glucose reaches beta cells of the pancreas through the transporter GLUT2
[120]. Nutrient sensing is strongly influenced by a series of biochemical processes
which involve the production of glucose- 6 phosphate and ATP and eventually results
in increased intracellular Ca®* [121]. Ca2-based exocytosis of insulin-loaded vesi-
cles is the final result of this cascade [122]. As a result, there is a linear relation-
ship between insulin release from these cells and intracellular glucose levels [123].
Systemically, the secreted insulin acts on multiple target tissues, most notably the
liver, adipose, and muscle tissues, contributing to increased glucose absorption by a
second glucose transporter, GLUT4, and ultimately to lower blood glucose levels.
Insulin release ensures blood glucose levels remain within normal range [124].
Glucagon hormone is released from alpha-cells of pancreas, the second type of cell
in the pancreas, in response to hypoglycemic states. Under the influence of glucagon
action the liver breaks down the stored glycogen and releases glucose into the blood-
stream. This hormonal pathway of counter-regulating glucose levels in alpha and
beta-cells is not well studied. The central nervous system neuronal pathways are
located predominantly in the hypothalamus and brainstem which respond to blood
glucose levels, presumably control the actions of appetite and eating habits [125].
For instance, type 2 diabetes due to genetic dysfunction of the pro-opiomelanocortin
(POMC) neurons are activated by glucose levels [126, 127]. In these cells, glucose
sensing is likely to involve intracellular metabolic sensors that also act on pancre-
atic beta-cells. Primarily, GLUT2 mediated glucose transport increases intracellular
ATP which leads to neural signaling through K+ channels dependent on ATP [128].
Utilizing intracellular metabolic nutrient sensors in hypothalamic neurons, much
like melanin-concentrating hormone (MCH) response to glucose levels. Additionally,
many hypothalamic neuron activity is suppressed with glucose levels while the mech-
anism and their significance is not well understood. These neurons express orexin and
might depend on eternal sensing mechanisms like sodium-glucose co-transporters
or TRP pathways in addition to intracellular metabolic processes [124].
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Amino Acids Sensing

Other essential sensors include amino acid sensing. Amino acids are also precursors
to many essential neurotransmitters such as serotonin, dopamine, etc. Excess amino
acids are frequently stored or transformed to energy proteins (like hexamerins in
insects). Mice seem to sense dietary amino acids inside the brain. Mice fed with
amino acid—deficient diets reduced amino acid levels within 20 minutes. Scientists
considered that such a quick response prevented the degradation of proteins. It is
a regulated process that produces missing amino acids from stored proteins. Inter-
estingly, animals with a diet deficient in a certain essential amino acid show more
taste for this specific amino acid. Researchers have proposed that there must be at
least one amino acid sensing in the anterior piriform cortex [129]. It involves transla-
tional control mediated by the translation initiation factor eukaryotic initiation factor
2 (elF2) alpha in a way that one uncharged tRNA (one consequence in animal’s
amino acid deficiency) results in phosphorylation of this protein and a reduction
of global translation [130, 131]. The regulation of blood amino acid levels occurs
through neuronal activity in the hypothalamus in response to the flux of amino acids
through metabolic intracellular nutrient sensors like mTOR. Essential amino acids
such as Lucien activate mTOR, but its activation is also dependent on the levels
of ATP inside the cell. Thus, mTOR is a sensor for both carbohydrates and amino
acids. It is assumed that the lateral hypothalamus is a subset of neurons projecting
most mammalian brains by orexin/hypocretin peptides signaling. In addition to being
involved in sensing glucose, these cells also respond to dietary amino acids [132].
These neurons, in contrast to mTOR-mediated amino acid sensing, are activated
selectively through non-essential amino acids. They use a mechanism involving the
simultaneous stimulation of transporters of amino acid and ATP-sensitive potas-
sium channel (KATP) channels inhibition [124]. Diets such as the Mediterranean
diet, which are high in unsaturated fats, provide more natural ligands than the typical
Western diet, which is high in saturated fats. Therefore, advising a person who favors
increasing the number of natural ligands in their diet can result in prolonged and more
sustained PPARY activation. This in turn counteracts the influence of genetic variants,
SNPs, that lower its DNA binding affinity [4]. A valuable candidate gene for insulin
resistance is PPAR-y which controls the weight of the body, adipocyte differentiation
and glucose homeostasis [133]. Results showed approximately a 25% decrease in
PPAR-y mRNA expression following a 10% decrease in body weight [134]. These
findings suggest necessary to maintenance of normal insulin sensitivity in mice and
puts forth the intriguing idea that it may be required for the adverse effects of a
high-fat diet on the metabolism of carbohydrates [133].
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Gene-Disease Associations

Genetic performance has progressed rapidly in the quest for a better quality of life
and disease prevention. This is not only due to the development of diagnostic tools
that stimulate genomic personalization, but also because of the possibility of under-
standing each person as a unique being. To obtain a personalized diet, it is necessary
to understand the genetic factors which regulate the different metabolic pathways
through different nutritional elements. A personalized diet can be prepared by iden-
tifying these needs, enabling the supply of required nutrients, thereby supporting the
outcome of an optimal condition in conjunction with their genetics. Risk factors are
most often reported throughout childhood for several of the main chronic illnesses,
including cardiovascular disease, hypertension, diabetes, obesity and cancer [135].
Preventive measures are enacted early in life which can help in lowering the inci-
dence of these diseases during adulthood. Therefore, the type of diet is crucial in
response to nutrient-gene interactions. For example, one of the most common Non-
communicable diseases (NCDs) of metabolic syndrome includes obesity, increased
blood triglycerides, glucose intolerance, hypertension and insulin resistance. Conse-
quently, the diagnosis of metabolic syndrome in an individual can be a sign of the
accumulation of risk factors for cardiovascular disease and diabetes, resulting in an
increased mortality in human societies [136]. Obesity is a multifactorial medical
condition stemming from an energy intake (EI) and total energy expenditure (TEE)
imbalance accompanied by changes in various metabolic pathways [137]. This imbal-
ance becomes evident through accumulation of excess body fat and appears as a
weight control system dysfunction. It is considered the principal risk factor for type-
2 diabetes development because 61% of people with obesity are estimated to develop
type 2 diabetes in their lifetime [138]. Obesity also represents the world’s main risk
factor attributed to cardiovascular mortality [138]. Although obesity is associated
with an energy imbalance, multiple metabolic and endocrine disorders can also be
attributed to obesity. After all, although genetic factors may predispose a person
for obesity, diet, exercise and lifestyle increase the probability of risk factors for
diabetes [139, 140]. Nutrition Science has thus developed the concept of ’gene-
nutrient interaction,’” in which the gene expression is a key factor in influencing the
risk and development of obesity [140]. Many other genes and SNPs have been closely
linked to animal and human studies with obesity phenotypes, in which some have
been discovered using GWAS technology [140]. Genes have an extensive role to
play, and, apart from their influence on preferences in eating, their mutations may be
among the factors causing the following diseases: Obesity (FABP2, ADRB2, PPARG,
LEPR, ADRB3, MC4R and FTO); Type 2 diabetes (TCF7L2,ADRB2, FABP2,
CETP, PPARG, GLUT2 and CD36); Cardiovascular diseases (ApoAS, ApoE, CETP,
ADDI1,CYP11B2 and MnSOD); Cancer (GSTP1, MnSOD, CYP1A2, CHRNA3 and
CHRNAS); Metabolic syndrome (ADRB2, CD36 and TAS2R38) [141].

GWAS’s have become state-of-the-art since 2007 to encourage people to under-
stand more about complex disease genetics. GWAS explores the relation between
millions of SNPs and disease by the comparison of subjects with and without the
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disease. In GWAS, common allele variants of PNS occurring in at least 1-5% of
the population are studied to identify their contribution to the disease. As of today,
in incredibly more significant populations, multiple GWAS’s have been conducted
on CAD. Several SNPs have been recognized for being closely linked to CAD by
both candidate gene and GWAS methods Including APOB, PCSK9 and LPA. This
then led to the emergence of drugs designed for these genes including PCSK9,
APOB and LPA [142]. MetS heritability has been reported to range from 20 to 60%,
implying that genetics is an important part of the pathogenesis of this condition [4].
In family studies, twin studies, candidate gene association studies, and genome wide
association studies (GWAS), the genetic basis of MetS has been explored [4]. To
this date, around 60 genetic variants related to obesity, 90 related to hypertension,
160 related to dyslipidemia, 90 related to glucose homeostasis and 30 related to
MetS have been identified by GWAS. These genetic investigations have established
a catalog of candidate genes to be considered in MetS-related gene-lifestyle studies,
and their impact on the response of a person to diet and/or exercise interventions [4].
For example, biological research is based on access to molecular and demographic
information. Hence, the study of polymorphisms in the genome can be considered as
an appropriate starting point for research at the molecular level based on the structure
of complex biological systems. The study of their relationship with each other can
then be used to estimate the level of community health. Researchers have proposed
that nucleotide polymorphisms (SNPs, defined by unique rs numbers) impact lifestyle
response interventions targeting various elements of Metabolic Syndrome. However,
most gene-diet interaction studies in humans have been conducted using lipid and
lipoprotein phenotypes. The end product of these experiments include the family
nature of Metabolic Syndrome (MetS), the apparent discrepancy in the incidence
of MetS in different racial groups 3 and the different prevalence rates of MetS in
monozygotic twins [ 143]. Genetic variation throughout many genes of apolipoprotein
(APO A-I, APO A-1V, APO B, APO C-III, and APO E), genes of LDL receptor, and
LDL subclass phenotypes (pattern A versus pattern B) are engaged in the modulation
of dietary response [135].

APOAI/APOE3

In a case—control nested study the interaction between food group intakes and
APOA1/APOC3 genetic variants (rs670, rs5069, rs5128) in relation to the MetS
risk was investigated [143]. Sugar intake was correlated with lower MetS risk
among A allele carrier of rs670, T allele carriers of rs5069, the APOA1 coupled
GA+AA/CT+TT/CC genotypes. SSB and fish groups’ intakes were correlated with
higher MetS risk among persons with combined genotypes of GA+AA/CT+TT/CC.
The results demonstrate the relationship of dietary food groups (fish, sugar and sweet
drinks) in reducing APOA1/APOC3 SNPs related to MetS [143].
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High-Density Lipoprotein Cholesterol (HDL-C)

Two major risk factors for MetS are elevated triglyceride and reduced high-density
lipoprotein cholesterol (HDL-C) levels. According to twin studies, triglyceride and
HDL-C heritability range from 60 to 80% [4]. In extensive genomic screening of more
than 100,000 people of European descent, 95 genetic loci were identified to account
for 25 to 30% of the change in blood lipids [4]. Nevertheless, some of these SNPs were
examined for lifestyle interventions. Identifying the impact of SNPs on the variable
lipid response levels found between individuals during lifestyle interventions can
help develop more effective measures for improving lipid profiles. Some SNPs also
have been discovered to influence the response of interventions of diet modifications
[144].

Fat Mass and Obesity-Associated Gene (FTO)

FTO Gene encodes a DNA/RNA methylase dependent on FE (II) and 2-Oxoglutarate.
Further elaboration is needed for the exact molecular connection between FTO
methylase activity and body weight [4]. At 1$9939609 (T/A) SNP, individuals
homozygous for the A risk allele weigh 3 kg more and had a 1.7-times higher obesity
risk than those with the AT or TT genotypes [145]. Most human genetic studies in
this area indicate an association between this gene and the incidence of diseases such
as type 2 diabetes mellitus and obesity.

