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Identification of health behaviors and markers of physiological health associated with childhood cogni-
tive function has important implications for public health policy targeted toward cognitive health throughout
the life span. Although previous studies have shown that aerobic fitness and obesity exert contrasting
effects on cognitive flexibility among prepubertal children, the extent to which diet plays a role in cog-
nitive flexibility has received little attention. Accordingly, this study examined associations between saturated
fats and cholesterol intake and cognitive flexibility, assessed using a task switching paradigm, among

I[()?elr’ords' prepubertal children between 7 and 10 years (N = 150). Following adjustment of confounding variables
Cognitive flexibility (age, sex, socioeconomic status, 1Q, VOamax, and BMI), children consuming diets higher in saturated fats
Children exhibited longer reaction time during the task condition requiring greater amounts of cognitive flexi-
Obesity bility. Further, increasing saturated fat intake and dietary cholesterol were correlated with greater switch

costs, reflecting impaired ability to maintain multiple task sets in working memory and poorer efficien-
cy of cognitive control processes involved in task switching. These data are among the first to indicate
that children consuming diets higher in saturated fats and cholesterol exhibit compromised ability to
flexibly modulate their cognitive operations, particularly when faced with greater cognitive challenge.
Future longitudinal and intervention studies are necessary to comprehensively characterize the inter-

Aerobic fitness

relationships between diet, aerobic fitness, obesity, and children’s cognitive abilities.

© 2015 Elsevier Ltd. All rights reserved.

Introduction

Childhood represents a period marked by extensive changes in
both brain structure and function (Lenroot & Giedd, 2006; Luna,
2009). Therefore, identification of health factors - lifestyle behav-
iors and markers of physiological health - associated with childhood
cognitive function has important implications for not simply chil-
dren’s cognitive health, but cognitive function throughout the life
span. This is particularly important given the current obesogenic
environment, characterized by reduced opportunities for physical
activity and concomitant consumption of calorically dense but nu-
tritionally poor diets. Emerging literature suggests that specific
aspects of childhood cognitive function are selectively related to
health factors such as aerobic fitness and obese weight status.
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However, the extent to which diet influences childhood cognitive
function remains unclear.

Cognitive control (also referred to as executive control) is of par-
ticular interest to this area of study because it encompasses cognitive
processes that underlie goal-directed behavior and are orches-
trated by activity within the prefrontal cortex (Best & Miller, 2010;
Shimamura, 2000). The three interrelated, but dissociable, cogni-
tive processes thought to comprise cognitive control include
inhibition (the ability to resist distractions to maintain focus),
working memory (the ability to store, maintain, manipulate infor-
mation to be retrieved within a brief period), and cognitive flexibility
(the ability to dynamically shift attention, select information, and
alter response strategy in response to changing task demands)
(Davidson, Amso, Anderson, & Diamond, 2006; Kane & Engle, 2002).
Thus, cognitive control processes enable us to adjust our behavior
to changing environmental demands. Further, the prefrontal cortex
exhibits a protracted developmental trajectory throughout child-
hood, marked by progressive and regressive changes (myelination
and synaptic pruning, respectively) occurring in parallel and shaped
in part by the child’s idiosyncratic experience (Best & Miller, 2010).
Therefore, understanding the impact of health behaviors (e.g., phys-
ical activity and diet) and their interrelated physiological markers
of health (e.g., aerobic fitness and adiposity) on cognitive control
processes during childhood may identify modifiable targets for future
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interventions aiming to improve cognitive functioning in children
(Miller & Cohen, 2001).

Previous studies in children have associated key aspects of child-
hood physiological health, particularly aerobic fitness, to tasks
assessing inhibitory control, working memory, and cognitive flex-
ibility (Hillman et al., 2014; Kamijo et al., 2011; Pontifex et al,, 2011).
These effects have been further supported by neuroimaging data
demonstrating that greater aerobic fitness is positively and selec-
tively associated with neural substrates subserving cognitive control
(Chaddock et al., 2010). In addition, a relatively consistent finding
is that obesity is associated with cognitive deficits, especially in cog-
nitive control, in children, adolescents, and adults (Smith, Hay,
Campbell, & Trollor, 2011). Among prepubertal children, even fol-
lowing adjustment of aerobic fitness, increasing adiposity or obese
weight status have been shown to be negatively related to chil-
dren’s performance on cognitive control tasks (Kamijo et al., 2012a,
2012b, 2014; Pontifex et al., 2014). Evidence implicating excess ad-
iposity and obese weight status in compromised cognitive control
in childhood is especially concerning, given that approximately one-
third of the children in the United States are estimated to be
overweight or obese. While a converging body of literature points
to the beneficial effects of higher aerobic fitness and maintenance
of a healthy weight status for cognitive control in childhood, the
evidence relating specific aspects of diet intake to children’s cog-
nitive control, particularly cognitive flexibility, remains limited.

