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ABSTRACT The current pandemic of physical inactivity threatens both
physical and cognitive health throughout the lifespan. This monograph
describes the multidisciplinary study of aspects of childhood health and its
relationship to cognitive and brain function, and scholastic performance.
Specifically, we focus on physical activity and physical fitness along with
nutrition and obesity; interconnected aspects of health that have declined
over the past 30 years in children of industrialized nations. Although much
emphasis has been placed on correcting physical aspects of these public
health concerns, it is only more recently that attention has been paid to the
relation between physical health and cognitive health among school age
children. The monograph begins with an overview of current behavioral
trends that compete with physical activity engagement and contribute to the
failure to achieve the public health recommendations for physical activity
among children in theUnited States. Following the epidemiological overview,
the relation of childhood fitness to brain structure and function is examined
among children with varying fitness levels. The observed dissimilarities
between higher- and lower-fit children are discussed within the context of
typical brain development. To broaden the scope of research presented
herein, the relation of nutrient intake—among both undernourished and
well-nourished children—and obesity on cognition and brain are discussed.
Next, novel empirical data are presented from a correlational study that
indicates a differential relation between childhood fitness and adiposity on
various aspects of cognition. In an effort to provide a more comprehensive
review, a later chapter is dedicated to describing a small body of literature
investigating the relation of physical activity to special populations of
children, including those with learning disorders. In doing so, practical
applications as well as challenges and limitations of implementing physical
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activity into the lives of children with learning disabilities are described. Finally,
a detailed review and historical analysis of the relation of physical activity to
scholastic performance is provided. This translational chapter provides an
important application of the laboratory findings to a real world setting in which
children rely upon attention, memory, and learning for scholastic success.
Accordingly, this monograph is directed toward timely and important public
health issues related to chronic disease prevention as a function of childhood
inactivity and obesity with the goal of linking health behaviors to cognitive and
brain health, and scholastic performance.

There is a pandemic of physical inactivity among today’s human beings.
Physical inactivity has rapidly accelerated over the last century, with recent
reports forecasting that, over the next fewdecades, inactivity will continue to rise
throughoutmuchof the industrializedworld (Ng&Popkin, 2012). Such a trend
may be partially a result of our own ingenuity, having engineered physical
activity out of many activities (including work, transportation, and play) in our
daily lives (Vaynman & Gomez-Pinilla, 2006). For hundreds of years the human
genome was selective to environmental pressures due to inconsistent access to
food leading to periods of starvation, and a lifestyle that necessitated frequent
bouts of physical activity (Booth & Lees, 2006). That is, physical activity was
required as a function of the environmental pressures that humans faced, and
our genome adapted to meet the metabolic demands necessary to support
regular physical activity. By comparison, today, humans are far less active thanwe
once were, despite the fact that we have inherited a genome that evolved to
support a chronically active lifestyle. The typical lifestyle experienced today,
whichhas obviatedphysical activity fromourdaily lives, has resulted inmetabolic
dysregulation leading to disorders that accompany a sedentary existence (e.g.,
obesity, type 2 diabetes, metabolic disorders; Booth & Lees, 2006).

Inactive lifestyles have been found to be detrimental to the health and
well-being of children as well (Chapter 2), with contemporary estimates
indicating that the current generation of youth will likely live shorter and less
healthy lives than their parents for the first time in U.S. history (Fontaine,
Redden, Wang, Westfall, & Allison, 2003; Olshansky et al., 2005). United
States (U.S.) schools, which reach approximately 55.5 million children
between 5 and 17 years of age (Frumkin, 2006), have contributed to the
declining health of youth through the implementation of policies aimed at
minimizing or replacing physical activity opportunities from the school day in
an effort to increase academic performance (IOM, 2013). Unfortunately,
such policies have been enacted despite an absence of empirical support. On
the contrary, a growing body of empirical findings demonstrates that a greater
amount of physical activity is positively related to scholastic performance
(Chapter 7). More recently, findings have gone beyond simply illustrating
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that time spent in physical activity does not come at a cost to academic goals.
Rather, growing evidence suggests that physically active children outperform
their less active peers in the classroom, providing a thread between physical
activity and cognitive and brain health (see Hillman, Erickson, &
Kramer, 2008 for review), and suggesting that we do not need to sacrifice
children’s physical health to achieve academic goals (Sallis, 2010).

Based on recent discoveries, efforts have been directed toward
understanding the mechanisms (Chapters 3 and 4) that support the relation
of physical activity to scholastic achievement with the goal of elucidating
factors that relate to the increased cognitive health and effective function
across the human lifespan. The burgeoning field of epigenetics offers
interesting insight into the effects of environmental substrates such as physical
activity on cognitive and brain development. Although an individual’s genetic
makeup provides the backdrop for growth and maturation, it is experience
that shapes much of the brain’s development. Thus, brain development is the
product of an interaction between an individual’s genotype and environmen-
tal experience, beginning in early life and continuing throughout the lifespan.

