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We reviewed studies that examine the relationship of energy consumption, storage, and expenditure to cognition and scholastic performance.
Specifically, the literature base on nutrient intake, body mass, and physical activity is described relative to cognitive development and academic
achievement. The review of literature regarding the overconsumption of energy and excess body mass suggests poorer academic achievement

during development and greater decay of brain structure and function accompanied by increased cognitive aging during older adulthood. The

review of literature regarding energy expenditure through the adoption of increased physical activity participation suggests increased cognitive

health and function. Although this area of study is in its infancy, the preliminary data are promising and matched with the declining physical
health of industrialized nations; this area of science could provide insight aimed at improving brain health and cognitive function across the

human lifespan. Adv. Nutr. 2: 2015-206S, 2011.

Introduction

Since the early 1970s, BMI has been on the rise in chil-
dren and adolescents across every demographic in the Uni-
ted States (1). According to the NHANES (2), the percentage
of overweight and obese elementary age children has risen
from 6.5 to 17% between 1971-1974 and 2003-2004. Fur-
ther, the percentage of obese teens has also risen from 5 to
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17.6% during the same timeframe (2). This increasing pub-
lic health concern transcends all socioeconomic levels (1);
however, certain minority groups have demonstrated greater
risk for becoming overweight or obese (3). At issue, almost
one-third of children and adolescents in the US were over-
weight or obese in 2004 (3).

Compounding this public health issue, physical activity
trends have indicated that children are less active, less fit,
and less healthy than previous generations (4). Thus, the
combination of an increase in body mass and a decrease
in physical activity suggests that an energy (i.e. caloric) im-
balance may be at the center of the obesity epidemic facing
the youth of industrialized nations (5). Associated with this
imbalance are several physical health issues such as type 2 di-
abetes, colon cancer, and metabolic syndrome (6). However,
recent data also indicate that mental health issues may fur-
ther be tied to poor health status (7). Accordingly, the trends
toward increased energy consumption and body mass along
with decreased physical activity behaviors may have implica-
tions for cognitive health and scholastic performance.

Trends in body mass, energy consumption, and
physical activity

An in-depth review of physical health trends is beyond
the scope of this article. However, a brief review of the cur-
rent state of research on body mass, energy consumption,
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and physical activity behavior is provided in this section to
set a proper background prior to describing the body of
work relating these factors to cognitive health. It has become
a national priority to determine what factors are contribut-
ing to the rise in obesity as well as to decrease the number of
overweight and obese children in the United States. In re-
sponse, there is an increasing body of literature focused on
the nutritional patterns of children. For example, Vadiveloo
et al. (8) followed 35 boys and girls between grades 3 and 5
(mean age = 9.5 y) and reported on their food intake and
physical activity patterns over the course of 1 y. Their results
support extensive national surveys conducted in the US (9)
and found that the weekly diet consumed by children was
comparable to the recommendations set forth by the Dietary
Guidelines for Americans (10) with respect to total daily en-
ergy intake and the percent of energy derived from each of
the macronutrients (e.g. carbohydrate, protein, fat). Addi-
tionally, Vadiveloo et al. (8) observed that the children’s en-
ergy consumption was within the recommended range for
their age group. However, inspection of the specific energy
composition indicated that children were consuming well
below the recommended standards for daily servings of fruits,
vegetables, and fiber and above the recommended standards
for saturated fat and sodium. Given that the children also
fell short of the recommended guidelines for physical activity
(measured by step counts), these comprehensive data shed
light on the development of overweight and obesity risk
factors.

In support of this notion, only 34.7% of high school stu-
dents in 2007 performed the recommended amount of
moderate to vigorous physical activity (11). Current guide-
lines indicate that children should engage in 60 min or
more of daily physical activity, and the majority of the
time should be spent performing moderate to vigorous in-
tensity aerobic activities (12,13). Unfortunately, as exempli-
fied above, the vast majority of youth do not achieve these
physical activity recommendations. Increased competition
for leisure time stems from the use of sedentary materials
(e.g. computers, television, video games), which may be of
further detriment to physical health, as the average 8- to
18-y-old in the US spends over 5 h/d in front of a screen
(14). These trends remain as children progress through
school; the average high school student accumulating over
3 h of screen time daily (14). Other data indicates that these
behaviors continue throughout life, with adults performing
less physical activity (6) and more screen time as a function
of leisure time activities learned during childhood (15,16).
The implications of these behaviors in adults are higher
BMI, lower aerobic fitness, and other ill health outcomes
(i.e. increased smoking, raised serum cholesterol) (16).

