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CHALLENGING ONESELF INTERMITTENTLY TO IMPROVE HEALTH

Mark P. Mattson o Laboratory of Neurosciences, National Institute on Aging
Intramural Research Program, Baltimore, MD. 21224.

0 Humans and their predecessors evolved in environments where they were challenged
intermittently with: 1) food scarcity; 2) the need for aerobic fitness to catch/kill prey
and avoid or repel attackers; and 3) exposure to biological toxins present in foodstuffs.
Accordingly, cells and organ systems acquired and retained molecular signaling and met-
abolic pathways through which the environmental challenges enhanced the functionality
and resilience of the cells and organisms. Within the past 60 years there has been a pre-
cipitous diminution of such challenges in modern societies because of the development
of technologies that provide a continuous supply of energy-dense processed foods and
that largely eliminate the need for physical exertion. As a consequence of the modern
‘couch potato’ lifestyle, signaling pathways that mediate beneficial effects of environmental
challenges on health and disease resistance are disengaged, thereby rendering people vul-
nerable to obesity, diabetes, cardiovascular disease, cancers and neurodegenerative disor-
ders. Reversal of the epidemic of diseases caused by unchallenging lifestyles will require a
society-wide effort to re-introduce intermittent fasting, exercise and consumption of plants
containing hormetic phytochemicals into daily and weekly routines.
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EVOLUTIONARY PERSPECTIVE: THE CHALLENGE OF COMPETITION
FOR LIMITED FOOD SOURCES

In order to survive and reproduce, our ancestor hominids spent most
of their waking hours working to find food, either by ‘grazing’ on plants
or by hunting animals. In many instances, the food supply was very limited
and so there was a survival advantage for those who could tolerate and
adapt to periods of food deprivation. One such adaptation is the metabolic
shift from the use of glycogen stores in liver and muscle cells, to the mobi-
lization of fatty acids in adipose cells and their conversion to ketones, an
alternative cellular energy substrate (Longo and Mattson, 2014). Another
interesting adaptation suggested by studies of animal models, is that cog-
nitive function and stress resistance improve in response to intermittent
fasting (Wan et al.,, 2003; Ahmet et al., 2005; Mattson, 2012a; Marosi and
Mattson, 2014). Similarly, endurance running, such as is required to
chase and kill a deer (Zimmer, 2004), not only strengthens the muscles
and heart, but also improves brain function (Ahlskog et al., 2011; Mattson,
2012b; Voss et al., 2013) (Figure 1). As with lower species of mammals,
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FIGURE 1. Illustration of the simple fundamental concept that optimal health is promoted by inter-
mittent challenges (mild stressors). Cells in the organ, in this case the brain, respond adaptively by
enhancing their ability to function and resist disease.

humans evolved the ability to consume a range of plant species, many
of which contain chemicals that exert noxious effects on cells. Such nat-
ural pesticides/deterrents in plants typically have a bitter taste and, as
described below and elsewhere (Mattson and Cheng, 2006; Hooper et
al., 2010), these phytochemicals activate adaptive cellular stress response
pathways that not only protect cells against the phytochemicals but also
against injury and disease. The remainder of this article will present
examples of signaling and metabolic pathways by which laboratory ani-
mals and human subjects respond to the challenges of food deprivation/
fasting, running, and ingestion of phytochemical ‘toxins’. What follows is
not intended to be a comprehensive review article, but instead provides
brief overviews in which relevant review articles are cited, combined with
specific examples from research in the author’s laboratory.