The Cholesterol Ester Transfers Protein (CETP)

This gene of cholesterol ester transfer protein is located on chromosome 16, which is
widely expressed in peripheral tissues and the liver [146]. One of the most important
functions of this gene is the transfer of cholesterol esters, which reduces the amount
of HDL-C cholesterol in the blood plasma, showing the relationship of this gene
with metabolic syndrome. On the other hand, the results of various research have
indicated the wide correlation of the genome on the importance of this gene in
regards to metabolic processes, in which genetic changes in CETP have shown direct
effects on the development of metabolic syndrome. Among the many studies on
gene changes, the most common are polymorphisms called rs708272, commonly
referred to as (TaqIB G/A) [147, 148]. Other well-known polymorphisms have been
introduced for this gene including rs173539, rs3764261 and rs9939224 associated
with components of the metabolic syndrome [149]. This increases HDL-C levels
and decreases triglycerides. Also, 1s247617 polymorphism is strongly associated
with HDL as one of the most potent metabolic syndrome [150].
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Melanocortin-4 Receptor

In the hypothalamus, the gene Melanocortin-4 receptor (MC4R) is involved in
appetite and satiety regulation. Compared to TT homozygotes, the rs17782313 (T/C)
SNP area, C-allele had higher BMI, body weight, total fats and non-visceral fat mass.
Conversely, during the intervention, there was no effect on alterations in weight loss
or fat deposition. The rs1943218 (T/C) SNP area has been shown to consistently influ-
ence the changes in weight. In particular, TT homozygotes for rs1943218 displayed
a higher level of short- and long-term weight loss relative to people with CC and CT
genotypes. Nonetheless, such correlations were statistically insignificant. In another
lifestyle intervention study, SNP areas for MC4R were also found to be associated
with weight loss maintenance [4].

Peroxisome Proliferator-Activated Receptor Gamma 2

The PPARY?2 gene is an important receptor of nuclear hormones expressed primarily
in adipose tissue and play a major role in adipogenesis and fat metabolism regulation
[151]. There is substantial evidence to suggest that essential polyunsaturated fatty
acids as well as their derivatives are natural PPARy?2 ligands and a possible link
between the quality of dietary fat and transcriptional activity. The rs1801282 (C/G)
SNP area in PPARYy2-also called Pro12Ala- was correlated to differences in weight
loss in response to lifestyle interventions [152]. Notably, the PPARY2 Ala allele was
related to a general decrease in PPARY transcriptional activity due to a lower DNA
binding affinity than the Pro allele [153].

Adrenoceptor Beta 3 (ADRB3)

Adrenoceptor beta 3 (ADRB3) gene is a part of the family of adrenergic receptors
that play arole in regulating energy homeostasis and thermogenesis in adipose tissue
[154]. Multiple gene population analysis have introduced that carrying the C-allele
(i.e. CC 4 CT) isrelated to decreased weight loss following a life style intervention in
comparison with TT-genotype individuals [4]. Similarly, Sakane et al. reported a rela-
tionship between rs4994 and weight loss in Japanese diabetes prevention programs
in adults [155]. In particular, individuals undergoing the lifestyle intervention with
the CC or CT genotype lost less significant weight than those with TT-genotype.
Despite the demonstrated relationship between rs4994 and weight loss, the role of
this SNP area is still questionable [4].
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ABCAI Gene

Since low HDL-C plasma concentration is one of the most common blood lipid
disorders in the Iranian population, some studies have isolated the ABCA1 gene to
find genetic changes influencing this disease. The ABCA1 gene is considered as one
of the factors that reduces plasma HDL levels. In a study in Tehran, the relationship
between blood lipid levels and rs2230806 gene was investigated. The investigation
found that this polymorphism is associated with a nucleotide change at position 1051
on chromosome 9 [156]. Except for the concentration of APO Al, it did not show
any significant relationship with the blood lipids level. According to the researchers,
this polymorphism is considered as a suitable indicator for investigation of HDL-C
in Iranian society [156].

Glucokinase (Hexokinase 4) Regulator

These genes are primarily expressed in hepatocytes and pancreatic beta cells. Their
product of this gene is the glucokinase regulator, which is responsible for regulating
glycolysis [157]. Extensive investigations on this gene indicate its direct association
with metabolic syndrome and its risk factors such as insulin levels, fasting blood
sugar and insulin resistance. The association between one of the well-known poly-
morphisms of this rs780094 gene and metabolic syndrome with TG/HDL/WC and
TG was identified as a positive relationship even though this polymorphism is nega-
tively associated with blood sugar. The rs780093 polymorphism is also associated
with high blood pressure, triglycerides and waist circumference. GCKR is also asso-
ciated with serum triglycerides and 2-h post-prandial blood sugar levels (OGTT) as
well [157]. Numerous studies have identified an association between genetics and
predisposition to obesity and related co-morbidities.

The following Table describes the role of genes in energy balance (Table 3.2).

Identification of genes responsible for metabolic syndrome as a multi-gene disease
can help improve prevention and treatment of metabolic syndrome. In general, popu-
lation genetics requires collaboration in genetic studies among different populations
to investigate metabolic syndrome. Identification and prioritization of genetic studies
is a step forward in examining the various aspects of lifestyle genomics.

Table 3.2 The population genetics of genes responsible for carbohydrate and fat absorption

Gene Gene name Role of gene in energy balance

ADRB?2 B2-adrenergic receptor The role of the gene product in energy
balance involves pulmonary, cardiac,
vascular, endocrine, and central nervous
systems regulation [158]

(continued)
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Gene

Gene name

Role of gene in energy balance

ADRB3

Adrenoceptor beta 3

Regulation of Lipolysis and
Thermogenesis [159]

ApoAS

Apolipoprotein A5

It plays a vital role in regulating the level
of blood plasma triglycerides and HDL
[160]

ApoE

Apolipoprotein E

This gene is a protein involved in the
metabolism of fats. It is implicated in
Alzheimer’s and cardiovascular illness
[161]

ADIPOQ

Adipocyte-, Clqg-, and collagen
domain-containing

Adiponectin is produced by fat cells and
promotes energy consumption [162]

CETP

The carrier protein of cholesterol ester

This gene transforms HDL cholesterol
“good” into LDL “bad” (low
densitylipoprotein) [163, 164]

FTO

Fat mass- and obesity-associated gene

Improves food intake. The adiposity risk
alleles of this gene predispose diabetes
mellitus, hypertension and cardiovascular
events in populations at high risk. It has
been suggested that several SNPs in the
FTO gene associate with increased body
mass index (BMI), hip circumference, and
weight [140]

FABP2

Fatty acid-binding protein 2

Genetic polymorphisms at codon 54
recognized an alanine-encoding allele and
a threonine-encoding allele. Thr-54
protein is related to expanded fat
oxidation and insulin resistance [140, 165]

LIPC

Hepatic lipase

An important determinant of HDL plasma
concentration and distribution of subclass
LDLs. LIPC polymorphism in a
deleterious serum lipid profile and several
cardiovascular risk factors, including
obesity, type 2 diabetes mellitus,
atherosclerosis, and calcification of
coronary arteries [164]

LEP

Leptin

Generated by fat cells. Fat accumulates in
cells, more leptin is produced [166]

LEPR

Leptin receptor

Inhibits appetite when bound by leptin
[167]

INSIG2

Insulin-induced gene 2

Cholesterol regulation and the synthesis
of fatty acids [168]

(continued)
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Table 3.2 (continued)

Gene Gene name Role of gene in energy balance
MC4R Melanocortin 4 receptor Stimulates appetite when bound with
alpha-melanocyte stimulating hormone
[169]
PCSK1 Proprotein convertase subtilisin/kexin | Regulates biosynthesis of insulin [170]
type 1
PPARy Peroxisome proliferator-activated Stimulates the absorption of fatty tissue
receptor gamma and its development [171]
TCF7L2 | Transcription factor and participates in | Decreases blood sugar [172]
the formation of pancreatic p-cells
producing insulin

CREBRYF Gene Variants

CREBRF (CREB3 Regulatory Factor) had recently been identified as obesity gene
in a genome wide association study (GWAS) in Somoans, a Polynesian population
[173]. In another recent study, family investigation of nephropathy and diabetes
(FIND), the association of CREBREF variants with Obesity and diabetes were inves-
tigated by a genome wide association study (GWAS) in Pacific Island populations in
Micronesia and Marianas [174]. The FIND study demonstrated that the G allele at
rs12513649 in different Marianas and Micronesian populations was associated with
higher BMI as was the A allele at rs373863828. The global population frequency
was 0.004% in the Exome Aggregation Project: https://www.ncbi.nlm.nih.gov/snp/,
compared to 1.1% to 5.4% in Marianas and Micronesian populations. Furthermore,
the same alleles were associated with lower risk of diabetes. This study confirms
the association of CREBRF variants with higher body mass index (BMI) and lower
risk of diabetes which suggests that these variants are important determinants of
disease and contribute to the risk of obesity and diabetes in Marianas and Micronesian
populations [174].

Additionally, the A allele at rs373863828 was associated with taller individuals
suggesting that factors involved in bone formation, mineralization and remodeling
by osteoblastic activity may confer protection from developing metabolic syndrome
and diabetes. The above findings have achieved genome wide statistical significance
[174].

Understanding the mechanisms by which different genes or gene variants confer
risk for metabolic syndrome, obesity or diabetes may lead to new therapies for these
conditions.
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Exercise Genomics

Exercise has long proved to bring about many health benefits. One’s genes can
affect how he/she responds to exercise, weight loss chances, improvement of choles-
terol levels among other health benefits. Previous efforts to illustrate interactions
of gene and diet have for the most part centered on composition. Nonetheless food
structure impacts the speed at which dietary composition substrates and interme-
diates of metabolic pathways flow into circulation and affect metabolic pathway
regulating hormones and enzymes. For example, low- vs. a high- glycemic index
dietary challenge given after a period of exercise inflated the organic phenomenon
and supermolecule levels of the carboxylic acid transporter (FAT/CD36) of muscle
tissue. This partly explains how low- glycemic meals increase oxidation of fatty
acids. Carbohydrate structure changes the serum metabolic profile using an integrated
’omics approach, involving lysophosphatidylcholine species and mRNA expression
of genes related to stress reactions and adipose cell differentiation in adipose tissue
[175]. This illustrates that high-glycemic carbohydrates cause proinflammatory reac-
tions involving adverse alterations in insulin and glucose metabolisms. Producing
foods that may target related metabolic pathways needs a better understanding of the
interactions between composition and structure of foods and the dynamic complexity
of metabolic processes [175].

Lifestyle Interventions and the Gut Microbiome

Several factors, such as genetic, epigenetic, and environmental factors, such as
diet, can influence microbiota [176]. Diet has been proposed as one of the major
contributing factors in differences between the gut microbiota in different geograph-
ical areas of the world. Notably, long-term dietary habits, including specific nutrient
composition in addition to mealtimes and food behaviors, account for more profound
and chronic alterations in the gut microbiota compared to short dietary interventions
[93].

In this day and age, people are increasingly trying to personalize their lifestyle
choices to improve healthy eating habits so they can prevent chronic diseases such as
hypertension, diabetes and obesity. Feeding is also among the many factors that can
influence this process. Our choices of foods are reflected in our organism’s molecular
and physiological mechanisms. What is suitable for one’s diet may not be right for
another. People may benefit more or less from specific vitamins or minerals, such
as folic acid, iron and vitamin D, based on the genetic composition that is essential
elements of the metabolic pathways to physiological homeostasis.

The largest repository of human microbiota can be considered as intestinal micro-
biota. They consist of types of microorganisms coexisting with the host in the
gastrointestinal tract, approaching tens of 10'* [177]. They consist of at least 1,000
identified bacterial species involving more than 3 million genes (150 times more
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than genes in human) [177, 178]. While the human gut contains more than a thou-
sand different species of bacteria, only 150 to 170 of them are common in different
individuals [178].

The digestive system of humans contains a vast and varied population of microor-
ganisms that function with the host in a symbiotic way, contributing to metabolism,
immune response and intestinal architecture. Regardless, it has been shown that
disturbance of a healthy and diverse community called “dysbiosis” has a significant
influence on health and disease [179].