Cognition and health behaviors

Given the recent trends outlined above, youth in indus-
trialized nations are at risk for decreased physical health.
Of further concern is a growing body of literature demon-
strating deficits in brain health and cognition as a result of
lifestyle choices and behaviors (7). Recent findings using a
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variety of experimental techniques have indicated that cog-
nitive performance declines with decreases in physical acti-
vity and aerobic fitness and increases in body mass and
energy consumption (5,7). Several recent studies have dem-
onstrated that these factors influence cognition not only on a
rudimentary level but also at the level of scholastic perfor-
mance (17,18). The remainder of this article focuses on
the relationship of these factors to cognitive health in youth
(although relevant adult data will be discussed to provide
support), with an emphasis on scholastic achievement and
performance.

Nutrition and cognition

Nutrition can substantially influence both the develop-
ment and health of brain structure and function. Providing
the proper building blocks for the brain to create and main-
tain connections is critical for improved cognition and aca-
demic performance. It is thought that this process begins
during gestation, because supplementing undernourished
pregnant mothers, lactating mothers, and children with
both energy and protein during the first few years of develop-
ment had a marked, positive impact on measures of language,
memory, and perception (19). Freeman et al. (19) collected
data from over 1000 3- and 4-year-old children residing
in 4 rural Guatemalan villages and examined the relation
between nutritional status (measured via height and head cir-
cumference) and cognitive performance. All volunteers from
the villages had the opportunity to consume a supplement
twice per day. In 2 of the villages, mothers who were pregnant
and/or lactating and their children were offered a supplement
containing 11 g of protein and 163 kilo-calories. Volunteers
in the other 2 villages were supplemented with a sugar drink
that contained 59 kilo-calories. Regardless of the beverage
supplement, all participants were also offered a vitamin and
mineral supplement. Freeman et al. (19) measured language,
memory, and perception and found associations between
increased protein-energy consumption and improved cogni-
tive performance, providing support for the importance of
nutrition to cognition. Interestingly, the data also indicated
that cognitive performance was higher for those children
whose mother consumed the protein-energy supplement
during pregnancy and lactation, indicating that pre- and
postpartum nutrition is influential in cognitive development
(19).

Even short term fasting during preadolescence (i.e. skip-
ping breakfast) has been related to transient decreases in
late morning cognitive performance on measures of IQ, the
Matching Familiar Figure Test, and the Hagen Central Inci-
dental Test, indicating that early morning fasting is associated
with a decreased ability to problem solve (20). Alternatively,
consuming a balanced meal has been related to marked, pos-
itive changes in disposition, attentiveness, and motivation
among individuals 19-33 y of age (21). In addition, families
who indicated that they “sometimes or often did not get
enough food to eat” had elementary school children who
were more apt to struggle with academics compared with
their peers (22). When researchers adjusted for socioeconomic
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and other factors, food insufficiency was associated with sig-
nificantly lower standardized mathematics scores, and stu-
dents were 1.44 times more likely to repeat a grade relative
to those children who reported receiving enough food to
eat (22).

Overweight, obesity, and
cognitive performance

Others have demonstrated that overnutrition, more spe-
cifically an overconsumption of energy, is maladaptive for
brain health and function (23,24). Specifically, a link between
an excess of body fat and decrements in cognitive perfor-
mance have also been investigated (25). This relationship
becomes an ever-growing concern as the percentage of over-
weight and obese children of elementary school age
continues to rise, indicating the immediate need to under-
stand the effects of increased weight on scholastic perfor-
mance. Although the body of research is currently limited,
available results have identified an inverse relationship be-
tween obesity and cognition in children. Campos et al. (26)
examined intelligence (i.e. Wechsler Intelligence Scale for
Children) in 65 obese adolescents relative to healthy weight
individuals within the same community (age range 8—14 y).
They found that obese children performed worse on the
Wechsler Intelligence Scale for Children than their healthy
weight counterparts. Despite these findings, it was noted that
causality could not be determined, because the cross-sectional
nature of the study left open the possibility that other inter-
vening variables may have been related to the observed pat-
tern of results (26).