CHALLENGE 1: INTERMITTENT FOOD RESTRICTION/FASTING

It is not possible to precisely simulate in a laboratory the environment
in which wild animals and our hominid ancestors lived. However, it is
clearly evident that the diets (meal frequency and composition) and activ-
ity level of lab animals are abnormal. In effect, lab animals live a ‘couch
potato’ lifestyle. They eat as much as they like whenever they like, they
eat only processed food, and they get little exercise in their ‘living rooms’
(Martin et al., 2010). Even when consuming only the usual processed food
diet, a simple change in the eating pattern can greatly improve the health
and increase the lifespan of mice and rats. To simulate a more natural
environment, animals can be fed intermittently. Animals that eat only
every other day (alternate day fasting) live up to 30% longer than those
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that eat every day (Goodrick et al., 1983), and exhibit resistance to dia-
betes (Anson et al., 2003; Belkacemi et al., 2010), cancers (Berrigan et al.,
2002; Lee et al., 2012) and neurodegenerative disease (Duan et al., 2003;
Halagappa et al., 2007; Arumugam et al., 2010).

In contrast to daily calorie restriction which typically results in a
reduction in lean mass and fat mass, animals and human subjects on
intermittent fasting (IF) lose fat while retaining lean mass (Anson et
al., 2003; Harvie et al., 2010). During the fasting period, fatty acids are
released from adipose cells and enter the liver where they are converted
to ketone bodies (f-hydroxybutyrate and acetoacetate) which provide a
robust energy source by muscle cells and neurons (Johnson et al., 2007;
Maalouf et al., 2009). Ketone bodies have beneficial effects on cells that
can counteract disease processes. For example, ketones protect neurons
against dysfunction and degeneration in experimental models of epilepsy
(McNally and Hartman, 2012) and Alzheimer’s disease (Kashiwaya et al.,
2013). In addition to being used as an energy source, ketone bodies can
modulate signaling pathways and gene expression by, for example, inhib-
iting certain histone deacetylases (Newman and Verdin, 2014). Fasting
can enhance the ability of cells to remove molecular ‘garbage’ (damaged
proteins and organelles), a process called autophagy, and can potentiate
the effects of endurance exercise on autophagy (Jamart et al., 2013).

A major mechanism by which fasting can protect against tissue injury
and disease is by activating adaptive cellular stress responses by horme-
sis-based processes (Figure 2). For example, IF induces the expression
of protein chaperones (e.g., heatshock protein 70 and glucose-regulat-
ed protein 78) and stimulates autophagy in many cell types (Duan and
Mattson, 1999; Yu and Mattson, 1999; Alirezaei ef al., 2010; Arumugam et
al., 2010; Lee and Notterpek, 2013). The latter actions of IF enhance the
ability of cells to eliminate damaged proteins and organelles such as mito-
chondria. Indeed, autophagy is required for the maintenance of muscle
mass (Masiero et al., 2009), consistent with the preservation of muscle mass
during IF (Harvie et al., 2010). IF decreases levels of circulating leptin and
increases levels of adiponectin, changes associated with improved energy
metabolism and cardioprotection (Wan et al., 2010; Hui et al., 2012). IF
can also increase neurotrophic factor signaling in brain cells, which may
contribute to its abilities to enhance hippocampal neurogenesis (Lee
et al., 2002) and protect neurons against oxidative and metabolic stress
in animal models of Parkinson’s disease (Duan and Mattson, 1999),
Huntington’s disease (Duan et al., 2003), Alzheimer’s disease (Halagappa
et al., 2007) and stroke (Yu and Mattson, 1999; Arumugam et al., 2010).

There is considerable evidence from the historical record, self-re-
ports, interviews and case studies that IF improves health and can coun-
teract disease processes. Numerous books have been written on the
topic including one more than a century ago by Sinclair (1911) and very

602



Intermittent Challenges that Improve Health

Energy Restriction

Fasting
Running Hormetic
= Mild Cellular Stress 4~ ppiochemicals
(Energy, Calcium, ROS)