Glucose uptake and flow to the liver are regulated by intestinal microbes. As a
result, intestinal microbes play an important role in regulating insulin availability.
Intestinal dysbiosis is a common feature of type 2 diabetes and obesity. Sucrose is a
disaccharide consisting of fructose and glucose, or ordinary sugar. For the most part,
sugars are absorbed in the small intestine while some gut microbial species can also
metabolize the sugars. There is little evidence in human studies examining the effects
of sucrose or fructose, which are primarily the result of studies with Western diets
indicating that there is a relationship between lower bacteria diversity and refined-
sugar-enriched diets [93]. One of the main components of personal nutrition can be
considered the modulation of intestinal microbes. It has been shown that gut micro-
biota and its by-products change the genome, metabolome, proteome, transcriptome
and health status of the host. Individual gut microbiome leads to alteration in systemic
energy balance [180]. Urinary metabolites (metabolomics) are signatures of human
adiposity indicating the metabolism of the human intestine and the phenotype of
obesity [181].

The metabolism of intestinal microbiota indigestible carbohydrates can alter the
host’s energy extraction from the diet. Short-chain microflora-produced fatty acids
reflect 7% of the gluconeogenesis substrates and 5%-15% of the overall human
energy needs [182, 183].

Diet can change the host- microbial composition according to the number of
carbohydrates and fiber, the number of vegetables and fats consumed, or direct inoc-
ulation of fermented or processed foods [184]. It has been shown that prebiotics
alters the host microbiota. Infants excluding other bacteria and prebiotic Panose, a
new prebiotic candidate, reveal in vitro stimulation of growth of Bifidobacterium and
growth decline of Bacteroids and Clostridium. Prebiotic modulation of gut bacteria
has been indicated to reduce intestinal barrier dysfunction, endotoxemia and liver
inflammation caused by a high-fat diets and improvement of cholesterol homeostasis
[175].

In diabetic patients, obesity and insulin resistance increases risks of high blood
pressure (BP). Studies have shown the effects of Lactobacillus species on reduced
BP in patients with hypertension. According t published studies, high BP can
be controlled with probiotics by reducing inflammatory cytokines and intestinal
permeability through splanchnic vasodilation resulting in decreased BP [140].

In a study where probiotic soy milk fortified with Lactobacillus planetarium
A7 was used for patients with type 2 diabetes mellitus (T2DM) and Hypertension
both systolic and diastolic BPs were decreased significantly compared to the control
group [133]. Another study showed that 200 ml of soy milk containing Lactobacillus
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plantarum A7 has antioxidant properties and can reduce the risk of mismatch base
pair due to DNA damage in T2DM patients [185].

Diets can influence the viability and functionality of the microbiome [186]. In a
comparison of women on semi western diets with those rich in fish and vegetables,
the former reported a higher cervical intrauterine neoplasia (CIN). Additionally, the
sex-hormone-microbiome-immune system can impact the vulnerability of women
to HIV-1. Severe hormonal shifts can alter the proportion of anaerobic bacteria to
those affected by lactobacilli. Studies have demonstrated that when the estrogen
levels significantly decrease in menopausal women, lactobacilli will less likely be
the dominant vaginal microbiome [176].

According to Krautkramer et al., gut microbes and related metabolites impacts
the state of host chromatin which in turn results in elevated histone polystyrene and
the production of short-chain fatty acids (SCFAs) [187]. A “Western-type” diet that
is high in processed foods and high sugar beverages was reported to constrain the
production of microbial SCFAs; to prevent numerous microbiota-dependent incidents
and eventually to lead to changes in the expression of hepatic genes. Another example
of this case is related to the effects of ketogenic diets on Alzheimer’s disease (AD). It
has been observed that this diet rescues hippocampal memory deficiency in a model
of Kabuki syndrome of rats which is characterized by a loss of site-specific histone
methylation and chromatin release deficiency of accessible regions (opening). This
diet promotes the HDAC inhibitor, B-hydroxybutyrate formation. In mice models, this
diet causes changes in H3ac and H3K4me3 which cause changes in the hippocampal
neurogenesis and memory phenotypes rescue [188].

Neurological disorders, such as Parkinson’s disease (PD), Alzheimer’s disease
(AD), Migraine and Multiple Sclerosis (MS) are common and highly prevalent disor-
ders worldwide [189] which are significant causes of morbidity and mortality. Critical
elements of the pathophysiology of neurological disorders are enhanced inflamma-
tory markers and oxidative stress, dyslipidemia and impaired glucose metabolism.
Recent estimates suggest that in 2030, neurological disorders will contribute to 12%
of the percent of worldwide disability- adjusted life year [190].

Many preclinical and clinical studies have shown a strong impact of probiotic
supplementation on inflammatory biomarkers, oxidative stress, serum lipoproteins
and glycemic regulation in patients with certain neurological disorders. Lavasani
et al., demonstrated that probiotic administration had positive effects on animal
model of MS regulated by an interleukin-10 (IL-10)-dependent mechanism gener-
ating regulatory T cells [191]. Probiotic supplementation in a randomized clinical
trial (RCT) for 12 weeks in patients with PD decreased C-reactive proteins (CRP),
malondialdehyde (MDA), insulin levels and insulin resistance, while it increased
insulin and glutathione sensitivity (GSH).t However, it did not impact the total level
of antioxidant capacity (TAC), nitric oxide (NO) or fasting plasma glucose (FPG)
[192]. Martami et al. observed that the use of probiotic supplementation for ten weeks
in patients with chronic or episodic Migraines improved their headaches, but it did
not improve the inflammatory markers [193].

Many cancers in general and in particular risk of colon cancer development is asso-
ciated with environmental and epigenetic factors. Understanding the environmental
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factors that influence the risk of developing colon cancer and how they influence
the pathogenesis of this malignancy is of high importance.. Among the environ-
mental factors, microbiota has important role throgh structural elements, enzymes,
metabolites and oxygen-free radical production may facilitate the development of
this cancer.. Changes in gut microbiota in patients with colorectal cancer have been
reported in many studies. Recently, the abundance of Fusobacterium nucleotum in
human tumors has been proven by RNA-seq method. Fusobacterium nucleotum has
been noted for its high levels of virulence factors such as FadA, Fap2 and MORN2
proteins. Fusobacter nucleotum is not a common bacterium of the normal colon
flora but it is linked to development of colon cancer cells. Many Studies have shown
that the colon cancers tissues contain significantly high numbers of—Fusobacterium.
Additionally, other studies have associated the bowl Fusobacterium colonization and
infection with development of Ulcerative Colitis which in turn increases the risk of
colon cancer development.

The risk of ovarian cancer is determined by diet [194], inflammation, family
history, age and reproductive factors. An imbalance in cervical microbiome has been
recognized in women with ovarian cancer [195]. Microbiome dysbiosis is found
to be correlated with pathological issues including cancers [176]. For example,
dietary fiber is useful in the formation of gut bacteria and a decrease in the (-
glucuronidase activity in the intestines. As a result, estrogen reabsorption and
subsequent deconjugation process may be decreased [176].

Some studies have shown that dietary regulation of intestinal bacteria has a posi-
tive effect on symptoms of anxiety, apprehension and fears [196, 197]. The number
and type of bacteria in the gut changes with our diets, thereby, a good diet can
result in a peaceful mind. The most inexpensive and simple way of having excel-
lent and diverse bacteria in the gut is the consumption of variety of foods [198].
If at a minimum five vegetables in different colors are consumed on daily bases,
will result in production of high fiber elements which in turn ferments the gut and
helps with bacterial overgrowth [199]. As part of the fermentation process, bacteria
release essential chemicals and acids that interact with the rest of the body’s cells
which promotes health of immune system. The Mediterranean diet contains large
amounts of fibers, which by fermentation improves people’s immune systems and
healthier body and minds [200]. Foods such as kombucha, kefir, yogurt, butter, milk
and whey, primarily utilized in Eastern cultures, help the formation of probiotics in
the intestine. By consuming prebiotics, the lifespan of intestinal bacteria increases.
In a meta-analysis by Tamtaji demonstrated that probiotic supplements in patients
with neurological disorders had positive effects on CRP, MDA, insulin, HOMA-IR,
triglycerides, VLDL-cholesterol and HDL-cholesterol levels [192].

Human gut microbiota has a great impact on human metabolism, expression of
gene and health [186]. For example, Fusobacterium nucleatum is considered as a risk
factor for colorectal cancer. Immune modulation is considered to be the most impor-
tant mechanism of Fusobacterium playing a pivotal role in development of colorectal
cancer [186]. The identification of these microbial-food interactions has biological
potential and promises innovative development of new metabolically targeted foods
that can result in better health, metabolism and protection [175].
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Genetics and Nutrition

One of the lifestyle genomic objectives is to provide personalized diets that are quite
promising in preventing disease processes. However, personalized nutrition relies
not only on a person’s genetic make up,, but also on his or her psychoemotional
needs [200]. Nutrition can influence health outcomes through directly affecting gene
expression in critical metabolic pathways and/or indirectly affecting genetic muta-
tion incidence at chromosomal levels or the base sequence that in turn leads to gene
dosage and gene expression alterations [2]. Nutrioms and nutrient health effects
(combinations of nutrients) rely on the inherited genetic variants that change the
absorption and metabolism of nutrients and/or the molecular interaction between
enzymes and their nutrient cofactors followed by biochemical reaction activity [2].
Nutritional Genomics suggests that various genetic polymorphisms may impact func-
tion of protein structure [201]. Thus, genetic differences may lead to differences in
food choices. Therefore a food that tastes sweet to an individual may seem normal or
even unpleasant to another. Taste receptor 2 member 38 (TAS2R38) gene in humans
plays arole in sensing the taste of some foods, genetic differences in the expression of
this gene in different people can affect the type and amount of nutrition one consumes
[202]. Genetic differences also lead to different responses in the nervous system of
individuals in perceiving the degree of satiety, sensing the taste and most importantly
the absorption of vitamins and elements. According to results of a number of studies,
the ability to absorb vitamin D, and other fat-soluble vitamins, such as vitamins A
and E, maybe up to 34 times different for two different people. Race and ethnicity
are other causes of genetic differences between individuals. Given that the degree
of genetic similarity between members of a family varies according to the degree of
their relationship with each other, groups of a particular race or ethnicity can also
be compared to large families with significant genetic and nutritional relationships
between members [203].

These common genetic and nutritional traits are often passed down through
the inheritance of specific common ancestral genes. Identification of specific gene
markers to explain the presence of specific traits or diseases in ethnic and racial
groups may help identifying environmental factors that cause variations in incidence
of specific disease among different populations or ethnic backgrounds. The results
of several studies on identical and dizygotic twins indicates that genetic factors
play a role in the occurrence of obesity among members of each family. Differ-
ences in the level of enzyme activity leads to heterogeneity in dietary requirements.
Popular dietary guidelines such as the Recommended Dietary Allowances (RDA) or
the recommended intake of a dietary substance are based on the metabolic conse-
quences of consuming or not consuming specific foods. Although these diets provide
a standard for determining the adequacy of specific foods; they are not tailored to the
nutritional needs of different groups of people. Thus, regardless of dietary modifi-
cations according to better known nutritional differences between different cultures
and communities, they may still pose a threat to the health of many smaller sub-
groups. Differences between racial and ethnic groups are undeniably paramount in
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the formulation of nutritional guidelines. Moreover, diets are adjusted according
to the characteristics of a particular racial group, other groups will not be able to
follow them. Improved health outcomes can be obtained through personalizing the
nutritional requirements for each person by taking its inherited and acquired genetic
characteristics into account based on the stage of life, dietary preferences and state
of health [2].

Given that the development of personalized diet plans will accelerate health
promotion and disease prevention strategies for individuals, we are faced with three
key factors of ethnic diversity, food supply, and malnutrition. Different groups of
people follow a specific diet according to cultural, environmental and economic
differences, which is formed based on factors such as food supply, cost, quality of
taste perception and food habits. Chronic malnutrition can affect genome stability and
gene expression while genome instability also leads to mutations in gene sequences.
Despite the evidence confirming the effect of genetics on nutrition, up to date no
fully valid and credible study has been performed on the effects of genetic factors on
nutrition. Although the science of nutrigenetics and nutrigenomics have cultivated
a high level of understanding on nutrition at the genetic level, absence of scientific
studies with power, credibility, and reproducibility renders difficult task to formulate
recipes based on genetic tests.