Diet and cognitive function are thought to interact via multiple
pathways. Diet may directly influence cognitive function by a variety
of mechanisms including provision of essential nutrients for brain
development (Georgieff, 2007), amelioration of neuroinflammation
(Jang, Dilger, & Johnson, 2010; Sherry et al., 2010), and provision
of energy (Hoyland, Lawton, & Dye, 2008). Alternatively, impair-
ment in cognitive control functions may contribute to poor dietary
choices. Indeed, cognitive control functions are thought to be nec-
essary to regulate eating behaviors (Guerrieri et al., 2007). Pertinent
to the study reported herein, diets high in saturated fats (SFAs) and
cholesterol have been previously linked to cognitive impairment in
animal studies as well as human trials. Rodents consuming diets
higher in saturated fats exhibit decrements on memory tasks as well
as neurotrophic factors important for neuronal plasticity and learn-
ing (Kanoski, Zhang, Zheng, & Davidson, 2010; Molteni, Barnard, Ying,
Roberts, & Gomez-Pinilla, 2002). Among humans, consuming a diet
high in SFA during midlife is associated with an increased risk for
cognitive impairment in later adulthood (Eskelinen et al., 2008). Sim-
ilarly, higher dietary cholesterol intake among older adults is
associated with an increased risk of impaired memory and cogni-
tive flexibility (Kalmijn et al., 2004). Among children, dietary lipids
have been shown to be differentially associated with memory func-
tion (Baym et al., 2014) while overall diet quality was found to be
positively correlated with academic performance among 5th grade
students (Florence, Asbridge, & Veugelers, 2008) and children’s
attentional inhibitory control (Khan et al., 2015). Therefore, spe-
cific dietary components may play an important role in children’s
cognitive control. However, links between nutrients and specific cog-
nitive domains are not well characterized.

Specifically, the association of saturated fats and cholesterol intake
to children’s cognitive flexibility has received little to no attention
in the literature. Although the influence of diet on inhibitory control
has received considerable interest (Jasinska et al., 2012; Khan et al.,
2015), the relationship between habitual diet intake and cognitive
flexibility has received comparatively less attention. Tasks tapping
into cognitive flexibility are distinct from inhibitory control because
the former requires switching between two or more mental sets
rather than the inhibition of a single response or the suppression
of interfering information (Best & Miller, 2010; Crone, Somsen,
Zanolie, & Van der Molen, 2006). Indeed, successful task switch-
ing may index a higher order of information processing and action

control requiring both working memory and inhibitory control (Best
& Miller, 2010; Diamond, 2013). Previous studies have shown that
aerobic fitness and obesity exert contrasting effects on cognitive flex-
ibility among prepubertal children (Hillman et al., 2014; Pontifex
et al., 2014; Wirt, Schreiber, Kesztyiis, & Steinacker, 2014). There-
fore, examining whether or not diet also plays a role in cognitive
flexibility stands to expand our understanding of modifiable life-
style factors that may be targeted for improvement of all cognitive
control processes, and not only inhibitory control.

Accordingly, the study reported herein examined associations
between saturated fats and cholesterol intake and cognitive flexi-
bility, assessed using a task switching paradigm, among a sample
of prepubertal children between 7 and 10 years. Our central hy-
pothesis was that increasing intake of saturated fats and dietary
cholesterol would be related to poorer performance - indicated by
lower accuracy, longer reaction times, and higher global and local
switch costs — on a cognitive flexibility task, following adjustment
of confounding variables including demographics, IQ, aerobic fitness
and BML