TF activation

ADAPTIVE
RESPONSES

Chaperones
UCPs
Mn-SOD
Trophic factors
APE1
PGC-1a

v

Reduced Oxidative Stress

Improved Cellular Energy Metabolism
Reduced Inflammation

Reduced DNA Damage

Resistance to Disease

FIGURE 2. Mechanisms by which the intermittent challenges of running, intermittent fasting and
ingestion of hormetic phytochemicals may protect cells against injury and disease. This example
focuses on the brain. See text and the following references for further information: Mattson and
Cheng, 2006; Stranahan and Mattson, 2012; Mattson, 2012a; Longo and Mattson, 2014.

recently by Mosley and Spencer (2013) and Harvie and Howell (2013).
In a case series study, patients with different types of cancer experienced
fewer side effects of chemotherapy when fasting (Safdie et al., 2009). In a
case study of a patient with glioblastoma multiforme, a rapidly progress-
ing and almost always fatal brain cancer, fasting and a ketogenic diet
resulted in an apparent complete arrest of tumor growth (Zuccoli et al.,
2010). Importantly, recent controlled trials in human subjects support the
evidence in animals that IF can promote optimal health and counteract
disease processes. In a study of asthma patients, an alternate day energy
restriction/fasting diet resulted in improvement of symptoms, reduced
airway resistance, and reduced inflammation and oxidative stress during a
2-month diet period (Johnson et al., 2007). A similar alternate day fasting
diet resulted in improvements in measures of cardiovascular risk in obese
subjects (Varady et al, 2009). In two studies, women at risk for breast
cancer based on family history and their being obese were maintained
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for 6 months on either a daily calorie restriction diet (25% reduction in
calories) or a diet on which they ate regular size meals 5 days per week
and on the other two days ate only 500-600 calories (‘5:2 diet’). Women
in both groups lost a similar amount of weight, but those on the 5:2 diet
lost more abdominal fat and exhibited a greater improvement of insulin
sensitivity compared to those on daily calorie restriction (Harvie et al.,
2011; Harvie et al., 2013).

CHALLENGE 2: RUNNING

As a result of several key structural and physiological adaptations,
humans are extraordinary endurance runners. During evolution humans
acquired: 1) an upright bipedal posture with changes in the musculo-
skeletal system that increased running efficiency; 2) reduced body hair,
a large skin surface area and abundant sweat glands to enhance body
cooling; and 3) a brain with a remarkable capacity to establish a pace con-
ducive to the expected running distance (Bramble and Lieberman, 2004;
Mattson, 2012b). There is a vast literature concerning the physiological
and psychological effects of running that includes human studies that
compare non-runners to runners, elite runners to ‘joggers’, and changes
in individuals prior to and during a running program. There is also a
large literature from randomized controlled trials of wheel or treadmill
running in rats and mice. Of course, running is not the only type of exer-
cise that improves health. However, because most of the data regarding
the cellular and molecular mechanisms by which exercise affects various
organ systems is from studies of rodents, which do not ride bicycles or
workout on elliptical or rowing machines, the focus of the following dis-
cussion is on running.

Running is a challenge, imposing a heavy metabolic load on skeletal
muscles and the cardiovascular system, and milder stress on other tissues.
Cells throughout the body and brain respond adaptively to running, bol-
stering their ability to withstand injury and disease. Highly reproducible
robust improvements in metabolic and cardiovascular profiles occur in
response to regular endurance running in human subjects. These include
increased insulin sensitivity, reduced levels of triglycerides and cholester-
ol, reduced blood pressure and resting heart rate, increased heart rate
variability, and reduced levels of pro-inflammatory cytokines (for a recent
review see Rowe et al., 2014). Endurance exercise increases the number of
mitochondria in skeletal muscle, liver and brain cells (Little et al., 2011),
which presumably increases their energy production capacity. In muscle
cells, exercise-induced mitochondrial biogenesis is triggered by calcium
influx, reactive oxygen species and activation of AMP-activated protein
kinase (AMPK) which induce the expression of the transcriptional regu-
lator peroxisome proliferator receptor gamma coactivator la (PGC-1a.).
PGC-la induces the expression of genes encoding proteins involved in
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mitochondrial growth and division (Diaz and Moraes, 2008; Wenz, 2013).
Exercise also stimulates autophagy and expression of the anti-apoptotic
protein Bcl2 which, interestingly, are changes tightly linked to improved
glucose metabolism (He et al., 2012).