Further, Datar et al. (27) examined the relationship be-
tween weight and test score performance in mathematics
and reading from the Early Childhood Longitudinal Study
consisting of =11,000 nationally representative kindergar-
teners in the US. They found that overweight children had
lower test scores relative to children of normal weight. How-
ever, when the data were adjusted for socioeconomic status,
physical activity, television viewing, and other social varia-
bles, the relationship diminished, with the exception of the
association between boys” overweight status and mathemat-
ics (27). The authors concluded that being overweight is not
causally related to lower test scores but rather may serve as
marker for poorer scholastic performance. Given that over-
weight status is more easily identifiable than other related
factors (such as socioeconomic status or home environ-
ment), it may help identify those at risk for poorer scholastic
performance (27). Similar findings supporting those of
Datar et al. (27) were noted by Judge and Jahns (28), who
found that the relationship between overweight status and
poorer performance on mathematics and reading achieve-
ment was modified by demographic factors in a nationally
representative sample of almost 14,000 3rd grade children
from the Early Childhood Longitudinal Study.

In a follow-up study, Datar and Sturm (29) examined the
prospective relationship between weight status at the time of
entry into kindergarten and weight status or change in
weight status at the conclusion of the 3rd grade on academic

test performance in ~7000 children. Their findings indicated
that girls of normal weight at kindergarten who were clas-
sified as overweight in 3rd grade demonstrated significant
decrements in test performance, whereas no such relation-
ship was observed for boys (29). However, overweight boys
were observed to have more absences from school (29). In
addition, more social-behavioral issues were noted for over-
weight girls, indicating that change in overweight status dur-
ing early school years is a significant risk factor for academic
performance and behavior in girls but not in boys (29).
Other research indicates that as adolescents mature into
teens, problems with academic performance may persist.
Obese teenage girls are 50% more likely to repeat a grade
than their healthy weight counterparts and obese boys
drop out of school more than twice as often as their healthy
weight peers (30). Additionally, Sargent and Blanchfower
(31) found that teen obesity is associated with a significantly
lower education level (along with lower income) continuing
into adulthood.

Overweight and obesity have also been linked to cogni-
tive dysfunction across adulthood (32). Sabia et al. (33) ex-
amined the relation of BMI at age 25 y with cognitive health
across the adult lifespan to better determine the extent to
which cognition in late midlife (i.e. mean age = 61 y) is af-
fected by obesity during earlier adulthood. Their results in-
dicated that long-term underweight or overweight status
was associated with lower scores on the Mini-Mental State
Examination, tests of memory, and executive control func-
tion later in life (33). Further, a large increase in BMI
from early to late midlife was associated with poorer perfor-
mance on tests of executive control function (33).

Cournot et al. (34) also employed a prospective design
over a 5-y period to assess the relation of BMI to cognitive
function and decline in healthy 32- to 62-y-old men and
women in the workforce. Along with BMI, cognitive tests
of attention, learning, and memory were conducted and
the results indicated that higher BMI was associated with
poorer cognitive performance after adjusting for demo-
graphic and psychosocial variables (i.e. age, sex, education,
health status). Additionally, higher BMI at baseline was pre-
dictive of greater cognitive decline during the 5-y follow-up
(34), indicating that BMI is independently associated with
cognitive function during adulthood.

Jeong et al. (32) investigated the relation between obesity
and cognitive dysfunction in 467 South Korean elderly
adults (>65 y) through the measurement of waist circumfer-
ence and BMI and the Korean Mini-Mental State Examina-
tion, which is a cognitive screening tool for dementia. Their
results indicated that poorer performance on the examination
was negatively associated with overweight status (BMI = 23—
25 kg/m?) obesity (BMI > 25 kg/m?) (32). Accordingly, their
findings indicate that overweight and obesity are related to
cognitive dysfunction, as assessed via screening measures
for dementia, among older adults.

