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This text has emphasized the body’s adaptive mechanisms that attempt to maintain
homeostasis in response to physical and psychosocial stressors (see Chap. 2 for a
detailed explanation). However, as we have noted, intense stress can deplete and
weaken the body, including, for example, the SNS response to inhibit digestion. As
Whitney, Hamilton, and Rolfes (1990) note, “Much of the disability imposed by
prolonged stress is nutritional” (p. 13). The purpose of this chapter is to briefly
review how some of the basics of nutrition are involved in the stress response,
including fatty acids, antioxidants, and serotonin, and will conclude with an intro-
duction of future directions for dietary intervention.

It has been suggested that the mental health of entire nations may be linked to
diet, and that the deleterious effects of excessive caloric intake in wealthy countries
rivals those from malnutrition in poor ones (Gémez-Pinilla, 2008). The importance
of nutrition is apparent when examining the impact of specific foods or diets on
disease. For example, the Mediterranean diet, characterized by breads, pastas,
legumes, vegetables, fruits, olive oil, ocean fish, and the moderate consumption of
red wine, has been associated with lower incidence of Alzheimer’s disease and
Parkinson’s disease (Sofi, Cesari, Abbate, Gensini, & Casini, 2008). Similarly, it has
been suggested that a lower incidence of Alzheimer’s disease in India may be attrib-
uted to the antioxidant-rich curcumin, a medicinal herb found in curry (Frautschy
etal., 2001).

Nutrients and Energy

Nutrients are diverse and complex substances that provide energy for body functions
such as growth, metabolism, respiration, and circulation. The type of nutrients and
their proportion to others we consume appears to be nearly as important as having
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enough food. When responding to stress, our bodies rely on the energy-yielding
macronutrients of carbohydrates, proteins, and fats (Charrondiere, Chevassus-
Agnes, Marroni, & Burlingame, 2004). Alcohol is the only other source of energy
in the diet, but unlike the other macronutrients it is not needed for survival. Both
carbohydrates and proteins contain 4 calories per gram, whereas alcohol contains 7
calories per gram, and fat contains 9 calories per gram. To maintain health and regu-
late weight, energy expenditure should match energy (caloric) intake, or should
exceed it to reduce weight (Institute of Medicine [IOM], 2005).

Carbohydrates

It is recommended that 45—-65% of the human diet consist of carbohydrates (United
States Department of Agriculture; (USDA), 2010). Carbohydrates, the body’s main
source of energy, exist in substantial amounts in grains, potatoes, fruits, and milk,
and in lesser concentration in vegetables and legumes. There are two general types
of carbohydrates: simple and complex. Simple carbohydrates or sugars
(monosaccharides and disaccharides) come from fruits and vegetables (e.g., glu-
cose, fructose, maltose, and sucrose) and from milk or milk products (lactose and
galactose). Simple carbohydrates are especially concentrated in sweeteners such as
table sugar, confectioner’s sugar, brown sugar, honey, and molasses. Complex
carbohydrates, which are mainly starches, include oligosaccharides and
polysaccharides and are found in grains such as rice, wheat, rye, barley, and oats.
Another important source of starch is legumes such as peanuts, beans, peas, and
soybeans. Potatoes, yams, and cassava, a tropical American plant with a starchy
root from which tapioca is derived, are other sources of starches. Complex
carbohydrates are metabolized more slowly than simple carbohydrates and serve as
our major source of vitamins (except B12) and minerals.

Fiber is the indigestible portion of complex carbohydrates (Greenberg, Dintiman, &
Myers-Oakes, 1998). Although it is not considered a nutrient because it is not used in
metabolism, fiber facilitates digestion and elimination, and certain viscous fibers may
delay the movement of food from the stomach to the intestine, creating a sensation of
fullness. Fiber can also impact the absorption of fat and cholesterol (IOM, 2005;
USDA, 2010). Increased intake of dietary fiber has been associated with a decreased
risk for heart disease, stroke, diabetes, hypertension, obesity, hemorrhoids, acid reflux,
constipation, and other gastrointestinal conditions (Anderson et al., 2009).

Dietary sugar intake has been a source of considerable debate for years. Despite
popular opinion that sugar is related to hyperactivity in children, a meta-analysis of
23 studies indicated that sugar intake does not affect behavior or cognitive perfor-
mance (Wolraich, Wilson, & White, 1995). A more recent review of a decade of
evidence suggests that high-quality studies do not reveal a positive correlation
between sugar intake and body mass index (BMI), and no consistent evidence links
sugar consumption with attention deficit/hyperactivity disorder (ADHD), dementia,
or depression (Ruxton, Gardner, & McNulty, 2010).
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Proteins

The USDA (2010) recommends that 10-35% of the human diet consist of proteins.
Proteins, which are used to rebuild, repair, and replace the body’s cells, are found in
meats, poultry, fish, dairy products, nuts, and legumes, and in smaller amounts in
starchy foods and vegetables. Proteins are necessary for tissue growth, retaining
lean muscle, generating hormones and enzymes, immune functions, and also as a
source of energy in the absence of carbohydrates. Amino acids are the building
blocks of proteins. Isoleucine, leucine, lysine, methionine, phenylalanine, threo-
nine, tryptophan, valine, and histidine are considered essential dietary amino acids
because the body cannot synthesize them. Recently, other amino acids such as
tyrosine have been classified as indispensable under certain conditions (IOM, 2005;
USDA, 2010). Serotonin, which is formed from the essential amino acid trypto-
phan, will be reviewed later.