The Importance of Knowing About the Genetic Nature
of Lifestyle

The importance of knowing this concept is that with the increasing advancement
of genetics, development of stem cell-based therapies, genomic editing techniques,
and the enormous potential for rendering the desired changes to any individual is
conceivable by considering their genetic nature. Furthermore, it is possible to achieve
the best results in order to obtain ideal fitness, desired exercise, and an appropriate
ideal lifestyle by managing nutrition and lifestyle.

Overview of Nutrigenetics and Nutrigenomics

The unique composition of genes illustrates the nutritional needs of an individual.
Therefore, adjusting the diet based on a genetic profile is an important contributing
factor in maintaining a healthy state while it may prevent disease occurrence and
development. The science of the effect of genetic variation on dietary response and
the role of nutrients and bioactive food compounds in gene expression is described as
nutrigenetics and nutrigenomics [113]. Nutrigenetics focuses primarily on evaluating
genetic and epigenetic changes in response to a specific dietary component, resulting
in achange in the disease status [4]. A personalized diet will be developed in the future
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based on a specific dietary counseling SNP-based test. This important development
can be achieved based on information collected from new high-throughout ‘omics’
technologies. Combing these data supports the development of so-called “personal-
ized nutrition” in a way that it maintains a healthy body thereby preventing a diseases
state or help with treatment strategies [204]. An example of personalized nutrition is
the bioactive components of olive oil (oleic acid, biophenols and vitamin E) capable
of modulating patterns of gene expression with proven effectiveness in chemopreven-
tion [205]. There are two parts of Nutritional Genomic Area: Nutrigenetics essentially
describes the modulating effects of inheritance (or mutations acquired in the case of
cancer) in nutrition-related genes on the absorption and metabolism of micronutrients
and dietary impacts on the health of individuals [2]. In response to dietary nutrients,
nutrigenomics is applied to evaluate an altered genomic profile and to develop new
strategies that can be utilized in personalized nutrition and medicine. In 2001, Pele-
grin was the first to recognize and define Nutrigenomics [206], while Van Ommen
and Stierum continued of the investigation and application of nutrigenomics [207].
Evaluation of the biological action of a natural compound in multiple metabolic path-
ways has become possible by system biology tools which include interrelationships
with other nutrients linked to genotype, all of which intended to achieve benefits for
human health. Dietary released agents have multifaceted functions and are associ-
ated with genomic alterations with environmental factors. Nutrigenomics provides
significant added value for the prevention of cancer and other chronic diseases.
There are three major factors that incorporate nutrigenetics and nutrigenomics as
an important science. First, there is a large variation in the inherited genome among
ethnic groups or populations that influence bioavailability and metabolism of nutri-
ents. Second, individuals vary significantly in their accessibility to food/perception
of cultures, economics, geographies and tastes. Third, malnutrition (deprivation or
excess) may by itself impact the expression of target genes and the stability of the
genome; the second one leads to gene sequence or chromosome mutations that may
produce an abnormal dosage of genes and gene expression resulting in adverse pheno-
types throughout the different stages of life [2]. In preclinical and clinical studies,
several phytochemicals are approved to have an anti-carcinogenic impact. Flavonoids
are candidates in signaling pathways as genomic modulators for invasive n and
metastatic cancer cell inhibition in colon, breast, prostate, liver, ovarian and lung
cancers [208]. A phytoalexin called resveratrol (trans-3, 4', 5-tri-hydroxystilbene)
is found in peanut skins, berries, grapes, and some other fruits. It is thought to
cause promising therapeutic antioxidant and anti-inflammatory impact on cancer
cells by preventing its proliferation. Resveratrol’s antiproliferative effect is mediated
by inhibiting multiple transcription factors, up-regulation of p53, caspases and Bax,
and down-regulation of survivin, cyclines, and Bcl-2. Increased Bax/ Bcl-2 ratio
and increased caspase regulation results in cellular apoptosis [209]. Rhus vernici-
flua (Toxicodendron vernicifluum) is also called the “lacquer tree”. It has been used
in traditional Korean medicine for many years due to its antioxidant, antimicro-
bial, anti-inflammatory and anti-cancer properties [209]. According to experimental
studies, Rhus verniciflua flavonoids have an antiproliferative and anti-apoptotic roles
in several tumor cell lines such as human lymphoma, osteosarcoma, breast cancer and
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hepatocyte alterations [209]. Allium sativum, green tea, Panax ginseng, camptothecin,
curcumin, resveratrol, Rhus verniciflua and Viscum album have shown adequate clin-
ical evidence to support their effects on cancer cells. Hence it appears that they can
be utilized in combination with existing chemotherapy medications against various
types of cancers as adjuvant therapies [209]. The process of discovering new drugs or
designing medications from natural ingredients is based on a combination of nutri-
genetics and nutrigenomic data. Due to the heterogeneity of the different molecular
structures recovered from natural sources, the natural compounds have multifaceted
properties. Despite all these obstacles, it is essential to define personalized diets in
daily practice that supports chemotherapy [208].

Epigenetics

Unique components in foods can stimulate or inhibit a gene or gene promoter.
Familiar foods with these properties include whey, turmeric, and isothiocyanates
in cruciferous family plants and genistein in soy foods. Whey, for example, shuts
down genes involved in inflammation while isothiocyanates activates genes that help
with active detoxification in liver inferring that what one consumes can affect the
gene expression in epigenetic modulation [210].

The theory behind cellular proliferation of abnormal cells or tumors is that a muta-
tion occurs in a gene that affects DNA, causing a cell to grow out of control invading
normal tissues. These mutations are characterized by actual changes in the program
or map that drives a cell. Epigenetics also plays a role in tumor growth. Epige-
netic changes can occur and turn off or activate genes within a cell [211]. Studies
of medieval medicine, history of medicine and relevant sections of the Canon of
Medicine, the first text book of medicine by Avicenna have indicated that he was
the first physician to debate on factors of lifestyle. He had precise knowledge of the
factors in lifestyle and how they influenced human health. He claims that lifestyle
alterations should be considered the key part of preventing or reducing development
of a wide range of diseases, and as a consequence a healthy and balanced life. Thus,
he has attempted to describe and categorize these factors based on their importance
and effectiveness in ensuring optimal health and disease elimination. He conceptu-
alized that many diseases are related to errors in the six factors that are essential for
promoting health and preventing disease. These six essential factors were described
by Avicenna as air, body movements, sleep and wakefulness, psychic movements and
rest, foods and drinks, evacuation and retention [212]. In today’s standards of practical
medicine, the six factors mentioned by Avicenna are defined as epigenetics. Embry-
ologist and geneticist C.H. Waddington first suggested the term Epigenetic (EG). In
1942 Waddington explained the development of multicellular organisms and their cell
differentiation. The term “epigenetics” is a combination of epigenesis and genetics.
Itis a biological branch that studies the cause, effects, and interactions between genes
and genetic products (environment) that induce phenotypes (2). Epigenetic changes
are described as the hereditary alterations in gene expression occurring in the DNA
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sequence with no changes. EG plays a vital role in normal development through
transcriptional regulation of the different genes. The main epigenetic mechanisms
in mammals are DNA methylation and histone alterations, both linked to the config-
uration of chromatin [213]. Diet by itself or by interaction with several other envi-
ronmental factors might induce epigenetic changes which can turn on or off certain
genes. As a result, epigenetic silencing of genes that might usually defend against a
disease can make people more likely to develop a certain disease in the future. The
heritable and dietary modifiable epigenome is the global epigenetic pattern estab-
lished by the methylation of global and gene-specific DNA, histone modifications
and the proteins associated with chromatin that controls the expression of house-
hold genes and impedes parasitic DNA expression, including transposons [2]. Wang
et al. introduced two phytochemicals— dihydrocaffeic acid (DHCA) and malvidin-
3’-O-glucoside (Malgluc), grape seed extract, metabolic intermediates derived from
grape juice of Concord and transresveratrol that decrease depression-like behav-
iors in mice. Wang et al. used a mouse model to show treating mice with DHCA
and Mal-guc added to drinking water that increased stress persistence and reduced
depression-like behavior patterns [214]. The authors especially noticed that DHCA
decreased the expression of “methyl-DNA writer,” the methyltransferase 1 DNA
(DNMT1). DNMT1 methylates interleukin 6 (IL-6) intronic sequences, reducing
the level of this pro-inflammatory cytokine previously involved in the development
of depressive disorders. On the other hand, mal-gluc decreased the expression of an
“acetyllysine eraser” histone deacetylase 2 (HDAC?2), that resulted in a significant
rise in histone H3 acetylation of the RAS-related botulinum toxin substrate 1 (Racl)
gene, the expression of which was found to be down-regulated under acute stress. A
combination of the treatment of DHCA and Mal-gluc reduced IL-6 level to baseline
and simultaneously increased Rac1 expression leads to endurance against the growth
of depression-like phenotypes in rats. Generally, Wang et al.’s report provides remark-
able evidence about how grape-derived phytochemicals may also impact inflamma-
tion and brain synaptic plasticity, thereby promoting stress resilience in rats. This
increases the possibility that such compounds might be combined with previously
existing antidepressants that may be of interest as therapeutic measures for treating
of patients with depression and anxiety [213]. DNA methylation occurs primarily on
CpG islands and in repetitive genomic sequence (e.g. sequences LINE-1). It directly
represses transcription by hindering the binding of particular transcription factors and
indirectly through recruiting binding methyl-CpG proteins remodeling chromatin to
an inactive state [2]. Post-translation alterations occur to histones that change their
interaction with nuclear proteins and DNA. The tails of histones H3 and H4 in partic-
ular could be covalently altered by methylation, acetylation, and phosphorylation at
several residues. These alterations have an impact on gene expression, DNA repair
and condensation of chromosomes [2]. Lack of methylation due to deficiency of
methyl donors (e.g. folate, vitamin B 12, choline and methionine) or lifetime inhibi-
tion of DNA methyltransferases leads to activation of the transposon and silencing
of promoters as the activated transposons are inserted adjoining to a household gene
promoter [211, 215, 216]. As aresult of these stochastic mishaps, there is a relentless
shift towards global hypomethylation of DNA and age-silencing of tumor suppressor
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genes leading to changes in genotype (due to chromosome missegregation), gene
expression profile, cellular phenotype and increased cancer risk.

Early-life malnutrition has been directly and indirectly related to several adult
disorders, eventually leading to an epigenetic memory hypothesis. Lactation in mice
induces epigenetic changes which later in life influence the likelihood of obesity
development [217]. It is known that milk lipids can activate PPAR«, the nuclear
receptor, an important transcriptional hepatic liver metabolism regulator. Yuan et al.
determined several target genes for PPARa by genome-wide analysis of DNA methy-
lation. It included the fibroblast growth factor-21 (Fgf21), which develops demethy-
lation of PPARa-dependent DNA after pharmacological activation of PPARa in mice
[217].