Recent neuroimaging data corroborate these earlier be-
havioral findings (32-34) and suggest that overweight and
obesity effects on cognitive dysfunction may result from
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changes in brain structure. Raji et al. (35) used tensor based
morphometry within a functional MRI environment to as-
sess gray and white matter volume atrophy in 94 elderly
adults (mean age of 77 y) who remained cognitively healthy
5 y after the images of their brain were taken. Results indi-
cated that BMI, plasma insulin taken after a fast, and type
2 diabetes were strongly associated with atrophy of the fron-
tal, temporal, and subcortical regions of the brain. After
controlling for the other factors, BMI remained negatively
correlated with atrophy in those brain regions. Further,
BMI > 30 was associated with atrophy in the frontal lobes,
the anterior cingulate gyrus, hippocampus, and thalamus
relative to individuals with normal BMI (i.e. 18.5-25), and
overweight (BMI 25-30) and obese individuals (BMI >
30) exhibited overall reduced brain volume relative to nor-
mal weight individuals (35). Accordingly, these data indicate
the overweight and obesity may be associated with marked
decreases in brain volume and provide a greater understand-
ing of the underlying causes of obesity related changes in
cognitive dysfunction. Given that several of the brain regions
demonstrating decreases in brain volume are associated with
attention, memory, and the control of cognition (17,36,37),
obesity related deficits in cognitive and scholastic perfor-
mance mediated by these brain regions might be expected.

Physical activity, cognition, and scholastic
performance

Despite the growing literature base demonstrating poten-
tial overweight and obesity related deficits in cognition, an
also large and growing literature has expounded on the ben-
eficial relation of physical activity and aerobic fitness to
cognitive health and scholastic performance (38). Briefly, a
consensus on the relation of fitness to scholastic perfor-
mance has not been reached, because the available data in-
dicate either a positive relationship or no relationship of
fitness to cognition. Regardless, the data suggest that time
spent engaged in physical activities is beneficial, because it
does not detract from scholastic performance and in fact
can improve overall health and function (17,18,38,39).

One of the most high-profile studies to date, conducted
by the California Department of Education (CDE) (40), ex-
amined the relationship of physical fitness to academic per-
formance in a sample of ~885,000 students in 5th, 7th, and
9th grades through the comparison of a field test of physical
fitness known as the Fitnessgram [i.e. PACER shuttle run
(aerobic capacity), push-ups and sit-ups (muscle strength),
sit and reach (muscle flexibility), and BMI (body composi-
tion)] and performance on the Standardized Achievement
Test (39,40). The findings revealed a positive relationship be-
tween fitness and SAT performance such that students who
had higher scores on the Fitnessgram (i.e. achieved the nec-
essary criteria to be classified in the Healthy Fitness Zone on
a minimum of one-half of the subtest of the Fitnessgram)
also had higher scores on the mathematics and reading por-
tions of the SAT (40). Further examinations revealed females
exhibited higher academic achievement than males, espe-
cially at higher fitness levels (40), suggesting that physical
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activity participation may be more beneficial for girls, as
those who were more vigorously engaged performed better
in school (41).

Castelli et al. (42) extended the findings of the CDE (40)
through the examination of younger children (i.e. 3rd and
5th grade students) and of the differential contributions of
the various subcomponents of the Fitnessgram. Specifically,
Castelli et al. (42) parsed the individual contributions of aer-
obic capacity (i.e. the PACER test), muscle strength (i.e.
push-ups, sit-ups), flexibility (i.e. sit and reach), and body
composition (BMI) on mathematics and reading perfor-
mance from the Illinois Standardized Achievement Test in
a sample of 259 students. After controlling for the various
demographic factors (e.g. age, sex, socioeconomic status)
that were previously demonstrated to influence either fitness
or scholastic performance, the results corroborated the find-
ings of the CDE (40), because a general relationship between
fitness and achievement test performance was observed.
However, when the individual components of the Fitness-
gram were examined, it was determined that only aerobic
capacity (i.e. the PACER test) was significantly related to
achievement test performance (42). Muscle strength and
flexibility were unrelated, and a negative relation of BMI
to test performance was observed, indicating that increased
BMI was associated with poorer performance on the stan-
dardized test. Corroborating evidence has emerged recently
from Chomitz et al. (43) in a larger sample of 4th to 8th
grade students indicating that the likelihood of passing
both mathematics and English achievement tests increases
with the number of fitness tests passed during physical
education class, and the odds of passing the mathematics
achievement tests were inversely related with increased
weight status.