Fats

Despite continuing to receive considerable, albeit understandable, “bad press” in cur-
rent dieting literature, it is recommended that 20-35% of the human diet consist of
fats (USDA, 2010). The body’s fat (adipose) cells contain large stores of triglycerides
that meet ongoing energy needs. When we are resting, our muscles expend little
energy; therefore, it is not necessary to produce adenosine triphosphate (ATP) rapidly.
Instead, the body’s oxygen system, which uses carbohydrates, fats, and proteins as
energy sources, provides required ATP for the resting physiological processes
(Williams, 2007). More specifically, carbohydrates and fats combine with oxygen in
the cells to provide major sources of energy during rest (Williams, 2007). In fact, in a
normal diet fat supplies about 60% of the body’s resting energy requirement
(Eschelman, 1996; Groff, Gropper, & Hunt, 1995). However, during periods of poten-
tial food deprivation, such as those occurring during prolonged stress, fat stores are
likely to contribute an even higher percentage of energy needs (Whitney & Rolfes,
2011). Red meats, whole milk, cheeses, peanut butter, ice cream, butter, bacon, avoca-
dos, chocolate, and nuts are examples of foods containing an appreciable quantity of
fat. Although fat provides the body with a concentrated source of energy, unused fat
from the food we eat is also easily converted to body fat, or adipose tissue, which has
an essentially unrestricted storage capacity (Whitney & Rolfes, 2011). Consider, for
example, that “the energy liberated from each gram of carbohydrate as it is oxidized
to carbon dioxide and water is 4.1 Calories... and that liberated from fat is 9.3
Calories” (Hall, 2011, p. 843). Therefore, it is worth noting that even though fat may
be helpful during periods of prolonged stress, a small amount of fat in the body typi-
cally goes a long way, particularly during periods of low stress or limited energy
expenditure.

Fat is necessary for growth, cushioning of the organs, maintenance of cell mem-
branes, and the absorption of carotenoids and the fat-soluble vitamins A, D, E, and
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K. Saturated fat, monounsaturated fat, and cholesterol (a fat steroid) are adequately
synthesized by the body and thus unnecessary in the diet. Saturated fat and trans fat,
an unsaturated fat with an E-isomer, have been associated with heart disease.
Polyunsaturated fats are essential fats that our body needs yet cannot produce.
Examples of polyunsaturated fats include omega-6 and omega-3, which play a
crucial role in brain function and normal growth and development. Therefore,
despite the popular view that consumption of fat should be minimized, recent
research suggests that the type of fat consumed is nearly as important as the amount
in affecting the body’s functions (IOM, 2005; USDA, 2010). Excessive fat intake is
a well-known health risk, but fat deficiencies are also associated with poor out-
comes including the dysregulation of chronobiological activity and cognitive func-
tion (Yehuda, Rabinovitz, & Mostofsky, 1997). We will now explore the relation
between fatty acids and stress.

Fatty Acids and Stress

As noted, essential fatty acids (EFA) must be provided by diet, and are involved in
many vital processes including energy production, air-to-blood oxygen transfer, hemo-
globin manufacturing, and the transmission of nerve impulses. There are two types of
EFAs. The omega-6 EFAs consist of linoleic and arachidonic acids, and the omega-3
EFAs consist of linolenic, eicosapentanoic, and docosahexaneoic acids (Wertz, 2009;
Yehuda, Rabinovitz, & Mostofsky, 2006). Vegetables, vegetable oils, and ocean fish
are important sources of EFAs, whereas wild fresh water fish are not. Simopoulos
(2006) suggested that, based on a study of diets in early humans, the ratio of omega-6
to omega-3 EFAs for optimal functioning would be 1:1. The ratio in the current Western
diet is as high as 20:1, and Simopoulos credits this imbalance to pathologies such as
cardiovascular disease, cancer, depression, and autoimmune diseases.

Simopoulos (2001) compared consumers of the Mediterranean diet in France
and Greece to examine the effects of the EFA ratio variants. The EFA ratio in the
Greeks was 1:1, while it was 6:1 for the French. The difference in EFAs was
accounted for by the Greek diet which consists mostly of ocean fish, as compared to
the French diet where they eat more fresh water fish, higher vegetable consumption
in Greece, and differences in methods of egg production. It is notable in this study
that the Greeks exhibit lower rates of disease and higher life expectancy. The bal-
ance of EFAs appears important, but it is also important to avoid excessive EFA
consumption as it is associated with health risks such as degenerative diseases, car-
diovascular disease, cancer, and diabetes (Yehuda et al., 2006).