Running has profound beneficial effects on the brain in animal
models. It induces the expression of brain-derived neurotrophic factor
(BDNF) which activates receptors in neurons and neural stem cells. BDNF
plays critical roles in learning and memory (Gomez-Pinilla and Hillman,
2013), and may mediate the improved cognitive function that is observed
in runners compared to non-runner rats and mice (Marosi and Mattson,
2014). The mechanisms by which running ‘strengthens’ synapses involves
binding of BDNF to a receptor called TrkB resulting in the activation of
the kinases Akt and ERK (extracellular signal regulated kinase), and the
downstream transcription factors cyclic AMP response element binding
protein (CREB) and NF-kB (Kuipers and Bramham, 2006; Gavalda et al.,
2009; Chen et al., 2012). The hippocampus, a brain region critical for
learning and memory, contains stem cells that can divide and can differ-
entiate into new neurons or glial cells. Exercise increases the proliferation
of stem cells and the formation of new neurons that can integrate into
the existing neuronal circuits by forming synapses with other neurons
(Vivar et al., 2013). BDNF promotes the differentiation of new neurons
from stem cells and enhances their survival and formation of synapses
with other neurons (Cheng et al,, 2003; Cheng et al., 2012). Numerous
studies have shown that BDNF can protect neurons against degenera-
tion and death in experimental models relevant to the pathogenesis of
Alzheimer’s, Parkinson’s and Huntington’s diseases (Duan et al., 2003;
Zuccato and Cattaneo, 2009; Intlekofer and Cotman, 2013). Exercise
and BDNF signaling bolster the stress resistance of neurons in multiple
ways including by enhancing DNA repair (Yang et al., 2014), stimulating
mitochondrial biogenesis (Cheng et al., 2012), inducing the expression
of ‘anti-apoptotic’ proteins such as Bcl-2 and BclxL (Allsopp et al., 1995;
Chao et al., 2011), and upregulating expression of antioxidant enzymes
(Mattson et al., 1995; Marosi et al., 2012). Even in aged mice, running can
upregulate the expression of genes involved in synaptic plasticity and cel-
lular bioenergetics, while downregulating genes associated with oxidative
stress (Stranahan et al., 2010).

In addition to its beneficial effects on the musculoskeletal, cardiovas-
cular and nervous systems, intermittent exercise, including running, can
modify the activation states of immune cells in ways that enhance health.
A well-established example is in patients with chronic inflammatory dis-
orders such as arthritis and multiple sclerosis; exercise improves their
mobility, lessens their pain and improves their mood (Motl and Pilutti,
2012; Tierney et al., 2012). Data from studies of rats suggest that running
wheel exercise can enhance innate immune function by modulating the
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expression of cytokines and chemokines in white adipose cells (Speaker
et al., 2013). The function of the adaptive immune system can also be
enhanced by endurance running, as indicated by increased levels of nat-
ural killer cells (Nieman et al., 1995). More direct evidence that exercise
can improve immune function comes from studies in which the primary
antibody and T cell responses to foreign antigens were measured in sed-
entary and physically active subjects. In one study, young and old men
who either exercised regularly or were sedentary were first immunized
with keyhole-limpet hemocyanin (KLH) intramuscularly, and then three
weeks later were given an intradermal injection of KLH to induce a hyper-
sensitivity response (Smith et al., 2004). Older subjects exhibited reduced
anti-KLH immunoglobulin responses. However, the immunoglobulin
responses, and delayed hypersensitivity response, of older subjects who
exercised were greater than sedentary old subjects. In a related study
previously sedentary subjects were divided into an aerobic exercise group
and a stretching control group, and 8 months later the subjects were
challenged with KLH (Grant et al., 2008). The authors found that subjects
in the aerobic exercise group exhibited significantly greater IgGl and
IgM antibody responses compared to the subjects in the control group.
Collectively, the data suggest that regular exercise can bolster immune
responses in ways that may protect against infectious agents.