During typical development, experience shapes the pruning process (i.e.,
a regulatory process by which changes in brain structure occur through a
reduction in the number of neurons and synapses to promote greater
efficiency of neural function) resulting in the strengthening of neural
networks that support relevant thoughts and actions and the elimination of
unnecessary or redundant connections (Shonkoff & Phillips, 2000;
Taylor, 2006). Greenough and coworkers (Black & Greenough, 1986;
Greenough & Black, 1992) differentiate experience-expectant from experience-
dependent influences upon brain development. Experience-expectant influ-
ences are those that are typical to a species, and are required for typical
nervous system organization (e.g., the visual cortex requires subjection to
light and patterned visual information for normal development; Shonkoff
& Phillips, 2000). Experience-dependent influences refer to nontypical
environments that engender neural growth and/or the sculpting of neural
networks to support idiosyncratic experience. In this manner, experience-
dependent processes shape an individual’s adaptations to the environment at
the neural, and ultimately, the behavioral level. Accordingly, the brain
responds to experiences in an adaptive manner, resulting in the efficient and
effective adoption of thoughts and actions relevant to their unique
interactions within their environments.

Examples of neural adaptation in response to idiosyncratic experiences
have been demonstrated through neuroimaging studies of vocation (Maguire
et al., 2000; Maguire, Woollett, & Spiers, 2006), music (Chan, Ho, &
Cheung, 1998; Elbert, Pantev, Wienbruch, Rockstroh, & Taub, 1995; Münte,
Kohlmetz, Nager, & Altenmüller, 2001), and sport (e.g., Hatfield &
Hillman, 2001), which are all activities that are characterized by consistent
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and repeated participation in order to acquire considerable prowess. Thus, it
is reasonable to consider that consistent and repeated exposure to physically
active environments or healthy patterns of nutrient intake may trigger similar
experience-dependent processes that shape an individual’s brain develop-
ment, and ultimately, their thoughts and actions. In fact, anthropologists have
posited that human evolution was shaped during our formative years as
hunters (Bortz, 1985); a lifestyle that required considerable physical activity
due to prolonged and pertinacious pursuit of prey in hot climates
(Fialkowski, 1986). As a product of this environment, it has been speculated
that human beings became specialized for (among other behaviors)
endurance physical activity (Carrier, 1984), with concomitant physiological
adaptations facilitating our enlarged brains (Bortz, 1985; Fialkowski, 1986).
Accordingly, brain and body evolved in concert to support the demands of a
lifestyle dependent upon strenuous amounts of physical activity.

Over the last two decades, a wealth of empirical data from nonhuman
animal models and a variety of neuroimaging tools to applied measures of
scholastic performance in the educational environment have suggested a
significant relationship between markers for health behaviors (i.e., physical
activity, aerobic fitness, body composition), cognition, and brain structure
and function. This monograph was assembled to describe the current state of
knowledge on the relationship of physical activity to cognitive and brain
health during development. In constructing this monograph, literature is
reviewed that describes the impact of physical activity (or physical fitness) on
brain structure and function (Chapters 3 and 5), but body composition and
nutrition (Chapters 4 and 5) are also touched upon due to their shared
metabolic mechanisms with physical activity. Beyond sharing simply a
metabolic relationship with physical activity, nutrition (Chapter 4) and
body composition (Chapters 4 and 5) also appear to have independent
relations with cognition, and brain structure and function. However, these
literatures have only recently emerged (with the noted exception of clinical
nutritional deficiencies), and thus their inclusion in the monograph is
cautionary. In addition, multiple levels of analysis, from structural and
functional neuroimaging tools (Chapters 3 and 5) to behavior (Chapters 2–6)
and scholastic achievement (Chapter 7) are described to provide a
foundation for the relation of physical activity to brain health and deliver
practical, real-world evidence supporting the link between a healthy body and
a healthy mind. Further, empirical data are provided (Chapter 5), which for
the first time, demonstrates an independent relation between excess
adiposity, aerobic fitness, and various aspects of cognition in preadolescent
children. Such findings demonstrate the complexity of studying multiple
health factors on brain and cognition, but provide a much-needed basis for
understanding the relation of both ends of the metabolic spectrum with
cognitive and brain health.
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Overall, this monograph is directed toward timely and important public
health issues related to chronic disease prevention as a function of childhood
inactivity and overweight and obesity. The chapters appearing here link these
pervasive societal issues with brain health and cognition, and have implications
for the educational environment and the context of learning. The overarching
goal of this program of research is to provide an empirical basis for improving
the physical health of individuals during their developmental years in order to
maximize brain health and learning, which in turn stands to improve cognitive
health and effective function across the lifespan.
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