Omega-3 diet supplementation has been suggested as a treatment for many disor-
ders associated with the EFA imbalance. Of particular relevance are studies noted by
Yehuda et al. (2006) that reported EFA supplementation resulting in improved car-
diac response to stress (Rosetti, Seiler, DeLuca, Laposata, & Zurier, 1997), and other
studies noting that EFAs can decrease the stress response (Hamazaki et al., 1999;
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Sawazaki, Hamazaki, Yazawa, & Kobyashi, 1999). Benefits of supplementation
have been reported for many groups including individuals following heart attack
(GISSI Prevensione Investigators, 1999), those diagnosed with bipolar disorder
(Stoll et al., 1999), elderly depression (Tajalizadekhoob et al., 2011), and animal
models of Parkinson’s disease (Bousquet et al., 2011). Moreover, omega-3 supple-
mentation has been associated with a decrease in cognitive deficits in children with
developmental disorders (Richardson & Montgomery, 2005). However, other studies
in individuals with bipolar disorder (Keck et al., 2006), Alzheimer’s disease (Boston,
Bennett, Horrobin, & Bennett, 2004), and ADHD (Hirayama, Hamazaki, & Terasawa,
2004; Voigt et al., 2001) reported no effect. In a recent systematic review of the role
of fatty acids in health and disease, Riediger, Othman, Suh, and Moghadasian (2009)
concluded that the beneficial effects of omega-3s have been demonstrated to the
degree that their consumption should be increased.

Energy Sources and Stress

Previously, we addressed the percentage of fat used as an energy source within the
body. However, an additional consideration is the energy potential or energy value
of food itself. According to Eschelman (1996), in a typical American diet, “the
energy value of food is 48% from carbohydrate, 35% from fat, and 14% to 18%
from protein” (p. 123). Particularly relevant for the purposes of this chapter are that
under low or mildly stressful conditions, the body gives preference to carbohydrates
first and then fats as an energy source. In fact, carbohydrates and fats are often
referred to as “protein sparers.” However, during periods of severe, excessive stress,
when hunger may be suppressed and digestion may be inefficient, the body may
begin to consume protein stores rapidly for energy, often at six to seven times the
typical rate, once carbohydrates and fats have been depleted. When this process
occurs, dietary protein, along with lean muscle tissue throughout the body (includ-
ing major organs such as the heart), is converted to glucose to supply energy for the
nervous system. Obviously, if this process, known as ketosis, occurs for prolonged
periods, then it may seriously jeopardize health.

Therefore, if you are able to eat during a period of stress, do so, of course. You
may discover, however, that it is prudent to limit your caloric intake per meal,
although you may try to eat more frequently. Also, the body, which conserves fluids
during stress, will excrete what it does not need. Therefore, drink fluids, especially
water (our most essential nutrient), which will enable your kidneys to help reestab-
lish homeostasis. Although we do not obtain energy directly from water, vitamins,
such as A, B, C, D, E, and K, which are organic chemicals, or minerals, such as
calcium, iron, phosphorous, potassium, zinc, copper, iodine, magnesium, and
fluoride, which are inorganic substances, “provide important components for the
metabolic processes that produce the energy required for growth, development, and
all life functions” (Brehm, 1998, p. 186). In converting nutrients to energy, vitamins
may also produce hormones and break down waste products and toxins. It is also
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worth noting that the best way to obtain necessary vitamins and minerals is from the
diet, not from supplements.

It also is important to note that when excessive stress begins to subside and
homeostasis is being reestablished, we should take the opportunity to replenish our-
selves with a healthy balance of foods and exercise (see Chap. 15) to restore both
lean and fat tissue. Also, it may be helpful during times of recuperation to recognize
the difference between hunger and appetite. When we are physically hungry, our
bodies crave the nutrients found in the calories, vitamins, and minerals of food.
Appetite, which is often described as “psychological hunger,” is associated with a
desire for specific foods. Fortunately, for most of us, the episodes of sustained,
intense, debilitating, stress described earlier occur infrequently. Instead, we are gen-
erally accustomed to coping with recurrent episodes of mild to moderate psychoso-
cial stressors on a regular basis.

As most of us are aware, mild to moderate and sometimes even high psychoso-
cial stressors can trigger appetites. When this occurs, we may crave and then
consume energy dense, sweet and starchy foods, as both our stress level and coping
abilities dictate when and how much food we eat (Macht, 1996; Torres & Nowson,
2007). Polivy and Herman (1999) suggest that people disguise their life-related
distress by overeating in order to associate their stress with binge eating rather than
with the more uncontrollable areas of their lives. When we overeat, we blame our-
selves for being weak and lacking self-control, but research suggests that overeating
is not necessarily an issue of willpower. According to Wurtman and Suffes (1997),
the hunger we experience when under notable levels of psychosocial stressors is
biologically rooted, and this is why our cravings generally do not subside until sated
and intensify when denied.