Fgf21 is an essential liver hormone with many metabolic functions, which includes
maintenance of body weight and the regulation of energy homeostasis. Yuan et al.
found that Fgf21’s DNA (de)methylation status, when founded in early life, remains
intact in adulthood. Moreover, they found that reduced Fgf21 DNA methylation
is correlated with decreased diet-induced obesity in older animals. The researchers
alsoillustrated that demethylation of Fgf21 is triggered throughout lactation period of
newborn rats. This study’s results are astonishing and may have a significant impact
on our insight into the mechanisms by which promotes obesity. These data suggests
an association between breastfeeding and weight loss, and also eloquently reveals
how specific early life built epigenetic modifications generate a long-lasting effect
[213]. Biomarkers of DNA damage are currently at various validation levels based
on evidence of association with nutrition (cross-sectional epidemiology and inter-
vention findings) and disease (cross-sectional epidemiology and prospective cohort
findings) [218]. The cytokine blocked lymphocytes micronucleus assay is currently
the best-validated biomarker for DNA damage nutritional genomic studies. Given
the advances in diagnostic technologies assessing DNA damage, it has now become
possible (a) to determine dietary reference values for DNA damage prevention and
implement the concept of DNA damage prevention in the Genome Health Clinic [2,
216, 218]. A study conducted by Mitra Hariri et al. found the impacts of probiotic
soy milk and soy milk on MLH1 and MSH2 promoted methylation and oxidative
stress among patients with T2DM.. Probiotic soy milk reduced promotor methylation
significantly in the proximal and distal MLH1 promoter region compared to baseline
values while the plasma concentration of 8-hydroxy-20-deoxyguanosine (§-OHdG)
reduced significantly in comparison with soy milk. Additionally, there was a signif-
icant increase in the activity of superoxide dismutase (SOD) in the probiotic soy
milk group in comparison with the baseline values. No substantial changes were
observed in the promoter methylation of MSH2 within either group from baseline.
The use of probiotic soy milk improved antioxidant status in T2DM patients and
may reduce promoter methylation within these patients. This indicates that probiotic
soy milk is a promising agent for the management of diabetes [185]. Perturbations in
one-carbon metabolism can significantly improve carcinogenesis by triggering the
methylation and synthesis of aberrant DNA. Choline and its betaine metabolite are
essential methyl nutrients that affected the one-carbon metabolism. A low choline
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and betaine status may interrupt the methyl pool and may be attributed to carcino-
genesis. In genes that encode choline-related one-carbon metabolism enzymes,
including phosphatidylethanolamine N-methyltransferase (PEMT), choline dehy-
drogenase (CHDH), and betaine-homocysteine methyltransferase (BHMT), func-
tional polymorphisms have vital roles in choline metabolism. Thus it may interact
with dietary intake of choline and betaine to alter the risk of breast cancer [219].
The risk of breast cancer was substantially increased for women with low choline
intake and wild genotype of PEMT rs7946 or BHMT rs3733890. The field of
nutrigenomics exploits numerous disciplines and involves dietary impacts on genome
stability (DNA damage at molecular and chromosome level), epigenome modifica-
tions (DNA methylation), expression of RNA and micro-RNA (transcriptomics),
expression of the protein (proteomics) and metabolite alterations (metabolomics)
that can all be explored individually or in an integrated way to identify the health
status and/or the trajectory of the disease. Of these biomarkers, however, only DNA
damage is an obvious biomarker of fundamental pathology that may be alleviated by
promoting genetically aberrant cell apoptosis or lowering the rate of accumulation of
DNA damage. Changes in the levels of the epigenome, transcriptome, proteome and
metabolome may reflect changeable homeostatic responses to changed nutritional
exposure. It may not be sufficient alone to demonstrate specific irreversible pathology
at the genome [2]. Several chemicals have been reported to induce transgenerational
phenotypic effects in animal studies which include cyclophosphamide, alloxan and
vinclozolin. For these effects, transgenerational transmission of chemically generated
epigenetic alterations has been proposed as potential mechanism. Anyway. Demon-
strated that, at the time of gonadal sex determination, gestational exposure of female
rats to endocrine disruptor vinclozolin triggered a wide range of abnormalities in
offspring then transmitted down the male line for at least 3 generations. The high
rate of the defects (about 90% of all males in all generations) and eliminating abnor-
malities proposed gametic epigenetic inheritance once passed down the female line.
In the present study, changed methylation of DNA was shown in two candidate genes
in sperm from males exposed to vinclozolin, and these abnormal patterns of methy-
lation were inherited. These findings suggest that exposure of germ cells is essential
to generate heritable epigenetic alterations, probably at a particular developmental
stage [220]. The sensing and signaling of nutrients is the main regulator of epigenetic
cancer machinery. CARMI arginine methyltransferase is activated during glucose
deficiency by the AMPK energy sensor and mediates histone H3 hypermethylation
(H3R17me2) leading to increased autophagy. O-GlcNAc transferase (OGT) also
signals the availability of glucose to TET3 and hinders TET3 either by decreasing
its dioxygenase activity or by enhancing its nuclear export. OGT is also viewed to
modify the O-GIcNAc histones directly. These findings firmly indicate that nutrient
signaling targets epigenetic enzymes directly to control epigenetic changes [221].
The second one is highlighted that genome damage maybe the principal cause of
degenerative and developmental diseases. It can be diagnosed accurately and avoided
by adequate dietary and lifestyle intervention at a genetic subgroup and personalized
level.
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MicroRNAs and Diet

MicroRNAs are a group of small non- coding RNAs (18 to 25 nucleotides) that play
important roles in many physiological processes and gene expression regulation
[222, 223]. These molecules can control the expression of more than 60% of human
genes [224]. MicroRNAs execute their gene-regulating activities at intracellular and
extracellular levels. The miRNAs enclosed in apoptotic bodies, microvesicles, and
exosomes can be absorbed by other organisms, which influences gene expression in
recipient cells [225, 226].

There are two different views on the relationship between dietary compounds and
miRNAs: 1) dietary compounds can target mammalian endogenous microRNAs and
regulate their expression, and 2) food-derived miRNAs (or xenomiRs) as bioactive
molecules can pass through the gastrointestinal tract and regulate the expression
of target genes in other organisms, a phenomenon is known as ‘“cross-kingdom”
regulation [227, 228] (Fig. 3.1).
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Fig. 3.1 Regulation of gene expression by dietary factors
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The Impacts of Dietary Compounds on MicroRNAs

Bioactive dietary compounds may influence endogenous miRNAs production in
humans and animals [227, 229]. Several studies have reported that bioactive dietary
components in foods (like vitamins, selenium, polyunsaturated FAs, and dietary
fibers) can alter the expression of many cardiovascular-related miRNAs such as
miRNA-199, miRNA-155, miRNA-21, miRNA-34, and miRNA 30 family [230].
Dietary polyphenols present in fruits, wine, tea, and coffee can modulate the expres-
sion of miRNAs in chronic diseases. Although their functional mechanisms are not
exact, miRNAs are involved in different biological processes such as cell migration,
apoptosis, inflammation, etc. [231]. Davidson et al. stated that fish oil (containing
n-3 FAs) had chemoprotective effects in the colon of the rat exposed to a carcinogen.
Dietary n-3 polyunsaturated FAs can protect the colon against the development of
malignant tumors through modulating miRNAs dysregulation [232]. Furthermore, a
diet rich in polyunsaturated FAs reduced miR-21 level and inhibited the expression of
pro-inflammatory medsiators and cytokines in chronic diseases [233]. Overall, nutri-
ents contain several bioactive components that have the ability to regulate miRNA
expression in cancer cells. The microarray analysis of miRNAs revealed that polyphe-
nols such as EGCG present in green tea could change the expression profile of specific
microRNAs in human hepatocellular carcinoma HepG2 cells. Human miR-16, which
was up-regulated after EGCG treatment, was shown to target Bcl-2 and induce apop-
tosis in cancer cells [234]. In a study, Garzon et al. demonstrated that miR-181b
was downregulated whereas some miRNAs involved in hematopoietic differentia-
tion and apoptosis (let-7c, let-7d, miR-15a, miR-15b, miR-16-1, let-7a-3, miR-223,
miR-342, and miR-107) were up-regulated in acute promyelocytic leukemia (APL)
patients after all-trans-retinoic acid (ATRA) treatment [235]. In vivo and in vitro
experiments on human lymphoblastoid cells under various treatments showed that
reduced dietary folate could increase the level of hsa-miR-222 in human periph-
eral blood and a lymphoblastic cell line. Then the level of hsa-miR-222 returned to
normal when folate was added to the culture medium of the cell line again [236].
Another clinical trial identified that the consumption of a diet rich in lean red meat
(HRM) altered the expression of oncogenic microRNAs in rectal mucosal tissues. In
the recent study, two different diets (the HRM containing 300 glean red meat per day
and the HRM plus 40 g butyrylated resistant starch) were tested on 23 healthy volun-
teers for 4 weeks. While the recent HRM diet induced the expression of miR-21 and
miR17-92 cluster miRNAs in the rectal mucosa, which are upregulated in colorectal
cancer, the latter HRM diet (i.e., plus butylated resistant starch) restored the expres-
sion of miR17-92 to the baseline. These results suggested that consuming resistant
starch and the HRM diet could reduce colorectal cancer risk [237]. Although the
list of dietary components that can change miRNAs expression is lengthy, molecular
mechanisms linking miRNAs and these components are not well understood. Thus,
many more in-depth investigational and longitudinal studies are needed to better
understand the underlying mechanisms.
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Dietary MicroRNAs

Evidence suggests that various miRNAs present in foods can modulate the expres-
sion of target genes in humans and other animals. In 2012, Zhang et al. reported that
miR-168a present in rice could target mammalian low-density lipoprotein receptor
adaptor protein 1 (LDLRAP1) mRNA and increase LDL plasma level [238]. These
researchers provided the first evidence for the effects of food-derived miRNAs on
gene expression regulation in mammals. Despite the controversial nature of this
report, food-derived miRNAs have attracted a lot of attention among scientists
working in this field. Subsequently, many studies have tried to find dietary miRNAs
in other dietary resources including animals and plants.

Wang et al. stated that the oral consumption of miR-451 increased blood miR-451
levels and protected erythroid cells from oxidative stress in miR-144/451 null mice
[239]. In 2013, Dickinson et al. tried to replicate Zhang et al.’s experiment, but they
failed to demonstrate the effects of rice miR168a on LDLRAP1 expression in mice
liver and plasma [240]. Then Witwer et al. after the reanalysis of the available data
claimed that human sequences had been misidentified as plant miRNAs. Therefore,
it was stated that the detection of some plant miRNAs (MIR2911, MIR2910) in
sequencing resulted from contamination with human sequences [241]. Furthermore,
Mico et al. failed to detect plant miRNAs in human plasma after virgin olive oil
consumption [242]. Recent study has demonstrated that after oral consumption of
corn, a significant number of corn-derived miRNAs were destroyed in the gastroin-
testinal tract of C57BL/6 mice, and no differences were observed between the miRNA
profile of corn and that of the animals’ blood and tissues [243].

In the study of Xiao et al., plant miRNAs from broccoletti sprouts were analyzed
by deep sequencing and bioinformatic approach. Although they found 747 miRNAs
in the broccoli, their results could not support cross-kingdom regulation by the dietary
miRNAs in pancreatic cancer. Also, broccoletti-derived miRNAs did not affect the
viability and proliferation of pancreatic ductal adenocarcinoma (PDA) cells [244].

Several studies have detected various dietary miRNAs. In 2014, Lukasik et al. by
high-throughput sequencing analysis identified plant miRNAs in human and porcine
breast milk exosomes. The identifying plant miRNAs such as ath-miR166a, pab-
miR951, ptc-miR472a, and bdi-miR168 in human breast milk samples indicates
that these molecules may have the potential to regulate human target genes [245].
Baier et al. demonstrated that a remarkable number of cow’s milk miRNAs could be
internalized by and then modify gene expression in human white blood cells, as well
as mouse liver and HEK-293 cells [246]. Furthermore, computational analyses on
microRNA-sequencing data after eating milk validated that nine cow’s milk miRNAs
were present in human plasma. This result approved that exogenous miRNAs can be
transferred by consuming milk [247]. Also, both food-derived exogenous miR-166a
and miR-159 were found in the sera of the mice fed with rapeseed bee pollen [248].