It should be noted, however, that as with any factor that improves
health by inducing adaptive stress responses, excessive exercise can be
detrimental to health. This is most obvious from the perspective of over-
use injuries to the musculoskeletal system, but is also well-established for
the immune system (Haaland et al., 2008). For example, marathon and
ultra-distance running increases susceptibility to upper respiratory tract
infections (Nieman et al., 2003). This biphasic response of the immune
system to exercise provides another good example of hormesis (Radak et
al., 2008).

Finally, it is well-established that chronic uncontrollable stress, such
as psychosocial stress and sleep deprivation, can increase the risk of many
different disorders including cardiovascular disease, gastrointestinal
disorders, anxiety disorders and depression (Charney and Manji, 2004;
Everson-Rose and Lewis ., 2005). Studies of animal models have demon-
strated robust beneficial effects of exercise in counteracting pathogenic
processes underlying the adverse effects of chronic stress on the brain
and immune system (Fleshner, 2005; Greenwood and Fleshner, 2008).
For example, voluntary wheel running prevented the anxiety/fear-like
behaviors, and associated increases in activation of serotonergic neurons
in the raphe nucleus caused by uncontrollable tail shock in sedentary rats
(Greenwood et al., 2003). Rats that ran on running wheels for six weeks
exhibited resistance to the reduction in social exploration that otherwise
occurs in non-runners; and this resistance to chronic stress persisted
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for more than 2 weeks after removal of running wheels from the cages
(Greenwood et al., 2012). With regards to suppression of immune func-
tion by chronic uncontrollable stress, it was shown that running prevented
the reduction in immune response to KLH otherwise caused by uncon-
trollable tail shock in rats (Moraska and Fleshner 2001). Thus, intermit-
tent challenges such as aerobic exercise can increase the resistance of
many different organ systems to chronic stress.

CHALLENGE 3: NOXIOUS DIETARY PHYTOCHEMICALS

There is no doubt that some of the chemicals present in the vegeta-
bles, fruits and other plant materials that we consume function as toxins
in those plants; they are natural pesticides/biopesticides (Koul, 2005;
Mattson and Cheng, 2006). Because herbivores and omnivores evolved
consuming diets that contain such chemicals, they have developed two
general mechanisms to prevent those phytochemicals from damaging
them. One mechanism involves rapid metabolism/detoxification of the
phytochemicals by cytochrome p450 and ‘phase 2’ enzymes, and urinary
excretion (Shapiro et al., 2006; Wu et al., 2013). The second mechanism
involves activation of adaptive cellular stress response pathways by the
phytochemicals. The stress response pathways include those resulting
in the activation of the transcription factors nuclear regulatory factor 2
(Nrf2), hypoxia inducible factor 1o (HIF-1a) and nuclear factor kB (NF-
kB) and peroxisome proliferator activated receptors (PPARs) (Mattson
and Meffert, 2006; Copple et al., 2010; Majmundar et al., 2010; Yessoufou
and Wahli, 2010). Activation of the latter pathways results in increased
production of a range of proteins including: antioxidant enzymes such
as NAD (P)H quinone oxidoreductase (NQOL), superoxide dismutase 2,
heme oxygenase 1 (HO-1) and glutathione peroxidase; erythropoietin
and adiponectin; and the cell survival proteins Bcl-2 and Bcl-xL (Sen,
2006; Joshi and Johnson, 2012; Ong and Hausenloy, 2012). In addition,
activation of PPARs can suppress inflammation by inhibiting the produc-
tion of proinflammatory cytokines and cell adhesion molecules (Gervois
and Mansouri, 2012).