Macht (1996) discusses the possible relation between stress and the consumption
of low-energy foods heavy in fat, salt, and sugar. He concludes that a person’s emo-
tional stress level heightens when he or she eats food that provide little energy, and
this increase in anxiety can then lead to an increase in his or her desire to eat. Low-
energy foods such as cheese, potato chips, and cookies are generally deficient in the
natural chemicals that moderate stress, whereas a diet that includes high-energy
foods such as cereals, beans, raw vegetables, and fruit is helpful in mitigating the
stress and cravings we experience.

Serotonin and Stress

Stress and serotonin levels are thought to play an integral role in mood disorders
(Maes & Meltzer, 1995), but the direct impact of diet on mood is difficult to
quantify because so many complex systems are involved. Serotonin is a mono-
amine neurotransmitter that is found in carbohydrates and involved in the regula-
tion of mood, sleep, and appetite. Increased serotonin activity in the brain
improves the body’s ability to cope with acute stress (Anisman & Zacharko,
1992; Chaouloff, Berton, & Mormede, 1999). However, chronic exposure to
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stress may lead to the continuous increase of serotonin activity resulting in an
overloaded system and serotonin deficiency. Thus, one’s vulnerability and reac-
tion to stressors are important factors in determining serotonin activity (Markus
et al., 1998, 2000).

When serotonin levels are low, the brain sends signals to notify the body that
serotonin is needed, and this is when we have an impulse to eat. When the food we
eat, particularly carbohydrates, are digested, insulin is secreted from the pancreas
into the bloodstream, which delivers glucose to the cells to be used as an energy
source. Because serotonin from carbohydrates is not activated until about 30 min
after digestion, we may tend to overeat because we generally consume food quickly
and do not stop until we feel full. If our bodies lack adequate amounts of serotonin,
then the food cravings we experience are intense. We may then binge on fatty, salty
and sweet food until we feel comfortable. A diet that includes carbohydrates with
every meal should maintain our serotonin levels, decreasing impulses to eat
unhealthy food (see Wurtman & Suffes, 1997, for additional details).

A diet rich in carbohydrates and low in proteins increases the brain’s uptake of
the large neutral amino acid (LNAA) tryptophan, the precursor to serotonin.
Carbohydrates do not contain tryptophan, but they elevate glucose levels causing
insulin secretion, which modifies the ratio of tryptophan to other LNAAs. Insulin
has little impact on tryptophan levels, but it significantly decreases the level of other
LNAAs such as valine, tyrosine, and leucine (Tadeka et al., 2004). Though proteins
contain tryptophan, a diet high in proteins and low in carbohydrates decreases tryp-
tophan availability because proteins possess higher levels of the other amino acids
that are competing for access across the blood-brain barrier.

Increasing the uptake of carbohydrates may increase the ratio of tryptophan to
other LNAAs by as much as 25%, but the effects on altering mood and coping are
limited (Markus, Panhuysen, Jonkman, & Bachman, 1999). However, supplement-
ing food with alpha-lactalbumin (ALAC), a whey-derived protein with high levels
of tryptophan, has been shown to increase the plasma concentration of tryptophan
(measured as a ratio of tryptophan to the sum of other neutral amino acids) by
50-130% and has been related to improved brain serotonin function, mood, and
concentration (Booij, Merens, Markus, & Van der Does, 2006; Markus et al., 2000,
2005). More recently, the administration of hydrolyzed protein has yielded greater
increases in plasma concentration of tryptophan and longer-lasting effects on
improved mood when compared to the administration of alpha-lactalbumin and
pure tryptophan in healthy participants (Markus, Firk, Gerhardt, Klock, &
Smolders, 2008).

Though it has been established that tryptophan availability increases serotonin
and that serotonin is involved in adaptation to stress, the mechanisms by which this
occurs remains poorly understood. According to Soh and Walter (2011), there is
little evidence to suggest that diet modification can elevate mood as is frequently
reported in the popular media. For example, studies in humans often measure tryp-
tophan levels in blood plasma which does not translate to a corresponding level in
the brain. There remains great potential to find further dietary implications for sero-
tonin activity and coping, and we await further research.
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Antioxidants and Stress

Antioxidants, which play a prominent role in maintaining physiological well-being,
are another group of neurochemicals associated with diet and stress, and continue to
be popular as supplements. Substances that act as antioxidants defend our bodies
from an imbalance in the production of free radicals, which are capable of damag-
ing cells and genetic material. Free radicals, which come in various sizes, shapes
and chemical configurations, occur from many sources. The body produces free
radicals as a byproduct of active aerobic metabolism (turning food into energy), but
they are also in the food we eat, the air we breathe, and result from exposure to
sunlight (Harvard School of Public Health, (n.d.), http://www.hsph.harvard.edu/
nutritionsource/what-should-you-eat/antioxidants/). For the purpose of this chapter,
since all cells in the human body use O, to break down the energy sources of carbo-
hydrates, fats, and proteins, free radicals are formed when O, molecules lose an
electron during this metabolic process. The free radicals, technically O, molecules
now with a missing electron, will then attempt to stabilize themselves by indis-
creetly stealing, or scavenging, an electron from any nearby molecule, whether the
molecule is a protein, fat, or another chemical, such as nucleic acids. Unfortunately,
free radicals may attach to and subsequently damage these chemicals in their stabi-
lization quest.