Recently, several studies reported that dietary miRNAs might have therapeutic
effects on human diseases such as viral infections and cancers. For example,
honeysuckle-derived miR2911 could target influenza type A viruses and inhibit viral
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replication in mice [249]. Similarly, plant-derived miR 159 can be absorbed in human
serum through dietary intake and also inhibit cell proliferation in non-GI cancers
(e.g., BO) by targeting transcription factors in the Wnt signaling pathway [250].
Furthermore, the oral consumption of a cocktail of miRNAs (miR34a, miR143, and
miR145), as anew chemo preventive strategy, inhibited tumorigenesis in the ApcMin/
+ mouse model of colon cancer [251].

Dietary miRNAs’ Stability

Interestingly, plant-derived miRNAs seem to be highly stable during food processing
and cooking [222]. O-methylation loci at the 3’ ends and a high GC content in their
structure enhance the stability of plant miRNAs [249, 252]. Dietary miRNAs can
bind to other molecules in the food matrix and protect themselves from degradation
[253, 254]. One study reported that maize-derived miRNAs were resistant to harsh
cooking conditions. Only a minimal number of miRNAs were degraded after puffing
treatment, and these cooked maize miRNAs then could cross the GI tract and enter
porcine bloodstream [255]. Philip et al. revealed that miRNAs from soybean and rice
had good stability (for more than 1 h) in the digestive system without any considerable
decline in their concentration. Under a similar conditions however, synthetic cel-lin-
4 miRNA did not show the same stability during simulated digestion and cooking
[256].

Milk-derived miRNAs, which are permeable to intestinal barriers, are encap-
sulated in exosomes and can mainly survive within the human digestive system
[257]. Zhao et al. also showed that extracellular vesicles could protect milk-derived
miRNAs from microwave heating [258]. These results suggested that factors such
as the intrinsic structure of miRNAs, their ability to form complexes with other
molecules and extracellular vesicles (micro vesicles, exosomes, apoptotic bodies,
etc.) determine miRNAs stability during food processing and against digestive
enzymes.

Although the above-mentioned observations suggest both advantages and disad-
vantages for dietary miRNAs, we cannot ignore their existence and roles in gene
expression regulation. There is currently inadequate evidence about the mechanisms
of dietary miRNAs’ actions and further studies are needed to clarify these concepts.

Concluding Remark

In this chapter a comprehensive overview of genomics-lifestyle-diet interactions was
presented. However due the wide range of the topics and space limitation a more
detailed account of the topics is left for future manuscripts. Nutrigenetics, nutrige-
nomics and diet-environment related epigenetic alterations are currently under exten-
sive studies. Employment of the research outcome in this field would be an effective
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and innovative modality for the human health protection, and disease prevention
for generations to come. It is our hope that this chapter has provided meaningful
insights into healthy populations and wellbeing of future generations through better
understanding of interactions between nutrients, life style, epigenetics and genomic
variants.
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Chapter 4 )
Impact of Behavioral Adversities During | oo
Life on Individual’s Long-Term Health
Status—A Three-Year Follow-up of 403
Middle-Aged PEP—Participants

Gerda-Maria Haas and Peter Schwandt

Abstract Numerous observational studies over the past 80 years have explored the
association of lifestyle risk factors, individually and, more recently, collectively,
with the risk of mortality and chronic diseases. Findings suggest that being physi-
cally active, being of normal weight, avoiding smoking, and consuming a moderate
amount of alcohol confer the lowest risk of total mortality and chronic, noncom-
municable disease, particularly cardiovascular disease. Subjects and Methods: 403
healthy adults (aged 19 to 73 years) without known Cardiovascular Disease (CVD)
who participated for the first time in the PEP Family Heart Study Nuremberg were
examined and measured for anthropometric and laboratory CVD risk factors, lifestyle
in year 1, and 2 years later after they had yearly health and nutrition passports and
advice. Results: Middle-aged women had less CVD RF than men, but the effects of
adverse behavior were stronger in women than in men. Highest negative influence on
laboratory measurements were observed for elevated Triglycerides and NonHDL-
Cholesterol by less physical activity, for low HDL-C by cigarette smoking, and for
obesity by the consumption of fat more than 30% of the daily energy. Conclusion:
Consequent following lifestyle recommendations should start as soon as possible,
because age is an independent factor which strengthens all other adversities.

Keywords CVD risk factors - Physical activities + Dietary habits - Sitting times *
Life-style consulting

Introduction

Numerous observational studies over the past 80 years have explored the associa-
tion of lifestyle risk factors, individually and, more recently, collectively, with the
risk of mortality and chronic diseases [1, 2]. Findings suggest that being physically
active, being of normal weight, avoiding smoking, and consuming a moderate amount
of alcohol confer the lowest risk of total mortality and chronic, noncommunicable
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disease, particularly cardiovascular disease. Recently Hamer et al. [3] reported the
positive effect of healthy lifestyle even in hospitalized COVID-19 patients. Because
prevention by lifestyle should begin with the childhood, we started the PEP Family
Heart Study [4—7] with first graders, their parents and siblings. Here we report about
the parents and their lifestyle components when at the begin.

Subjects

In 403 healthy adults (aged 19 to 73 years) without known Cardiovascular Disease
(CVD) who participated for the first time in the PEP Family Heart Study Nuremberg
we measured anthropometric and laboratory CVD risk factors (RF) according to the
recommendations of the European Society of Cardiology (ESC) [8] as well as of the
National Cholesterol Program (NCEP) [9] and the International Diabetes Federation
(IDF) [10].

Weighed nutritional intake was assessed by dietary protocols over 7 consecutive
days before fasting blood sampling (including the weekend) using the computer
program PRODI version 4.5 [7], the American Standard Code ASCI, SPSS 21 and
the recommendations of D-A-C-H 2019 [11].

Methods

Measurements

At each survey, we measured at home weight and height to the nearest 0.1 cm
and 0.1 kg using a calibrated electronic scale SECA (Vogel & Halske, Hamburg,
Germany). We calculated body mass index BMI (kg/m?), measured waist circum-
ference (WC), hip circumference (WHR), waist-to-height ratio (WHtR). All calcu-
lations are performed with IBM SPSS Version 21. For all regression models and
bivariate correlations, p-values were calculated for 0.01. For regression models, we
used univariate regression models for estimating the differences between the single
fat patterns and multivariate models for calculating the age-, sex- and bias- adjusted
associations between fat patterns and further cardio-vascular risk factors.

Categorization of adverse variables.

As adverse factors for life long health were defined.
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Smoking

Smoking was divided in:

Non-smoker

Ex smoker

Active smoker
Occupational smoker
Passive smoker
Ex-passive smoker.

A e

For univariate as well as for multivariate logistic regression models categories
1,2,5, and 6 were summed up as non-smokers, 3 and 4 as smokers.

Unhealthy nutrition was defined by German (D)—Austria—Switzerland (CH).

(D-A-C-H) recommendations 2018 [12], defined as recommended and more than
recommended.

Unhealthy alcohol consumption was defined as 40 mg/d for men and 20 mg/d in
women. [12], adverse was defined as high alcohol consumption.

Less Leisuretime Physical Activity (LTPA):

LTPA was calculated in terms of Metabolic Equivalents (METs) from structured
interviews using the compendium 2007 of Ainsworth BE [13].

Adverse behavior: less Metabolic Equivalents than 2,040 min per week.
Sitting Time:

Time watching TV or screens (STV). STV high was defined >2 h /d (office resp.
household).

Weight:

Overweight/general obesity BMI >25 kg/m? — < 30 kg/m?/BMI >30 kg/m? [8].
Abdominal Obesity: WC > 104 cm for men, > 88 cm for women [10].
Hypertension: ESC Guidelines 2018 [8].

Dyslipidemia: NCEP [9].

Increased Low Density Cholesterol (LDL-C) > 160 mg/dL.

Increased Total Cholesterol (TC) > 200 mg/dL.

Decreased High Density Cholesterol (HDL-C) < 40 mgdL for men, > 50 mg/dL for
women.

Increased Non High Density Cholesterol (NonHDL-C) < 130 mg/dL [11].
Hypertriglyceridemia: Triglycerides (TG) > 145 mg/dL [10].
Increased Fasting Plasma Glucose (FPG) > 100 mg/dL [10].
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Statistical Analysis

All statistical analyses were performed using actual SPSS (Chicago, IL, USA).
Bivariate and multivariate analysis were conducted, and multivariate regression anal-
ysis was used for age and gender adjustments. Generalized estimating equations were
used to generate adjusted P values that accounted for correlation among multiple
within-family observations as well as for adjustment for age and gender. All vari-
ables were tested for normal distribution. Statistical tests were two-sided, and P <
0.05 was considered statistically significant, for correlations with P < 0.01 and signif-
icances for paired differences and regression coefficients, respectively, odds ratios
(ORs), with P < 0.001. Self-reported physical activities were calculated with a given
manual in metabolic equivalents (METS).

Results

Basic Results

Only 76 women and 27 men had no risk factor at all.

Because of the diversity of the theme here we report only some selective results.

47% of men were non overweight (Q 67.1%), 44% were overweight (Q 24.9%)
and 9% of men vs. 8% of women were (general) obese; whereas 88% of men and
84.8% of women had non increased WC, that means only 12% of the men and 15.2%
of the women were abdominal obese (Table 4.1).

Except of thickness of triceps skinfold all measured and laboratory results were
higher in men than in women (Table 4.2).

Except of age all tested mean values differed significant in both genders. The
second difference was observed for age: Women without any RF were significant
younger than women with RF. The means of riskful adults were significant higher
than the means of the adults without any CVD RF (Table 4.3).

Compared with men’s proportion free of risk was doubled for women (38.1%
versus 19.4%).

Prevalences of Rfs are given for anthropometric and laboratory RFs as well as
for behavior risk factors in the following tables and figures. More than 1 CVD Risk
Factor was observed in the other 166 “healthy” men and 147 “healthy” women as
shown in 42.9% of the man had 1 to 3 RF compared 43.4% women. 6.4% of the man
and 2.1% of the women even had 7 or more CVD RF (Figs. 4.1 and 4.2).

The most frequent adverse factor in men was BMI >25 kg/m? the most frequent
in women was found for consuming more fat than recommended.

Fathers were at higher risk than mothers.

CVD risk factors in men and women are demonstrated (below) (Fig. 4.3).

The prevalence of hypertriglyceridemia is about threefold higher in men than in
women.

Compared with men the mothers improved their risk significantly more.
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Table 4.1 Characteristics

year 1 Men Women
Year 1 Year 1

n 166 237

Mean age (years) 41.1 (7.7)* 38.8 (7.3)
Median age (years) 40.0 38.0

Age range 18.0-73.0 25.0-70.0
Weight (kg) 82.7 (11.8)* 66.1 (10.8)
Height, (cm) 179.7 (7.2)* 165.9 (5.9)
BMI (kg/m?) 25.6 (3.2)* 24.0 (3.8)
WC (cm) 91.9 (9.6)* 78.6 (9.7)
WHtR 0.51 (0.1)* 0.47 (0.1)
HC (cm) 102.4 (6.6)* 99.9 (7.9)
WHR 0.90 (0.1)* 0.79 (0.1)
SFT triceps (mm) 11.6 (4.5) 17.9 (5.7)*
SFT subscap (mm) 15.8 (5.9) 15.1 (6.9)
SBP (mm Hg) 131.3 (14.4)* 118.6 (13.5)
DBP (mm Hg) 84.6 (10.0)* 77.0 (9.5)
TC (mg/dL) 194.6 (36.1) 193.0 (36.3)
TG (mg/dL) 106.8 (52.7)* 78.7 (39.6)
HDL-C (mg/dL) 47.8 (11.8) 62.3 (15.3)*
LDL-C (mg/dL) 125.5 (30.9)* 114.9 (31.3)
Non HDL-C (mg/dL) 146.8 (35.2)* 130.7 (35.0)
LDL-C/HDL-C 2.77 (0.9) 1.98 (0.8)*
FPG, mg/dL 103.7 (14.9)* 99.2 (12.4)
*P < 0.05

Behavioral Adversities

Alcohol Consumption

1.7% of fathers and 14.7% of mothers consumed more alcohol than recommended.

Smoking

Although of warning posters from governments all over the world we find smokers

in parents too (Table 4.4 and Fig. 4.4).