Materials and methods
Participants

The results of this study are based on cross-sectional analysis
of baseline data collected from a subsample of prepubertal chil-
dren between 7 and 10 years (N = 150) who participated in a larger
randomized controlled trial [Fitness Improves Thinking in Kids
(FITKids; NCT01334359)]. Only FITKids participants who provided
diet data and completed the switch task were included in the sample
studied herein. Participants provided written assent and their legal
guardians provided written informed consent in accordance with
the regulations of the University of Illinois Institutional Review Board.
Children were screened for neurological disorders, physical dis-
abilities, psychoactive medication status, and normal or corrected-
to-normal vision. Data were also collected on (1) IQ, using the
Kaufman Brief Intelligence Test (Kaufman, 1990), (2) socioeconom-
ic status (SES) as estimated based on participation in a school meal-
assistance program, maternal and paternal education levels, and how
many parents work full-time, and (3) pubertal status using the modi-
fied Tanner Staging System (Tanner, 1962). The sample comprised
both healthy weight (66%) and overweight/obese children (34%). Par-
ticipants with low SES constituted 34% of the sample and 65% were
categorized as Tanner stage 1.

Diet assessment

Dietary intake was collected using one 24-hour food recall con-
ducted by a Registered Dietitian. The recall was completed by the
child with assistance from the parent. The Nutrition Data System
for Research (NDSR; Nutrition Coordinating Center, Minneapolis, MN,
USA) software was used to analyze dietary intake. Nutrient-level
analyses were conducted using the intake properties file to deter-
mine macronutrient (carbohydrate, protein, and fat) intake.

Anthropometric assessment

Height and weight were measured using a stadiometer (Seca;
model 240) and a Tanita WB-300 Plus digital scale, respectively. The
mean of three measurements of height and weight were used for
the analyses. The Centers for Disease Control (CDC, 2000) growth
charts were used to determine each child’s BMI-for-age percentile
(Kuczmarski et al., 2000).
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Aerobic fitness assessment

Cardiorespiratory fitness was assessed using a test of maximal
oxygen consumption (VOzma) (Armstrong, 2006). Oxygen consump-
tion was measured using a computerized indirect calorimetry system
(ParvoMedics True Max 2400) while participants ran/walked on a
motor-driven treadmill at a constant speed with incremental grade
increases of 2.5% grade every two minutes until the participant was
no longer able to maintain the exercise intensity (Armstrong, 2006).
A Polar heart rate monitor (Polar WearLink+ 31; Polar Electro,
Finland) was used to measure heart rate throughout the test and
ratings of perceived exertion were assessed every 2 min using the
children’s OMNI scale (Utter, Roberson, Nieman, & Kang, 2002).
VO:max Was based upon maximal effort as evidenced by (Lenroot &
Giedd, 2006) a peak heart rate > 185 bpm (Armstrong, 2006) and
a heart rate plateau (Freedson & Goodman, 1993) (Luna, 2009);
RER > 1.0 (Bar-Or, 1983) (Best & Miller, 2010); a score on the chil-
dren’s OMNI ratings of perceived exertion scale > 7 (Utter et al.,
2002); and/or (Shimamura, 2000) a plateau in oxygen consump-
tion corresponding to an increase of less than 2 ml/kg/min despite
an increase in workload.

Switch task

Cognitive flexibility was assessed using a color-shape task switch-
ing paradigm (Espy, 1997). This task requires participants to learn
a set of response mappings arbitrarily assigned to a set of colors
(blue and green) and shapes (circle and square), then utilize a rule-
set cue (the direction of the character’s arms) to flexibly shift
visuospatial attention toward the correct feature set and execute
the correct response mapping (see Hillman et al., 2014). In this task,
participants completed two blocks of 60 homogeneous trials (1 block
of color only; 1 block of shape only) in which they attended to a
centrally presented character. Participants were instructed to make
a left hand thumb press on a Neuroscan STIM system response pad
(Compumedics, Charlotte, NC) when the character was blue (in the
color condition) or a circle (in the shape condition) and a right hand
thumb press when the character was green (in the color condi-
tion) or a square (in the shape condition). During the heterogeneous
condition, participants performed both the color and shape tasks
together with the specific task on each trial indicated by the direc-
tion of the character’s arms (arms up: respond based on the shape
of the character; arms down: respond based on the color of the char-
acter). After a block of 40 practice trials, participants completed three
blocks of 50 heterogeneous trials with equiprobable task occur-
rence and response directionality. The stimuli were 5.5 cm tall and
9 cm wide characters presented focally for 3000 ms on a black back-
ground - or until a response was given - with a fixed inter-trial
interval of 3500 ms.