An excess of free radicals, along with its damaging effects, has been referred to
as oxidative stress (Sies, 1993), and is enhanced with aging (Knight, 2000). To
defend against free radicals and to repair the damage caused by them, the body’s
cells produce antioxidants, which “donate” electrons to free radicals without turn-
ing into free radicals, or electron scavengers, themselves (Lobo, Patil, Phatak, &
Chandra, 2010). This in essence may delay or halt the oxidation of other substances.
There are likely thousands of substances that can act as antioxidants, but the most
familiar ones are vitamin E, vitamin C, selenium, beta-carotene, lycopene, and other
carotenoids (Valko et al., 2007).

The use of antioxidants as a means to counter the deleterious effects of free
radicals or oxidative stress flourished in the 1990s, when data began to accumulate
about the association among free radical damage and degenerative diseases (Harvard
School of Public Health, n. d.). Some researchers noted that activation of the sym-
pathetic nervous system increases the number of free radicals and is associated with
contributing to heart failure (Belch, Bridges, Scott, & Chopra, 1991; McMurray,
Chopra, Abdullah, Smith, & Dargie, 1993). Other studies have suggested the
involvement of free radicals in other degenerative diseases, such as cancer,
Alzheimer’s disease, cognitive impairment, cataracts, and macular degeneration
(Asian & Ozben, 2004; Meyer & Sekundo, 2005; Ryan-Harshman & Aldoori, 2005;
Valko, Izakovic, Mazur, Rhodes, & Telser, 2004). Moreover, psychiatric illnesses,
including autism, dementia, and schizophrenia, as well as anxiety, mood, sleeping
and eating disorders have been associated with oxidative stress (Tsaluchidu, Cocchi,
Tonello, & Puri, 2008).
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In response to these, and other similar findings regarding the effects of oxidative
stress, there has been a tremendous push in the past 15 years to increase the con-
sumption of foods rich in antioxidants, and to assess their health benefits empiri-
cally. The rationale behind this surge is that if free radicals are contributing to
chronic degenerative diseases, then substances with antioxidant properties should
ameliorate the problem. More than 250 selected foods were evaluated for their
Oxygen Radical Absorbance Capacity (ORAC), a measure of antioxidant success,
and results revealed that fruits such as blueberries, acai berries, apples, plums, cran-
berries, and raspberries, vegetables such artichokes, spinach, broccoli and sweet
potatoes, beans such as kidney and pinto, nuts such as pecans, walnuts, pistachios,
hazelnuts, and almonds, herbs such as cinnamon, oregano, cloves, and ginger, bev-
erages such as green tea, red wine, coffee and fruit juices (e.g., pomegranate), and
finally dark chocolate for dessert, are among the best sources of antioxidants (Bliss,
2007; Hensrud, 2009).

In 2000, the Food and Nutrition Board of the Institute of Medicine provided
recommendations for antioxidant intake for healthy people. The recommended
Daily Allowance (RDA) for vitamin E was 15 mg/day, for vitamin C it was 90 mg/
day for adult men and 75 mg/day for adult women, with a recommended additional
35 mg/day for cigarette smokers because smoking increases oxidative stress and
metabolic turnover of vitamin C, for selenium it was 55 pg/day, and for beta-carotene
it was 3—6 mg/day. As part of its 2010 dietary guidelines, the USDA recommends
that the average American eat approximately 4-5 cups of produce per day (2.5
cups of vegetables and 2 cups of fruit), or more simply, for every meal or eating
occasion, make sure half of your plate contains fruits and vegetables. Obviously,
many of the fruits and vegetables chosen are likely to have antioxidant properties.
This rationale of fruit and vegetable consumption at every meal seems particularly
prudent since the more antioxidants one has circulating in the body, the more free
radicals are debilitated. Moreover, since the life cycle of most antioxidants in the
diet is relatively brief (http://www.organic-center.org), replenishing them every
4-6 h provides the more continual effects (Breakstone, n.d.). However, antioxi-
dants at higher concentrations may adversely impact lipids, proteins, and DNA
(Valko et al., 2007).