In between smokers were 13.1% persons with hypertriglyceridemia versus 9.4%
in nonsmokers and 34.4% with decreased HDL-C compared to 20.5% in nonsmokers.
Only 15% of (+3% occupational ones) of the parents were active smokers.
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Table 4.2 Comparison of means between parents without any RF and those with CVD RF

Men SD Women SD
Age Without RF 41 1.2 Without RF 37 0.5
Age With RF 41 0.7 With RF 40* 0.7
SBP Without RF 123 2.5 Without RF 115 1.0
SBP With RF 133% 1.2 With RF 120* 1.2
BMI Without RF 24 0.5 Without RF 23 0.3
BMI With RF 26%* 0.3 With RF 24%* 0.3
TC Without RF 163 4.0 Without RF 170 24
TC With RF 201%* 3.0 With RF 204%* 2.9
TG Without RF 76 4.9 Without RF 68 29
TG With RF 113%* 4.6 With RF 84%* 3.5
HDL-C Without RF 52% 1.8 Without RF 65* 1.2
HDL-C With RF 47 1.0 With RF 61 1.3
LDL-C Without RF 97 3.6 Without RF 92 2.3
LDL-C With RF 131%* 2.5 With RF 126%* 2.3
NonHDL-C Without RF 112 4.1 Without RF 105 2.4
NonHDL-C With RF 154%* 2.8 With RF 143%* 2.7
FPG Without RF 91 2.3 Without RF 91 0.8
FPG With RF 105% 1.4 With RF 103* 1.2
*P < 0.05

Calculating with Pearson correlations strong relation was observed between age
and year of age increases 1 unit of the CVD RF above. E.g., 1 year of life increases
TG with 0.212 mg/dL more (Table 4.5).

A strong correlation between age as a CVD RF was found for smoking behavior
correlated with hypertension (Fig. 4.5).

For smoking women older than 35 years the prevalence of hypertension is more
than fivefold higher than in women younger 35 years (Fig. 4.6).

In men highest prevalence besides smoking was found for prehypertension
followed by increased Non-HDL-C. In women overweight/obesity was higher than
in men. Hypertension as well as laboratory values (increased and decreased. also)
were higher in men than in women (Table 4.6).

Few LTPA had a higher negative effect in men whereas the negative effects of fat
rich meals where different for BMI, WC, compared with WHtR and WHR between
the sexes (Fig. 4.7).

Significant Linear Relationship Was Observed E.g.

1 kcal energy consumption corresponded with 0.006 mmHg DBP or 0.01 mg/dL
NonHDL-C. 1 g fat with 0.10 cm WC. 0.08 mmHg SBP. 0.02 mg/dL. TC or
0.13 mg/dL NonHDL-C.
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Table 4.3 Prevalence of CVD RF and adverse behavior in year 1. Same observation was made for
unhealthy anthropometric as well as for laboratory risk values respectively behavior

Men Women

Year 1 Year 1
n 166 237
IncreasedWC, &' > =102 cm, Q > =88 cm 13.9% 17.8%
IncreasedWHtR, > 0.5 54.2% 27.5%
Increased BMI, > = 30 kg/m? 9.1% 8.0%
SBP > = 140 mmHgI DBP 90 mmHg (prehypertension) 88.6% 50.2%
SBP > = 130 mmHgl DBP85 mmHg (hypertension) 28.3% 8.4%
Increased TC, > = 200 mg/dL 39.8% 37.1%
Increased TG, > = 145 mg/dL 16.9% 5.1%
Increased LDL, > = 160 mg/dL 42.8% 27.0%
Increased NonHDL-C, > = 130 mg/dL 67.5% 47.3%
Decreased HDL, &' < 40 mg/dL, @ < 50 mg/dL 24.7% 21.1%
Increased LDL_HDL, > 3 33.7% 10.5%
Increased FPG, > = 100 mg/dL 26.3% 14.9%
Smoking 20.5% 11.4%
Less LTPA 27.7% 17.3%
kcal > recommended 19.3% 16.9%
Fat > recommended 59.6% 41.4%
Alcohol > recommended 1.7% 14%

57.5% of these adults had no CVD RF at all

3R,
2 20,8
X A 15, 15,306 L
@ 20 - 2 12; 5155 ILS5 7 = 4,4
A agZ:5 e r3s e 0,8
o A
o 2 A i : e ; = A

3
number of CVD RF

Fig. 4.1 Prevalence of number for anthropometric and blood CVD RF observed in year 1

1 unit METsSs per week corresponded with —0.001 cm HC. 0.002 mg/dL HDL-C

or —0.006 mg/dL TG.

Each gram fat corresponded with 0.06 mg/dL TG. each g saturated fat (SAFA)
with 0.06 mg/dL LDL-C. or each g carbohydrates corresponded with 0.02 kg weight

in parents.
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Fig. 4.2 Prevalence of adverse factors

Relationship Between Nutrition and CVD RF

Both raw mass of energy and fats too and percentage of saturated as well as mono-
unsaturated or polyunsaturated in fat consumption were higher in men than in women
(Table 4.7).

An example for the relationship of macronutrients is given below answering the
question, whether there are any effects between macronutrients and blood pressure
(Table 4.8).

We observed higher energy consumption for hypertensive adults than in normoten-
sives. Their energy consumption contained more fat less carbohydrate more protein
and alcohol percentages than the energy consumption of the normotensive ones.
Same result was observed for prehypertension.

All dyslipidemic RF were related with higher energy consumption.

Significant higher alcohol consumption percentage was observed for increased
Non-HDL-C.

For hypertriglyceridemia we observed significant higher energy consumption too
for hyperglycemia significant higher protein consumption (Table 4.9).

For both gender fat consumption for adults with low LTPA was significantly higher
than in adults with high LTPA in men with low LTPA only SAFA and MUFA were
higher too. In women consumption of carbohydrates was significant higher with low
LTPA as well as the consumption of polysaccharides.

Univariate Relationship Between Adverse Behavior
and CVD Risk Factors

Adverse behavior resulted in different Odds for the risk of hypertriglyceridemia
between men and women (Fig. 4.8).
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Fig. 4.3 a CVD risk factors (year 1) in men. b CVD risk factors (year 1) in women

For hypertension associations were found for obesity—hypertension with OR 9.2
(3.1-27) in women and 2.2 (1.3-3.7) and in men 1.2 (1.0-1.8).

For abdominal adiposity were found significant effects of fat consumption, too,
in women and men (3.7; 2.3).
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Table 4.4 Smoking in Age Men (%) Women (%)

Germany
1820y 26.1 18.7
21-24y 36.2 23.4
25-29y 319 34.1
20-39y 35.0 27.4
4049y 32.1 28.2
50-59 y 30.0 24.8
5064y 22.0 19.4

B nonsmoking B exsmoking W smoking

M occup.smoker M pass.smoking M ex_pass.smoker

Fig. 4.4 Distribution of the exactly defined smoking behavior

Table 4.5 Significant correlations were observed for age and CVD RF

wC SBP BMI TC TG LDL-C |NonHDL-C |FPG
Age | 0.224%* | 0.357** | 0.182%* |0.170%* |0.212%* |0.179%* |0.213%* 0.293%#*
**P <0.001
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Fig. 4.6 Prevalence of further CVD RF in smokers

More than recommended consumption of fat (30% was recommended) was the
most adverse factor of macronutrients. E.g. for hyperlipidemia except of LDL.C and
hypertriglyceridemia in men and women too.

For increased LDL-C was found a significant effect of saturated fats consump-
tion (0 OR 3.2. CI195% 2.0-5.6. Q OR 4.4 (C195% 2.5-7.7).
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Table 4.6 Prevalences of further CVD RF in adults with less LTPA and more energy consumption
than recommended

Riskfactor Less LTPA More fat than recommended
Men Women Men Women
% % % %
Incr.BMI 17.8* 9.8 7.8 11.7*
Incr.WC 21.7 244 94 19.5%
Incr WHtR 67.4% 41.5 54.7* 32.5
Incr WHR 54.3* 46.3 43.8* 3.7
Hypertension 37.0% 4.9 25.0% 11.7
Prehypertension 87.0% 58.5 92.9% 54.5
Incr. TC 47.8% 29.3 61.0 60.9
Incr.LDL-C 43.5% 244 71.9* 58.4
Decr.HDL-C 39.1* 22.0 21.9 39.0%
Incr.NonHDL-C 85.9* 75.3 71.0% 524
Incr. TG 37.0* 7.3 6.3% 2.6
Incr. FPG 9.0 48.3* 42.2% 26.0
*P < 0.05
100,0
100,0
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Fig. 4.7 Prevalence of further CVD RF besides more energy consumption than is recommended
by D-A-C-H
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Table 4.7 Results of the weighed 7-days dietary protocols. The PEP-mothers consumed significant
less energy and fat than men. but the percentage of polyunsaturated fat in their nutrition behavior
was not better than in fathers

Kcal/d |Fat(g)/d |SAFA(g))d |MUFA(g)/d |PUFA(g)/d
Men Mean 2423* 98%* 41%* 35% 15%
N 166 166 166 166 166
SD 513 26 12 10 5
Minimum 1093 26 9 9 4
Median 2370 95 39 34 14
Maximum | 3694 172 80 62 34
Women | Mean 1915 79 35 28 12
N 237 237 237 237 237
SD 384 21 10 8 4
Minimum 717 29 11 10 3
Maximum | 3371 154 73 49 30
Median 1878 71 33 27 11
*P <0.05
Table 4.8 Macronutrients in normotensive and hypertensive adults
N Mean SD
Kcal Normotension 336 2105 499
Kcal Hypertension 67 2219% 538
Fat. % Normotension 336 35 6
Fat. % Hypertension 67 37%* 5
Carbohydrates (%) Normotension 336 47%* 6
Carbohydrates (%) Hypertension 67 44 7
Protein. % Normotension 336 14 2
Protein. % Hypertension 67 15% 2
Alcohol. % Normotension 336 3% 4
Alcohol. % Hypertension 67 4 4
*P <0.05

Only for men the effect from higher alcohol consumption to LDL-C was tested
with an OR of 4.6 (95% CI 1.7-12.8).
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Table 4.9 Comparison between high LTPA and low LTPA for energy in kcal and fats and
carbohydrates in gram/day in year 1 of participation

LTPA Men Women
>2040 METs <2040 METs >2040 METs <2040 METs

Kcal 2418 2424 1867 1970%*
Fat 92 99%* 78 81*
SAFA 38 42% 34 35
MUFA 33 36* 27 28
PUFA 15 15 12 12
Carboh 267 258 210 224%
Monosacch 42% 36 34 38%
Disacc 72 71 65 65
SACCH 59 58 53 55
POLYsacch 141 140 108 116*
FIBER 20 21 18 19
PROT 87 88 65 68*
Plant.PROT 33 33 26 27

20 29

6
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recomm.fat
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Fig. 4.8 Probability of hypertriglyceridemia tested by univariate logistic regression model

Multivariate Relationship Between Adverse Behavior
and CVD Risk Factors

Not only one adverse lifestyle factor does improve or worsen the CVD risk.