Switch task measures of interest included accuracy and reac-
tion time with greater accuracy and faster reaction times indicating
superior cognitive flexibility. In addition to accuracy and reaction
time, global and local switch costs were calculated to index the flex-
ible modulation of cognitive control when faced with greater task
demands. Global switch cost analyses examined differences between
homogenous and heterogeneous conditions while local switch cost
analyses examined differences between switch and non-switch trials
during the heterogeneous block condition. Global switch cost related
to accuracy was defined as the difference in performance between
homogeneous and heterogeneous blocks (accuracy cost: homoge-
nous - heterogeneous; reaction time cost: heterogeneous —
homogenous). Thus, lower global switch costs reflect the greater ef-
ficiency of maintaining multiple task sets in working memory as
well as the selection of the task to be performed next (Kray &
Lindenberger, 2000). Local switch costs were defined as the differ-
ence between performance on switch trials and non-switch trials

within heterogeneous blocks (accuracy cost: non-switch - switch;
reaction time cost: switch — non-switch). Lower local switch costs
are thought to reflect greater effectiveness of cognitive control pro-
cesses responsible for the activation of the presently relevant task
set and the deactivation of the task set that was relevant on the pre-
vious trial (Meiran, 1996). We hypothesized that intake of dietary
cholesterol and saturated fatty acids will be associated with greater
global and local switch costs, signifying increasing decrements in
cognitive flexibility.

Statistical analyses

Differences in cognitive flexibility across categorical variables (e.g.,
healthy vs. obese weight status, SES, and sex) were conducted using
an independent ¢ test. Initial Pearson’s correlations assessed bivari-
ate relationships between demographic variables and cognitive
flexibility measures among all participants. Subsequently, partial cor-
relations were conducted between diet variables and cognitive
flexibility following adjustment of control variables (age, sex, SES,
K-BIT, VOymax, and BMI). Control variables were chosen based on prior
research relating these factors to measures of cognitive control
(Kamijo et al., 2012; Pontifex et al., 2014). One-tailed t tests were
used because this study aimed to test directional hypotheses re-
garding the associations between cholesterol and saturated fatty acids
and cognitive flexibility measures. To adjust for overall energy intake,
nutrient intake was normalized to intake per 1000 kcal within par-
ticipants before subsequent analyses. Statistics were performed using
SPSS 22 (IBM, Somers, NY).

Results

Participant characteristics (demographics, weight status, and
aerobic fitness) and switch task performance are presented in Table 1.
Mean reaction times were determined after averaging correct trials.
Table 2 summarizes the diet intake variables among participants.
Participants reported meeting approximately 52% (SD = 9.54) of their
energy needs from carbohydrates, 15.3% (SD =4.6) from proteins,
32.6% (SD =7.5) from fats, and 12.4% (SD = 4.4) from saturated fats.

Table 1
Participant characteristics and switch task performance.
Mean SD
Age, years 8.8 (0.6) 0.6
Socioeconomic status, %
Low 34.0
Medium 25.0
High 41.0
Pubertal timing, %
Tanner stage 1 65.0
Tanner stage 2 35.0
BMI, kg/m? 18.5 3.9
BMI-for-age, percentile 65.4 283
<85th, % 66.0
>85th, % 34.0
VO2max, kg/ml/min 39.0 6.8
Intelligence quotient 112.0 14.2
Switch task
Response accuracy, %
Homogenous trials 86.7 8.1
Heterogeneous trials 66.3 15.0
Global switch costs 204 13.6
Local switch costs 2.0 74
Reaction time, ms
Homogenous trials 807.1 160.8
Heterogeneous trials 1439.2 252.8
Global switch costs 632.1 250.2
Local switch costs 174.3 164.4
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There were no significant differences in diet intake, K-BIT, and
switch task response accuracy and reaction time for homoge-
neous and heterogeneous trials between healthy weight and obese
children. However, obese children exhibited greater global switch
cost for accuracy (P=0.02) compared to healthy weight children.
Aerobic fitness, assessed as VO,ma relative to body weight, was higher
(P<0.01) among males while females had higher BMI (P < 0.01). On
the other hand, no differences in diet intake were observed between
males and females. Further, there were no significant differences
in K-BIT, switch task response accuracy and reaction time for ho-
mogeneous and heterogeneous trials across sex groups. However,
females exhibited greater global switch costs for accuracy (P=0.03).
Differences between high (n=61) and low (n=51) SES groups re-
vealed that high SES children had higher K-BIT (P <0.01), VO2max
(P<0.01), and consumed higher protein (P=0.03) while children
categorized as low SES children exhibited greater local switch cost
for reaction time (P =0.04).