In addition to the antioxidants found in natural food sources, there is a $500 mil-
lion dollar and growing antioxidant supplement industry (Harvard School of Public
Health) that has proliferated in response to the touted benefits of antioxidants. In
fact, a 2009 study assessing the use of antioxidant supplements reported that they
accounted for 54% of vitamin C, 64% of vitamin E, 14% of carotenes, 11% of sele-
nium, and 2% of flavonoid use for US adults (Chun et al., 2009). Despite these rela-
tively high percentages for vitamins C and E, the use of antioxidant supplements
may not be as effective as food in providing your body with maximum antioxidant
benefits. Unlike supplements that often contain a single or maybe several types of
antioxidants, foods contain thousands of types of antioxidants, and it may be this
combination of substances in foods that interact with our body’s cellular and genetic
constituencies to produce a more-noted effect (Hensrud, 2009).
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The benefits of antioxidants, whether in dietary or supplement form, have
garnered almost panacea-like impact in the media and in consumer products for
promoting health or preventing disease. Despite these rather lofty claims, the cur-
rent empirical evidence suggests that the mechanisms of antioxidant action are rea-
sonably complex, and randomized controlled trials offer little support that taking
antioxidants provides substantial protection against chronic conditions such as heart
disease or cancer (Cook et al., 2007; Hennekens et al., 1996; Lee et al., 2005; Lonn
et al., 2005).

Success in the treatment of neurological disorders through the administration
of antioxidants has been demonstrated in animal models, but not in humans,
possibly due to human research being mostly observational. Moreover, studies
often examine the association of reduced incidence of disease to consumption of
foods rich in antioxidants, but fail to demonstrate that it is the antioxidants that are
actually responsible for lowered risk (Krauss et al., 2000). It has been suggested
that there is a need to more clearly define antioxidants for research purposes
because many substances exhibit antioxidant qualities in vitro, but fail to do so
in vivo (Kamat et al., 2008).

The current evidence in support of taking antioxidant supplements is less prom-
ising than its use in dietary form. A Cochrane Review, consisting of a comprehen-
sive meta-analytic review of 67 randomized clinical trials of more than 230,000
participants assessing antioxidant supplements (beta-carotene, vitamin A, vitamin
C, vitamin E and selenium) versus placebo concluded overall that the antioxidant
supplements had no significant effect on mortality or on primary or secondary pre-
vention and that beta-carotene, vitamin E and vitamin A are potentially harmful
(Bjelakovic, Nikolova, Gluud, Simonetti, & Gluud, 2008). Although many experts
have questioned the Cochrane Review’s findings, an updated review of 78 random-
ized trials of close to 300,000 participants once again reached similar conclusions
(Bjelakovic, Nikolova, Gluud, Simonetti, & Gluud, 2012). In light of the current
inability to confirm direct links between antioxidants, stress, and ensuing patholo-
gies, future intervention trials are needed to determine further the putative mecha-
nisms involved and the recommended dietary intakes and benefits or adverse effects
of supplemental intakes.

Stress and Appetite

By the turn of this century in America, one-third of adults and one-sixth of children
and adolescents were obese (Baskin, Ard, Franklin, & Allison, 2005). Obesity,
defined as meeting or exceeding a body mass index (BMI) of 30 (National Institutes
of Health, 2011), has been associated with daily stressors including job strain
(Brunner, Chandola, & Marmot, 2007) and lower socioeconomic status (Kanjilal
et al., 2006). From a neurochemical perspective, corticotrophin-releasing hormone
has an appetite-suppressing effect during acute stress, whereas the residual cortisol
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following stress has an appetite-stimulating effect. In addition, disturbances in
HPA-axis functioning have been related to visceral fat accumulation (Rutters,
Nieuwenhuizen, Lemmens, Born, & Westerterp-Plantenga, 2010), and cortisol
levels have been associated with eating disorders (Lawson et al., 2011).

Stress in daily living has been associated with a preference for high calorie foods
(Zellner et al., 2006). In fact, Rutters, Nieuwenhuizen, Lemmens, Born and
Westerterp-Plantenga (2008) studied the effects of psychological stress on food
intake and food preference in normal and overweight men and women, and reported
that stress conditions were associated with food intake even in the absence of hun-
ger and with a preference for sweet fatty foods. In a review of 22 studies, Adams,
Minogue, and Lucock (2010) concluded that mental health problems are associated
with poor dietary practices, including frequent consumption of saturated fat and
refined sugar, and lower consumption of omega-3.