Below are demonstrated some examples:

What about elevated TC and the influences of more than 1 adverse behavior fact?
(Table 4.10).
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Table 4.10 Multivariate relationship between adverse behavior and CVD risk factors

Sig OR 95% CI)
Lower level | Upper level

A
TC > 200 mg/dL
High alcohol consumption 0.021 |2.624 |1.16 5.935
Sex® 0.206 |1.386 |0.836 2.298
Age 0919 |1.002 |0.97 1.035
Less LTPA 0.255 |0.700 0.379 1.293
More kcal consumption 0.932 1.028 | 0.55 1.919
Sitting time TV > 2 h/d 0.095 |0.622 |0.356 1.086
Smoking 0.076 |0.532 |0.265 1.068
More than recommended fat consumption | 0.000 | 5.021 | 3.456 7.295
Constant 0.019 |0.19
B Alcohol and fat as influencers
BMI > 25 kg/m?
High alcohol consumption 0.928 |0.941 0.251 3.53
Sex* 0.431 1.376  |0.622 3.043
Age 0985 |1 0.955 1.046
Less LTPA 0.300 |1.549 |0.677 3.546
More kcal consumption 0.986 1.008 |0.389 2.611
Sitting time TV >2 h/d 0.056 |2.102 0.982 4.502
Smoking 0.655 |1.246 0475 3.264
More than recommended fat consumption | 0.000 |2.392 | 1.575 3.634
Constant 0.000 |0.023
C
Low HDL-C
High alcohol consumption 0.010 |0.131 |0.028 0.616
Sex® 0.007 |3.02 1.35 6.755
Age 0.032 0943 |0.893 0.995
Less LTPA 0.895 |1.062 |0.437 2.581
More kcal consumption 0.857 0918 |0.361 2.333
Sitting time TV >2 h/d 0.168 |1.786 |0.782 4.08
Smoking 0.026 |2.798 |1.129 6.932
More than recommended fat consumption | 0.000 | 43.05 | 17.798 104.127
Constant 0.004 | 0.036

Legend: sex® reference value is male
P <0.001
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The most important lifestyle factor for hypercholesterolemia seems to be the
consumption of more than recommended fat per day. This risk could be fivefold
higher than for the adults who do not eat more than recommended by D-A-CH.

Overweight was found 2.4—fold higher for adults with fat rich nutrition compared
with adults who consumed as much fat as recommended.

Decreased HDL-C was threefold higher observed in women compared to men
and threefold higher too for smokers compared to nonsmokers.

The most adverse factor was given for hypertension from elevated WC with the
probability of 4.6 (CI95% 2.3-9.2) followed by elevated WHtR with 3.8 (CI05%
2.1-6.9). WHR with 2.3 (CI 95% 1.3—4.0) and 1.7 (CI 95% 1.0-3.0) for consuming
more fat than recommended by D-A-C-H.

Last not least: Middle-aged women had less CVD RF than men but the effects of
adverse behavior were stronger in women than in men.

Results Over 3 Years

Compared with men the mothers improved their risk significantly more (Table 4.11
and Figs. 4.9, 4.10).

Alcohol Consumption

41% of fathers and 43.9% of mothers did not reduce their alcohol consumption.
Alcohol intake >40/20 g per day in year 3 was only 3% in women and 11.7% in men.
No remarkable relation was observed with other CVD RF (Table 4.12).
Compared to average of smokers in Germany we found in the PEP cohort (median
age 41 y/38 y) less smokers, namely fathers with 20.5% (mothers 11.4%) (Fig. 4.11).
Two years after the start with PEP 3% of the former smoking fathers became
nonsmokers; in between the smoking mothers.

Table 4.11 Bad behavior Men Women
% %
Smoking 20.5 11.4
Less LTPA 27.7 17.3
Kcal > recommended 19.3 16.9
Fat > recommended 59.6 41.4
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Fig. 4.10 Prevalence of CVD RF of 237 women 3 years follow up

Diet

After 2 years with multiple counselling offers the results seem to be sufficient for
the average of the participants as shown in the next 4 figures (Fig. 4.12).
These results demonstrate how successful Lifestyle changing can be.
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Table 4.12 Smoking in

Germany [11] Smoking in Germany

Age Men (%) Women (%)
18-20y 26.1 18.7
2124y 36.2 234
25-29y 31.9 34.1
20-39y 35.0 274
4049y 32.1 28.2
50-59y 30.0 24.8
50-64 y 22.0 19.4

30

%

10 fathers

mothers

3rd year 2nd year 1st year

W mothers M fathers

Fig. 4.11 Development of smoking over 3 years

But 56.0% of the men and 54.4% of the women could not minimize their number
of CVD RE.

For example did the CVD RF depending on the number of their Metabolic Equiva-
lents differed from year to year. We show the distribution of CVD RF correlated with
recommended and not recommended LTPA below (Table 4.13).

The proportion of mothers with sufficient METs or more could enlarge per 6.5%
whereas the proportion of men with sufficient LTPA decreased per 0.4% (Fig. 4.13).

The development of CVD RF for men and women strongly differed between
adverse LTPA behavior and recommended behavior. E.g. the proportion of men with
hypertension and recommended LTPA decreased from 28.8% to 26.0% whereas the
proportion of men with low LTPA increased from 27.4 to 36.5%. For women these
effects were not similar.

Best influences of Physical Activity were observed for all anthropometric factors.
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Fig. 4.12 a-b Changing dietary habits

Comparison of the Dietary Development Over 3 Years in 403
Parents

6% of the fathers and 7.2% of the mothers did not follow the recommendations of
D-A-C-H (regarding kcal corresponding weight (BMI) and age) 0.48.8% of fathers
and 42.6% of mothers could not follow the recommendations for fat consumption. 44
(30.8) % for Saturated Fatty Acids (SAFA) 0.53.6 (50.6) for Monounsaturated Fatty
Acids (MUFA) and 51.5 (46%) for Polyunsaturated Fatty Acids (PUFA). Our purpose
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Table 4.13 Recommended LTPA versus less LTPA than recommended
Men ‘Women

Year 1 |Year2 |Year3 |Yearl |Year2 |Year3
(%) (%) (%) (%) (%) (%)

LTPA recommended

Increased WC & >102 cm. Q 12.9 11.0 15.5 7.7 5.8 8.7
>88 cm

Increased WHtR >0.5 46.2 46.2 423 232 16.8 252
Obesity >30 kg/m? 5.8 8.7 5.8 6.5 7.1 8.4
Overweight >25-<30 kg/m2 39.4 33.7 35.6 219 24.5 21.3

Prehypert SBP >140 mmHg IDBP | 89.4 80.8 82.7 523 41.9 43.9
>90 mmHg

Hypert.: SBP >130mmHg IDBP 28.8 26.0 26.0 84 10.3 8.4
>85 mmHg

Increased TC >200 mg/dL 38.5 48.1 413 36.1 34.8 27.1
Increased TG >150 mg/dL 14.4 16.3 18.3 4.5 5.8 4.5
Increased LDL-C >160 mg/dL 433 48.0 10.6 23.9 34.0 5.8

Increased NonHDL-C >156 mg/dL | 47.1 51.0 47.1 252 26.5 19.4

Decreased HDL-C & <40 mg/dL. Q |15.4 16.3 18.3 174 14.8 14.8
<50 mg/dL

Increased LDL-C/HDL-C >3 28.8 26.0 27.9 7.7 5.8 5.8
Increased FPG >100 mg/dL 36.5 419 433 28.4 33.5 31.6
LTPA less than recommended

Increased WCS" >102 cm. Q 19.5 21.0 194 194 20.7 28.0
>88 cm

Increased WHtR >0.5 47.7 66.1 67.7 37.8 30.5 36.6
Obesity >30 kg/m? 14.5 12.9 11.3 11.0 8.5 9.8
Overweight >25-<30 kg/m2 51.6 53.4 50.0 30.5 354 25.6

Prehypert SBP >140 mmHg IDBP | 87.1 85.5 85.5 46.3 439 439
>90 mmHg

Hypert.: SBP >130mmHgIDBP 27.4 29.0 30.6 8.5 11.0 73
>85 mmHg

Increased TC >200 mg/dL 419 50.0 48.4 30.0 354 31.7
Increased TG >150 mg/dL 21.0 25.8 22.6 6.1 6.1 3.7
Increased LDL-C >160 mg/dL 14.5 12.9 11.9 11.0 11.0 4.9

Increased NonHDL-C >156 mg/dL. | 56.0 53.2 61.3 31.7 20.7 24.4

Decreased HDL-C & <40 mg/dL. Q@ | 40.3 37.1 323 28.0 25.6 232
<50 mg/dL

Increased LDL-C/HDL-C >3 41.9 43.5 41.9 159 12.2 11.0

(continued)
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Table 4.13 (continued)

Men ‘Women

Year 1 |Year2 |Year3 |Yearl |Year2 | Year3
(%) (%) (%) (%) (%) (%)

LTPA recommended
Increased FPG > 100 mg/dL 274 (194 |45 |73 |61 | 24

p > 0.05 same year

70 69.2
68

66 654 65.1

64 . 633 4

62

60

58

year 1 year 2 year 3

m fathers M mothers

Fig. 4.13 Proportion of parents with sufficient LTPA over the years

was to compare the different means for CVD RF of participants with improved
behavior in year 3 compared to year versus worsened behavior (Table 4.14).

The relationship with good and worse behavior influenced the prevalence of
selected anthropometric and blood CVD RF (Table 4.15).

As observed before the prevalence of hypertension in men was higher when LTPA
in year 3 was less than in year 1 and higher when PUFA percentage was less than in
year 1 too. In women except smoking (explained in the results of year 1) all effects
of bad behavior seem stronger for hypertension than in men.

With univariate logistic regression models for all behavior risk factors associations
were calculated between these factors and the anthropometric and blood CVD RF
based on better respectively worse behavior in year 3 compared to year 1 (Table
4.16).
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Table 4.15 Different
prevalence of hypertension
depending on different factors
of lifestyle behavior

Other Remarks:

99

Men Men Women Women

% % % %o

Smoking Non smoking | Smoking Non smoking
26.7 279 9.5 7.9

LTPA LTPA LTPA LTPA
improved worsened improved worsened
26.9 29.3 6.1 12.3

FAT improved | FAT worsened | FAT improved | FAT worsened
55.0 58.0 16.9 22.8

SAFA SAFA SAFA SAFA
improved worsened improved worsened
58.0 54.1 18.1 21.9

MUFA MUFA MUFA MUFA
improved worsened improved worsened
51.1 9.6 19.2 33

PUFA PUFA PUFA PUFA
improved worsened improved worsened
544 60.3 16.4 25.6

p/s improved

p/s worsened

p/s improved

p/s worsened

56.5

56.7

17.5

23.0

Sacch. Sacch. Sacch. Sacch.
improved Worsened improved Worsened
579 54.9 16.4 23.7
Kecal Kecal Kcal Kcal
improved worsened improved worsened
56.4 56.9 17.4 227

60.8% of the adults. Who consumed more kcal in year 3 than in year 1, had 0-3

CVD RE

65.6% of the adults. Whose energy expenditure was less in year 3 than in year 1,

had 0 to 3 CVD RE.

59.3% of the adults. Who consumed more fat than in year 1, had 0 to 3 CVD RFE.
64.5% of the adults. Who consumed less PUFA than in year 1, had 0 to 3 CVD

RFE

About 60% of the participants did not improve their adverse behavior, smokers
were 4% less than in year 1.
About 20% of all with adverse behavior in year 3—nutrition as well as activity—

had no CVD RF at all.

Out of 34 adults belonging to all negative balances only 2 were without any CVD

RFE



100 G.-M. Haas and P. Schwandt

Table 4.16 Associations between behavior factors worse compared to year 1 and anthropometric
and laboratory measured CVD RF

OR Lower level Higher level
Less LTPA
TG > 150 mg/dL 2.0 1.0 3.7
HDL-C < 40/50 mg/dL 1.7 1.0 2.8
TC > 200 mg/dL 1.7 1.1 2.7
NonHDL-C > 156 mg/dL 2.0 1.3 3.1
Overweight 1.8 1.2 2.8
WHIR > 0.5 1.8 1.2 2.8
More fat than recommended
Obesity 22 1.3 3.7
Overweight 1.8 1.2 2.8
Prehypertension 1.6 1.1 24
Smoking year 3
TG > 150 mg/dL 24 1.2 5.0
HDL-C < 40/50 mg/dL 29 1.6 52
LDL/HDL-C <3 2.8 1.6 52

As reported in part 1 middle-aged women had less CVD RF than men. But the
effects of adverse behavior were stronger in women than in men.

Discussion

The observation of this cohort of middle-aged persons demonstrated that there is not
only one lifestyle f