Bivariate correlations were conducted to identify non-diet vari-
ables that may be associated with cognitive flexibility measures. Age
was positively related to accuracy on the homogeneous (r=0.20,
P<0.01) and heterogeneous trials (r=0.28, P<0.01) and negative-
ly related to global accuracy switch cost (r=-0.19, P=0.01). Sex was
related to global switch cost for accuracy (r=0.18, P=0.01) such that
males had a lower global switch cost. K-BIT was positively related
to heterogeneous accuracy (r=0.23, P<0.01) and negatively related
to global switch cost for accuracy (r=-0.19, P=0.01), signifying that
greater IQ was associated with the ability to maintain accuracy when
task demands increased. BMI was related to greater global switch
cost for accuracy (r=0.20, P=0.01) whereas VO,ma.x was related to
greater accuracy on heterogeneous trials (r=0.25, P<0.01) and neg-
atively related to global switch cost for accuracy (r=-0.26, P<0.01).

Results of the partial correlations between the diet variables and
switch task performance - following adjustment of age, sex, K-BIT,
SES, VOmax, and BMI - are presented in Table 3. Following adjust-
ment of covariates, total fats (r=0.20, P< 0.01), saturated fats (r=0.23,
P<0.01), and cholesterol (r=0.17, P=0.02) were related to greater
local switch cost for accuracy. Saturated fats were related to in-
creased heterogeneous reaction time (r=0.17, P=0.02) and global
switch cost for reaction time (r=0.14, P=0.04). Cholesterol intake
was related to increased local switch costs for both accuracy (r=0.17,
P=0.02) and reaction time (r=0.14, P=0.04).

Discussion

Previous studies have shown that cognitive flexibility is posi-
tively associated with aerobic fitness and negatively related to
adiposity among prepubertal children (Hillman et al., 2014; Pontifex
et al., 2014). However, data relating dietary components to child-
hood cognitive flexibility are limited. The current study provides

Table 2
Dietary intake among study participants.
Mean (SD) RDA/AMDR?

Energy, kcal 1982.6 (920.0) 1593-2043P
Carbohydrate, g 262.3(126.6) 130
Total fats, g 73.9(39.6) 25-35
Protein, g 73.0(35.7) 10-30
Saturated fats, g 28.1(17.1) ND
Cholesterol, mg 218.3(148.2) ND

3 Recommended values based on the Dietary Reference Intakes for Energy, Car-
bohydrate, Fiber, Fat, Fatty Acids, Cholesterol, Protein, and Amino Acids (2002/
2005).

b Based on energy intake recommendations for sedentary - active children (Hellwig,
Otten, & Meyers, 2006; Institute of Medicine (US), 2005).

RDA, recommended dietary allowance; AMDR, acceptable macronutrient distribu-
tion range; ND, not determinable.

Table 3
Partial correlations between diet variables and cognitive flexibility measures.
Total fats Saturated fats Cholesterol
Response accuracy

Homogenous trials r 0.01 0.03 0.12
P 0.47 0.36 0.07

Heterogeneous trials r 0.03 -0.04 0.06
P 0.37 0.32 0.22

Global switch costs r -0.03 0.06 0.01
P 0.38 0.24 0.47

Local switch costs r 0.20** 0.23** 0.17*
P <0.01 <0.01 0.02

Reaction time

Homogenous trials r 0.04 0.06 0.03
P 0.31 0.23 0.35

Heterogeneous trials r 0.12 0.17* 0.07
P 0.09 0.02 017

Global switch costs r 0.09 0.14* 0.06
P 0.14 0.04 0.24

Local switch costs r -0.01 0.05 0.14*
P 0.43 0.20 0.03

Control variables included age, sex, SES, K-BIT, VO2max, and BML.
** Significance P<0.01 (one tailed).
* Significance P < 0.05 (one tailed).