Caffeinated Energy Drinks

The USA leads the world in the total volume sales of energy drinks, with world-
wide consumption of these beverages reaching 906 million gallons in 2006 (Reissig,
Strain, & Griffiths, 2009). Self-reports indicate that energy drinks are consumed by
30-50% of adolescents and young adults (Seifert, Schachter, Hershorin & Lipshultz,
2011), and in a sample of college students, those who used energy drinks reported
they consumed them for insufficient sleep (67%) to increase energy (65%) and to
use in conjunction with alcohol (54%) (Malinauskas, Aeby, Overton, Carpenter-
Aeby, & Barber-Heidal, 2007). Although energy drinks contain natural products
such as ginseng, taruine, and guarana, their quantity is typically well below what
would be expected to produce either therapeutic benefits or adverse effects
(Clauson, Shields, McQueen, & Persad, 2008). Caffeine, on the other hand, is the
primary active ingredient in energy drinks, and while its content in a six ounce cup
of coffee typically ranges between 77 and 150 mg, caffeinated energy drinks can
reach 505 mg (Griffiths, Juliano, & Chausmer, 2003). Caffeine, which is a central
nervous system stimulant, is considered safe in healthy adults at intake levels of
less than 400 mg/day (Cannon, Cooke & McCarthy, 2001; Seifert et al.). Potential
performance-enhancing effects of energy drink consumption have been suggested
such as their beneficial use when given to sleepy drivers (Horne & Reyner, 2001)
or their significant effects on task performance and self-rated mood (Smit &
Rogers, 2002).

However, the frequently higher levels of caffeine intake in energy drinks may
result in caffeine intoxication, which is recognized as a clinical disorder in both the
Diagnostic and Statistical Manual of Mental Disorders (American Psychiatric
Association, 2004) and the International Classification of Diseases (World Health
Organization, 2008). Symptoms of caffeine intoxication include insomnia, anxiety,
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headache, tachycardia, psychomotor agitation, gastrointestinal irritation, increased
blood pressure tremors, diabetes, mood disturbance, behavioral disorder, and in rare
cases death (Clauson et al., 2008; O’Brien, McCoy, Rhodes, Wagoner, & Wolfson,
2008; Rogers, 2007; Scholey & Kennedy, 2004; Seifert et al., 2011; Whelton et al.,
2002). These numerous adverse effects have in part led Seifert and her colleagues
(2011) to conclude that, “energy drinks have no therapeutic benefit” (p. 522). Despite
Seifert and colleagues claim, the consumer market for and use of energy drinks does
not appear to be diminishing anytime soon. Therefore, it seems that additional con-
trolled studies are needed to further assess the use and effects of energy drinks.

Future Directions

In a recent article in the American Psychologist, Walsh (2011) suggested that health
professionals have significantly underestimated the importance of nutrition and
other lifestyle factors for mental health as well as the potential therapeutic benefits
of proper nutrition in the treatment of psychopathology. He addressed the efficacy
of various therapeutic lifestyle changes including diet modification, and included an
evolutionary perspective. For example, he noted that just as ADHD may be a result
of modern children developing in environments far different than those of our ances-
tors (Bjorklund & Pelligrini, 2002), the shift to a diet radically different than our
ancestors likely contributes to many current pathologies. Moreover, some studies
suggest that the impact of diet on mental health can be epigenetically transmitted
across generations (Gémez-Pinilla, 2008).

Another of the recent trends in the past decade has been the surge of organic
foods. In fact, organic food sales in the USA were 26.7 billion in 2010 (Organic
Trade Association’s 2011 Organic Industry Survey). Organic foods are grown and
produced without the use of synthetic pesticides, artificial fertilizers, genetic
engineering or ionizing radiation (used to kill bacteria), and the USDA has estab-
lished requirements that all foods labeled as organic meet stringent government
standards (Health & Nutrition, 2006). The absence of pesticides and fertilizers is
thought to provide higher nutritional value than conventional food, and there are
some data linking the use of pesticides with increasing the stress response and
producing oxidative stress in bacterial cells and fish (Miller, Rasmussen, Palace,
& Hontela, 2009; Ozcan Oruc & Usta, 2007; Pham, Min, & Gu, 2004). However,
a critical review of the literature on the safety of organic foods concluded that
there are currently limited empirical data “to support or refute claims that organic
food is safer and thus, healthier, than conventional food, or vice versa” (Magkos,
Arvaniti, & Zampelsa, 2006, p. 47). Regardless, organic foods are infused in our
mainstream culture and their popularity continues to grow dramatically. Additional
longitudinal research will be helpful in determining their safety, and if they do,
indeed, possess superior nutritional composition compared to conventional food
production.
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There also has been a recent increase in the production of designer foods, which
have been commonly referred to in the literature as nutraceuticals or functional
foods. Neutraceutical has been defined as any food, part of a food, supplement,
genetically engineered food or diet that provides health benefits (DeFelice, 1992).
Tadeka et al. (2004) described a functional food as having a tertiary function beyond
nutritional necessities for survival and sensory satisfaction. Specifically, they
described some tertiary functions as biorhythm regulation, immune and body
defense, and as contributions to psychological life components. Many of these
nutraceuticals or functional foods, such as omega-3 or antioxidant supplements
were discussed in this chapter. As stated earlier, direct effects of supplemental inter-
ventions have not been reliably demonstrated.

One of the most promising fields of study to address these difficulties is that of
nutrigenomics. Nutrigenomics is the study of the effects of nutrition at the genetic
level (Ardekani & Jabbari, 2009). More specifically, it is the study of how nutrition
influences homeostasis, and attempts to identify genes that are associated with risk
of nutrition-related pathology. It is thought that with new developments in the
genome map that optimal diets can be identified and individualized.