Other researchers have further characterized the influ-
ence of physical activity intensity on scholastic performance.
For example, Coe et al. (44) examined physical education
enrollment and self-reported moderate and vigorous physi-
cal activity (MVPA) outside school on performance in core
academic courses and the Terra Nova Standardized Achieve-
ment test in 214 6th-grade students. Findings indicated that
scholastic performance was unaffected by whether the par-
ticipants were enrolled in physical education classes. How-
ever, it was determined that physical education classes only
averaged 19 min of MVPA. When time spent engaged in
MVPA outside of school was considered, a significant rela-
tion to scholastic performance emerged, with more time en-
gaged in MVPA relating to better grades (44).

Several other studies are consonant with the findings
reported above. Ahamed et al. (45) demonstrated that
prolonged (i.e. 16 mo) school based physical activity inter-
ventions may be beneficial toward improving scholastic per-
formance. Others have reported that single, short bouts of
physical activity (46) or coordinative exercise (47) are bene-
ficial toward improving attention to academic instruction
and on cognitive tasks immediately following the short dura-
tion intervention. Lastly, potential mechanisms underlying
these apparent acute effects of physical activity on attention
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have emerged, as recent data indicate short term exercise-in-
duced alterations in the neuroelectric system support changes
in the cognitive control of attention and relate to task perfor-
mance (48).

Summary and future directions

The study of the effects of nutrition, obesity, and physical
activity on brain health, cognition, and academic perfor-
mance is in its infancy. Several encouraging findings out-
lined above have generated interest in this area of study,
but continued exploration is necessary. Relative to energy
consumption, many questions regarding the energy profile
(i.e. protein, fat, and carbohydrate composition) and the
short and long term effects of specific nutritional patterns
are of great interest. The effects of under- and overconsump-
tion of high-energy, low-nutrient density foods relative to
cognition are also of great interest from a brain maturation
perspective. The discovery of how energy consumption in-
fluences cognition may inform immediate and prolonged
cognitive health and function. The association of obesity
with cognitive health and learning has also demonstrated
a number of interesting findings, but clear relationships
have not been established. This area is an especially challeng-
ing direction to study in human models given that obesity is
linked to a number of other psychosocial, demographic, and
health factors. Nevertheless, future efforts are needed to bet-
ter characterize the synergistic relationship among nutrition,
obesity, and cognition.

Although the study of physical activity and fitness to cog-
nition and scholastic performance is more established in the
literature, researchers in this area also need to better charac-
terize the relationship between physical and cognitive health.
Future efforts need to use more rigorous experimental de-
signs to causally link physical activity to changes in cog-
nition during development. Currently, all work has been
cross-sectional in nature. Finally, researchers must begin
to consider the mediating role that each of these factors
(i.e. nutrition, body mass, and physical activity) has on
one another. That is, a few reports (27,42) have begun to
recognize, e.g., that physical activity and body mass may dif-
ferentially influence cognition within the same sample.
However, future efforts should be directed toward the exam-
ination of energy consumption, storage, and expenditure to
more completely determine the role of lifestyle and physical
health factors on cognitive health and function.

Conclusion

In conclusion, researchers have begun to understand the
relation of energy balance to brain health, cognition, and
scholastic performance. The under- and overconsumption
of energy and excess body mass have been linked to deficits
in academic achievement in school age children as well as
greater decay of brain structure and function during aging.
However, physical activity and fitness, associated with an
increase in energy expenditure, demonstrated a beneficial
relation to cognitive and brain health and better perfor-
mance on measures of scholastic performance in children.

Accordingly, the literature reviewed in this article as a whole
indicates that energy balance may be important for enhancing
not only physical health but also the requisite cognitive health
necessary to meet scholastic challenges and maintain optimal
cognitive function throughout the human lifespan.
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