novel evidence linking diet intake to cognitive flexibility among
prepubertal children. The major findings were that fats, specifical-
ly saturated fats, were related to longer reaction time during the
heterogeneous trials - the trial type requiring greater cognitive flex-
ibility — and greater global switch cost for reaction time. Thus,
increasing intake of saturated fats was associated with impaired
ability to maintain multiple task sets in working memory as well
as the selection of the subsequent task (Kray & Lindenberger, 2000).
Further, increasing intake of dietary cholesterol was related to greater
local switch costs for both accuracy and reaction time, reflecting
lower efficiency of executive control processes responsible for the
activation of the presently relevant task set and the deactivation of
the task set that was relevant on the previous trial (Meiran, 1996).
Collectively, these data are among the first to indicate that chil-
dren consuming diets higher in saturated fats and cholesterol exhibit
compromised ability to flexibly modulate their cognitive flexibili-
ty, particularly when faced with greater task demands.

A broader implication of this study was that it provided evi-
dence identifying cognitive flexibility as another core cognitive
control process that may be susceptible to the detrimental effects
of saturated fats and cholesterol intake. Cognitive flexibility is im-
portant because it comprises the ability to switch perspectives in
daily life (e.g. viewing a problem from the point of view of others
or from a different direction) and involves being flexible enough to
adjust to changing demands or priorities. This capacity to switch
perspectives depends on the child’s ability to inhibit (or deacti-
vate) a previous perspective and load into working memory (or
activate) a different perspective (Diamond, 2013), integrating both
inhibitory and working memory abilities. However, relative to other
cognitive control processes, cognitive flexibility develops later, with
the ability to flexibly switch, on a trial-by-trial basis, not emerg-
ing until 7 to 9 years of age (Davidson et al., 2006; Gupta, Kar, &
Srinivasan, 2009). This later emergence may partially explain the
limited number of studies investigating the behavioral correlates
of cognitive flexibility in childhood.

Nevertheless, emerging evidence demonstrates that the provi-
sion of physical activity can improve cognitive flexibility in both
children and adults (Hillman et al., 2014; Masley, Roetzheim, &
Gualtieri, 2009). Further, increasing BMI and excess fat mass has been
related to poorer performance on cognitive flexibility tasks among
prepubertal children (Pontifex et al., 2014; Wirt et al., 2014). In the
current study, BMI was also related to cognitive flexibility, such that
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children with higher BMI exhibited poorer ability to upregulate their
cognitive control when faced with greater task demands.

Although data relating diet to cognitive flexibility are limited,
previous studies have correlated specific nutrients to inhibitory
control and memory function in children. Baym et al., (2014)
observed that increasing intake of omega-3 fats was selectively
and positively related to hippocampal-dependent relational memory
among prepubertal children (Baym et al, 2014). In contrast,
saturated fats were negatively related to both hippocampal-
dependent and hippocampal-independent forms of memory,
suggesting a generalized negative effect of saturated fats on
memory function (Baym et al., 2014). Among a similar sample of
children, Khan et al., (2015) observed that overall diet quality and
dietary fiber were positively related to inhibitory control while
total fat intake was negatively related to the ability to suppress
interference when cognitive demands were increased (Khan et al.,
2015). Further, increasing intake of dietary cholesterol has been
shown to be negatively related to children’s performance on a
digit span task (Zhang, Hebert, & Muldoon, 2005). Similar to
Baym et al., (2014), the current study’s findings support a gener-
alized negative association between saturated fats and cognitive
function since increasing saturated fats were related to both
global and local switch costs. On the other hand, increasing
dietary cholesterol was only related to greater local switch costs,
reflecting selective association with lower efficiency of cognitive
control processes. Therefore, the findings from the current study
complement previous work by detecting that cognitive flexibility
is another core cognitive control process that may be susceptible
to the deleterious effects of saturated fats while identifying dietary
cholesterol as a negative correlate of cognitive flexibility in chil-
dren as well.