The potential for nutrigenomics is apparent in recent studies. For example,
Bakker et al. (2010) demonstrated the modulation of inflammation, oxidative stress,
and metabolism in overweight subjects utilizing an analysis of gene expression,
proteins, and metabolites following the supplementation of diet with products
including vitamin C and omega-3s. Sun, Morris, and Zemel (2008) utilized nutrig-
enomic methods to demonstrate that calcitrol regulates fat cell gene expression and
cortisol production in fat cells, and that dietary calcium intake inhibits visceral fatty
tissue gene expression. In studies of mice and humans, they identified a calcitrol/
cortisol interaction in obesity suggesting that there is potential for dietary interven-
tions to reduce fatty tissue through calcitrol suppression.

Conclusion

The nutrients we consume, their proportion to other nutrients, and genetic predis-
positions influence how our body copes with stress. Many nutrients have been
identified as particularly relevant to the regulatory systems of the stress response.
These include antioxidants which exist in high levels in many plant-based foods,
tryptophan which synthesizes into serotonin, and essential fatty acids such as
omega-3s. Because our systems and pathways of metabolizing these nutrients are
interactive and complex, as well as methodological challenging when conducting
human research, it has been difficult to identify causal links of nutrients to specific
pathologies. However, the associations between nutrition and physical and mental
health are convincing. Pescovegetarian diets, such as the Mediterranean diet, are
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frequently associated with better health outcomes and are recommended throughout
the literature. The recent research advances in the developing field of nutrigenom-
ics shows promise in identifying effective dietary interventions.

Summary

This chapter presents a brief overview of how diet and nutrition are associated with
the human stress response. The main points are:

1. Many health outcomes including physical and psychological pathologies have
been associated with diet.

2. According to the USDA (2010), it is recommended that 45—-65% of the human
diet consists of carbohydrates, 10-35% consists of proteins, and 20-35% con-
sists of fats. Our bodies rely on these energy sources when responding to stress.

3. Of the two general types of carbohydrates, simple and complex, simple carbo-
hydrates (monosaccharides and disaccharides), or sugars come primarily from
fruits, vegetables, and milk (or milk products), and are found in many different
sweeteners (e.g., table sugar, honey, molasses). Complex carbohydrates (poly-
saccharides) are found in grains (e.g., rice, wheat, rye, barley, and oats), legumes
(e.g., peanuts, peas, beans), and potatoes.

4. Proteins, composed of amino acids, are used to repair, rebuild, and replace cells.
Eggs, milk, beef, fish, and soybeans are foods high in protein.

5. Fat provides the body with a concentrated energy source that may be especially
relevant during periods of intense stress. Red meats, whole milk, cheeses, butter,
bacon, chocolate, and nuts provide a large quantity of fat.

6. Excessive and deficient fat consumption are both associated with health risk.
Omega-6 and omega-3 are two types of essential fatty acids, and an even con-
sumption has been suggested for optimal functioning. Western diets significantly
favor omega-6 EFAs, and this imbalance facilitates disease. Omega-3s are
found in vegetables, vegetable oils, and saltwater fish.

7. During periods of excessive stress, the body, which usually conserves protein as
its energy source, may begin to consume protein stores rapidly when carbohy-
drates and fats are depleted.

8. Serotonin influences sleep, mood, and appetite. Tryptophan, the precursor to
serotonin, is found in proteins among many other large neutral amino acids.
Though carbohydrates do not contain tryptophan, a diet rich in carbohydrates
and low in protein enhances tryptophan uptake in the brain by modifying the
ratio of tryptophan to competing amino acids.

9. Oxidative stress is the imbalance of the oxidant—antioxidant ratio in favor of the
oxidants, or free radicals. Antioxidants inhibit or delay oxidation. Oxidative
stress has been associated with many physical and mental disorders, and, even
though the data are equivocal, there has been a proliferation in the use of dietary
antioxidants and supplement antioxidants to try and mitigate the impact of
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oxidative stress. Appetite is an important trigger during psychosocial stressors.
Stress has been associated with eating in the absence of hunger and a preference
for sweet, calorie-dense foods.

10. Nutrition has been associated with pathology known to have a stress compo-
nent, but direct causal links among nutrients and disease have not been conclu-
sively demonstrated.

11. Caffeinated energy drinks have been associated to date with adverse effects
including tachycardia, anxiety, seizures, mood disturbance, and tremors, and
more controlled studies are needed to further assess these claims.

12. The surge in organic food consumption in the USA is expected to continue, and
more empirical efficacy studies should be conducted.

13. Nutrigenomics holds promise to identify and individualize optimum diets in
light of one’s genetic predisposition to disease. In the meantime, a pescovege-
tarian diet such as the Mediterranean diet has been consistently associated with
positive health outcomes.
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