There are several hormetic phytochemicals that have been intensively
studied to elucidate the mechanisms by which they improve health and
protect against disease. Sulforaphane (from broccoli and other crucifer-
ous vegetables), curcumin (the curry spice from turmeric root), resvera-
trol (from red grapes and certain types of nuts) and epicatechins (present
in high amounts in green tea and dark chocolate) are four prominent
examples (for review see Calabrese et al., 2010; Bhardwaj and Khanna,
2013; Kensler et al, 2013; Nehlig et al, 2013; Witkin and Li, 2013).
Sulforaphane activates Nrf2 resulting in the up-regulation of NQOI,
HO-1 and phase 2 enzymes. This adaptive stress response can protect
cells against dysfunction and degeneration in experimental models; for
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example, sulforaphane protects neurons and cardiac myocytes in models
of stroke and myocardial infarction, respectively (Zhao et al., 2006; Piao et
al., 2010). Sulforaphane is also beneficial in animal models of Parkinson’s
disease (Morroni et al., 2013). Other noxious phytochemicals have been
identified that activate Nrf2 and are neuroprotective, with plumbagin
being one example (Son et al,, 2010). Similarly, the phytochemical Nrf2
activator naphthazarin reduced damage to dopaminergic neurons and
improved functional outcome in a mouse model of Parkinson’s disease
(Choi et al., 2012). Curcumin can protect synapses and neurons against
dysfunction and degeneration in experimental models relevant to the
pathogenesis of Alzheimer’s disease (Zhang et al., 2010; Ahmed et al.,
2011), Parkinson’s disease (Liu et al., 2011), retinal degeneration (Mandal
et al., 2009) and neuroinflammation (Kawamoto et al.,, 2013). The bene-
ficial effects of curcumin in these models involves activation of Nrf2 and
differential modulation of NF«B activity in neurons and glial cells (Kang
et al., 2004; Kawamoto et al., 2013). A remarkable array of disease process-
es may be ameliorated by curcumin acting to reduce inflammation and
induce adaptive cellular stress responses including diabetes, cardiovascu-
lar disease, arthritis irritable bowel disease and gastric inflammation (for
review see Gupta el al., 2013).

The flavonoids resveratrol and epicatechin are also emerging as
phytochemicals that can improve health by hormesis-based mechanisms.
Resveratrol can activate several cellular stress response pathways including
those involving AMPK, Akt and the histone deacetylase Sirtl (Mattson,
2008; Sun et al., 2010; Turan et al., 2012). Recent findings indicate that res-
veratrol inhibits a cyclic AMP phosphodiesterase resulting in an increase
in intracellular cyclic AMP and calcium release from the endoplasmic
reticulum and that, as a result, NAD+ levels increase and Sirtl is activated
(Park et al, 2012). Selective inhibitors of the same phosphodiesterase
with the drug rolipram mimics metabolic benefits of resveratrol by pro-
tecting mice against diet-induced obesity and diabetes (Park et al., 2012).
Epicatchins have been found to have broad neuroprotective actions
against oxidative and metabolic stress in experimental models relevant
to the pathogenesis of stroke, Alzheimer’s and Parkinson’s diseases, and
HIV dementia (Sutherland et al., 2006; Lin et al., 2009; Schroeder et al.,
2009; Nath et al., 2012). Studies of cultured neural cells suggest that the
underlying mechanisms involve activation of the PI3 kinase — Akt path-
ways and stimulation of BDNF production (Jang et al., 2010; Nath et al.,
2012). Epicatechins may also reduce the risk of cardiovascular disease by
lowering levels of pro-atherosclerotic lipids and reducing blood pressure
(Moore et al., 2009; Ellam and Williamson, 2013).