Given the association between saturated fat and cholesterol intake
and metabolic risk, it is surprising that the influence of these nu-
trients on childhood cognitive flexibility has not been directly
investigated. Intake of saturated fats has been linked - primarily
through increased concentration of low-density lipoprotein (LDL)
- to an increased risk for cardiovascular disease (Siri-Tarino, Sun,
Hu, & Krauss, 2010). However, the deleterious effects of saturated
fats on cognitive function have been observed in rodent studies as
well as human trials. Rats fed 20% of their calories from saturated
fats exhibit decrements in learning and cognitive function, rela-
tive to rats consuming monounsaturated, or polyunsaturated fats
(Greenwood & Winocur, 1996). Subsequent studies indicated that
the mechanism underling this effect may involve saturated fat-
induced oxidative stress and reduced BDNF resulting in compromised
synaptic plasticity (Wu, Ying, & Gomez-Pinilla, 2004). Further, satu-
rated fats increase insulin resistance in the brain (Alsaif, 2004) and
diminish the integrity of the blood-brain barrier (Kanoski et al.,
2010). When fed in combination with cholesterol, saturated fat diets
of up to 10% have been shown to reduce dendritic integrity in rats
(Granholm et al., 2008). Among adult humans, higher dietary cho-
lesterol intake was significantly associated with an increased risk
of impaired memory and cognitive flexibility. However, the effect
of saturated fat intake on impaired memory, speed, and cognitive
flexibility was not statistically significant (Kalmijn et al., 2004).
Further, use of drugs that lower blood cholesterol concentrations
(e.g. statins) may be associated with a lower risk of dementia among
older adults (Jick, Zornberg, Jick, Seshadri, & Drachman, 2000).
However, among children, the evidence remains mixed, with some
studies finding associations between saturated fats and cholester-
ol and cognitive functioning and others not observing a relationship
(Baym et al., 2014; Khan et al., 2015; Zhang et al., 2005). Never-
theless, consistent with data from animal studies and adult trials,
findings from this study indicate that increasing saturated fat intake
and dietary cholesterol may exert independent effects on cogni-
tive functioning in children as well.

Although the current study provides support for the negative as-
sociation between saturated fats and dietary cholesterol and cognitive
flexibility, there are several limitations worth considering. Given that
these results are based on cross-sectional analyses, we cannot make
statements of causality. While it is assumed that variability in cog-
nitive flexibility was driven by the diet measures, it is possible that
the opposite may be true, such that lower cognitive flexibility may
be implicated in poorer dietary choices. Future longitudinal and/
or intervention studies examining the effects of saturated fat and
cholesterol intake on cognitive flexibility could provide definitive
support for the directionality of the associations observed in the
current study. Further, although there is validity in using one 24-
hour recall to assess diet intake among groups of people, additional
studies that utilize other multiple diet assessment techniques such
as food records or food frequency questionnaires would provide
further support for this work. In addition, our analyses did not
account for all nutrients consumed. Therefore, we cannot exclude
the possibility that micronutrients (i.e., vitamins and minerals) may
have contributed to our results. Finally, future studies should assess
serum or plasma markers of metabolism and inflammation to
uncover the mechanisms that may underlie these observations. Nev-
ertheless, the strengths of the current study included the adjustment
of several key covariates known to influence childhood cognitive
function, e.g., age, sex, SES, 1Q, aerobic fitness, and BMI. Therefore,
the finding that specific dietary components significantly corre-
lated with cognitive flexibility — following adjustment of key
covariates - highlights the importance of assessing saturated fat and
cholesterol intake along with cognitive flexibility outcomes in future
studies among child populations.

Conclusions

Given the rapid rise and persistence of the childhood obesity ep-
idemic, the detrimental effects of physical inactivity and excess fat
mass on childhood cognitive function are becoming increasingly rec-
ognized. However, the extent to which specific dietary components
influence cognitive functioning among children, without clinical nu-
trient deficiencies, remains unclear. The current study provides novel
evidence relating saturated fats and dietary cholesterol to cogni-
tive flexibility among prepubertal children. Critically, we demonstrate
that increasing intake of saturated fats and cholesterol is associ-
ated with the compromised ability to flexibly modulate cognitive
control, particularly when task demands are increased. Diet rec-
ommendations for lowering saturated fat intake and dietary
cholesterol have been shown to result in improved cardiovascular
health among children and adults. The cross-sectional findings from
this study provide preliminary support for future intervention studies
that may aim to optimize cognitive health by reducing saturated
fat and cholesterol intake among pediatric populations.
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