One interesting aspect of the health-promoting actions of some phyto-
chemicals is that, while they can protect normal cells against various types
of stress, they can also inhibit the growth of, and even kill, tumor cells.
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Sulforaphane and curcumin have been widely reported to have anti-can-
cer actions. In multiple types of cancers sulforaphane can cause cell cycle
arrest and cell death, and may also suppress tumor growth by inhibiting
angiogenesis resulting in reduced blood supply to the tumor (for review
see Juge et al., 2007). Cultured colon cancer cells can be killed by sulfora-
phane by a mechanism involving production of the pro-apoptotic protein
Bax (Gamet-Payrastre, 2000). In prostate cancer cells sulforaphane can
cause glutathione depletion which triggers mitochondrial membrane
depolarization, release of cytochrome c and activation of caspases (Singh
et al, 2005). The reason that, at a given concentration, sulforaphane
can Kkill cancer cells but not normal cells is poorly understood but may
involve inhibition of histone deacetylases in the cancer cells (Clarke et
al., 2011) and differential effects on mitogen-activated protein kinases in
normal and cancer cells (Zeng et al., 2011). The anti-cancer effects of cur-
cumin may involve mechanisms that overlap with those of sulforaphane.
Curcumin can trigger apoptosis of cancer cells by inhibiting anti-apoptot-
ic pathways and activating pro-apoptotic pathways (for review see Reuter
et al., 2008).

CAN SOCIETY EMBRACE THE REALITIES OF THE HORMESIS-BASED
REQUIREMENTS FOR OPTIMAL HEALTH AND DISEASE PREVENTION?

Intermittent fasting, regular exercise and consumption of dietary
phytochemicals can have a major positive impact on health by bolster-
ing adaptive cellular stress response pathways that protect against and
counteract a range of major diseases. Why then are these pillars of health
crumbling in many industrialized countries? Unfortunately, the United
States has been the major source of the epidemics of obesity, diabetes and
associated chronic diseases (cardiovascular disease, stroke, cancers, neu-
rodegenerative disorders and others). Compared to all other countries,
the US spends more money on health care and yet has poorer outcomes
(US Burden of Disease Collaborators, 2013). Most of the poor outcomes
are the result of “anhormesis”, a lack of hormesis resulting from unchal-
lenging diets and lifestyles. Among the US States, and within large cities,
there is a strong association of diet and lifestyle (and socioeconomic
status) with the incidence of obesity, diabetes, cardiovascular disease and
stroke. Technological advances have greatly reduced the need for exer-
cise in the workplace, as well as the need to walk or ride a bicycle to work.
Thus, in addition to having continuous access to high energy density
processed foods, the US population is largely sedentary. The southeastern
states (e.g., Louisiana, Mississippi and Georgia) and inner cities have the
highest disease burdens (Liao et al., 2009; Barker et al., 2011). Why should
those with less income be more likely to be obese and diabetic? If they ate
less food, their health would improve and they would have more money
to spend on other things. While this is a complex issue, it is certainly the
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case that the processed food industry has played a major role in supplying
our populace with relatively low cost high energy density, phytochemical
poor foods. Moreover, most such foods are addictive in that they are for-
mulated to be highly palatable and often contain high amounts of simple
carbohydrates (e.g., fructose) that stimulate appetite. Contributing to the
pervasiveness of poor quality addictive foods has been large-scale agricul-
ture which produces large amounts of corn, wheat and soybeans which
are used to make corn syrup, refined flour and hydrogenated oils that
have proven to be detrimental to health (Fields, 2004).

Another factor that has likely contributed to low numbers of people
who are on restricted energy/intermittent fasting diets that include large
amounts of fruits and vegetables is, ironically, the pharmaceutical and
health care industries. During the past century there were several major
advances in medicine that reduced early deaths; these included antibiot-
ics, vaccinations, and life-extending treatments for cardiovascular disease
and some cancers. Many among the US populace have come to believe
that if they develop a disease there will be a drug they can take to reverse
the disease process. Unfortunately for them and the overall health of our
nation, this is not true. In fact, deaths from cancers, cardiovascular dis-
ease and complications of diabetes remain high. Moreover, while lives of
many in their 50s and 60s can be prolonged by aggressive drug treatment
or surgery, those who survive are likely to develop Alzheimer’s disease,
Parkinson’s disease or suffer a stroke, three devastating conditions for
which there are no disease-modifying treatments (Figure 3).

While largely unintentional, medical education and practice have
changed during the past 50 years in ways that have led to a hastening of
drug and surgical interventions in individuals who would benefit more
from prescriptions (and rigorous counseling) for dietary modifications
and exercise. Medical school curricula place little or no emphasis on
diet and exercise; instead, the focus is on specific diseases and the drugs
or surgical treatments for those diseases. Specialization of physicians has
become so focused that the underlying causes of many diseases go largely
unaddressed. Cardiologists, oncologists, gastroenterologists, pulmonolo-
gists and even orthopedists ‘fix’ (albeit often only transiently incomplete-
ly) diseases fostered by sedentary gluttonous lifestyles. The need for early
intervention with prescriptions for dietary restriction/intermittent fasting
and exercise is urgent. In this modern information age it should be and,
indeed is, possible for health care providers to give patients choices for
intermittent fasting and exercise routines from which they can choose
those that best fit their daily and weekly routines. For example, a patient
who is overweight and insulin resistant should be told that unless they fol-
low the doctor’s prescription they will develop diabetes and will be likely
to die from a heart attack or stroke at an early age. The patient would then
give the patient a choice of two weekly intermittent fasting-based diets: 1)
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FIGURE 3. Age and sex structure of the U. S. population in the years 2010, 2030 and 2050. Because
of advances in the early diagnosis and treatment of diabetes, cardiovascular disease and some cancers,
many individuals who would have previously died when they were 40-60 years old are living into their
70s and 80s. However, those who live into their 70s and 80s are at high risk for stroke, Alzheimer’s
and Parkinson’s disease. Unfortunately, there are no effective treatments for stroke, Alzheimer’s and
Parkinson’s diseases. Source: Vincent and Velkoff, 2010.

two days each week they eat only one meal and the other five days they
eat normally; or 2) Five days each week they do not eat between the hours
of 6 PM and 10 AM. Whichever diet the patient chooses, someone in the
physician’s office staff would keep in close contact with the patient via text
messaging and/or social media to monitor the patient’s progress and to
be a ‘cheerleader’ to help the patient adjust to their new eating pattern.
Based upon recent findings (Harvie et al., 2011, 2013), a high percentage
of patients will be able to adapt to the healthier eating pattern and may
incorporate it into their lifestyle long-term as they experience better over-
all health.

Finally, parents should be better educated as to healthy diet and exer-
cise patterns, and why hormesis/adaptive responses are responsible for
the beneficial effects of exercise, intermittent fasting, and consumption
of fruits and vegetables. Importantly, myths surrounding diet and exercise
should be dispelled. It was not too long ago that it was a common belief
that someone with heart disease should not exercise because ‘it puts too
much stress on the heart’. However, that myth was ‘busted’ by highly
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reproducible evidence that exercise increases the survival of patients with
heart disease. One example of an ongoing myth that is refuted by scien-
tific studies is the notion that eating numerous small meals is healthier
than skipping meals. In fact, short fasts of 16-24 hours activate adaptive
stress responses that protect against disease, whereas eating three or more
meals per day prevents activation of the adaptive responses. Another myth
is that ingestion of antioxidant vitamins can substitute for the consump-
tion of fruits and vegetables. Recent placebo-controlled trials of vitamins
in human subjects refute the latter myth and, in fact, emerging findings
suggest that the chemicals in fruits and vegetables that are good for health
actually act by inducing adaptive stress responses (see preceding section).
Children’s behaviors, including eating patterns and exercise, are learned
and reinforced by their parents. Until parents are well informed regard-
ing what they and their children should do to optimize their health, and
until they understand the consequences of their not doing so, it will be
difficult to implement hormesis-based lifestyles on a large-scale basis.
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