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Abstract

Background: Converging evidence now indicates that aerobic fitness and adiposity are key correlates of childhood

cognitive function and brain health. However, the evidence relating dietary intake to executive function/cognitive control

remains limited.

Objective: The current study assessed cross-sectional associations between performance on an attentional inhibition task

and dietary fatty acids (FAs), fiber, and overall diet quality among children aged 7–9 y (n = 65).

Methods: Attentional inhibition was assessed by using a modified flanker task. Three-day food records were used to

conduct nutrient-level analyses and to calculate diet quality (Healthy Eating Index–2005) scores.

Results: Bivariate correlations revealed that socioeconomic status and sex were not related to task performance or diet

measures. However, age, intelligence quotient (IQ), pubertal staging, maximal oxygen uptake ( _VO2max), and percentage

of fat mass (%fat mass) correlatedwith task accuracy. Hierarchical regressionmodels were used to determine the relation

between diet variables and task accuracy and reaction time across both congruent and incongruent trials of the flanker

task. After adjustment of confounding variables (age, IQ, pubertal staging, _VO2max, and %fat mass), congruent accuracy

was positively associated with insoluble fiber (b = 0.26, P = 0.03) and total dietary fiber (b = 0.23, P = 0.05). Incongruent

response accuracywas positively associatedwith insoluble fiber (b = 0.35, P < 0.01), pectins (b = 0.25, P = 0.04), and total

dietary fiber (b = 0.32, P < 0.01). Higher diet quality was related to lower accuracy interference (b = 20.26, P = 0.03),

whereas higher total FA intake was related to greater accuracy interference (b = 0.24, P = 0.04). No statistically significant

associations were observed between diet variables and reaction time measures.

Conclusion: These results demonstrate that children�s diet quality, specifically dietary fiber, is an important correlate of

performance on a cognitive task requiring variable amounts of cognitive control. J Nutr 2015;145:143–9.
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Introduction

The human brain continues to undergo extensive changes in
structure and functional connectivity throughout childhood and
adolescence (1). Thus, it is important to understand what
influence childhood behavioral factors—such as diet—can have
on cognitive function and brain health during development.
Diets consumed by children in the United States fail to meet
federally recommended dietary guidelines (2). Excess FA and
lower dietary fiber intake have been associated with childhood
obesity (3–5), which continues to affect 1 in 5 American children

(6). Of further concern is that SFAs and a lower quality diet
may be associated with poorer cognitive function and cognitive

decline in adulthood (7, 8). However, evidence explicating the

role of diet in childhood cognitive function remains limited.
Diet is thought to influence cognitive function by a variety

of mechanisms that include, but are not limited to, providing

essential nutrients for brain development (9), amelioration

of neuroinflammation (10, 11), and provision of energy (12).

However, links between nutrients and specific cognitive domains

are not well characterized. Cognitive control (also known as

‘‘executive control’’ or ‘‘executive function’’) refers to ‘‘the

ability to orchestrate thought and action in accord with internal

goals’’ (13). Cognitive control, which consists of inhibition

(resisting distractions or habits to maintain focus), working

memory (mentally holding and manipulating information), and
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cognitive flexibility (multitasking), is thought to be vital to
success in school, vocation, and life (14). Although the ability for
cognitive control involves widespread neural circuitry, it is well
established that the prefrontal cortex is critical for the successful
top-down control of these cognitive processes (13). Our labo-
ratory has previously shown that cognitive control—assessed by
using both behavioral and neuroimaging measures—is associ-
ated with key aspects of physiologic health, including aerobic
fitness and adiposity, among prepubertal children (15, 16). The
extent to which habitual diet plays a role in cognitive control,
however, remains to be discovered.

Studies in rodents and children link poor diet quality to
cognitive impairment on hippocampus-dependent memory tasks
(17–19). Rodents fed diets higher in SFAs and refined sugars
exhibit decrements on memory tasks as well as neurotrophic
factors important for neuronal plasticity and learning (17, 18).
Among children, dietary lipids were shown to be differentially
associated with memory function (19), whereas overall diet
quality was found to be positively correlated with academic
performance among fifth-grade students (20). However, com-
paratively less is known about the relation between dietary fiber
and cognitive control in childhood. Fiber intake is associated
with several beneficial health effects, including reduced risk of
obesity, cardiovascular disease, type 2 diabetes, and colon
cancer (21, 22). Despite these known benefits, 90% of American
children fail to meet their recommended fiber intake (23). This is
concerning because the benefits of dietary fiber extend beyond
chronic disease prevention and may contribute to cognitive
function and brain health as well. Soluble fibers (e.g., pectins,
gums, and mucilages) provide substrates for bacterial fermen-
tation, resulting in end products such as SCFAs. One of these
SCFAs, butyrate, was shown to increase transcripts for brain-
derived neurotrophic factor —a molecule important for neuro-
nal integrity—in the frontal cortex (24). Furthermore, a diet
containing 10% pectins ameliorates pre-depression–associated
sickness behaviors and decreases markers of neuroinflammation
in rodents (10). Insoluble fibers (e.g., lignin, celluloses, and
hemicelluloses) are thought to enhance insulin sensitivity (25),
which may have implications for cognitive health as well.
Therefore, dietary fiber may play a crucial role in not just
physical but cognitive health as well. However, to our knowl-
edge, no previous study has delineated the associations between
total dietary fiber or specific dietary fibers and cognitive control
processes.

The aim of this study was to determine whether dietary fiber
intake is associated with performance on an attentional inhibi-
tion task, which is one aspect of cognitive control requiring
prefrontal cortex function. Given that individuals do not typically
consume single nutrients but rather a combinations of foods (26),
a comprehensive approach of assessing both diet quality (on the
basis of types of foods consumed) and nutrient measures (e.g.,
dietary fiber and FAs) was used. We hypothesized that, after
adjustment for demographic characteristics, fitness, and adiposity,
diet quality and fiber intake would be positively associated with
cognitive control among prepubertal children.

Methods

Participants. Prepubertal children aged between 7 and 9 y (n = 65) were

recruited from a larger randomized controlled trial [FITKids (Fitness
Improves Thinking in Kids)] investigating the effects of a 9-mo

afterschool physical activity program on cognitive function and brain

health among prepubertal children. All data used in the study reported

herein were collected at baseline and thus before the afterschool physical

activity program. Participants were recruited from the East-Central

Illinois region by using mailings, flyers, and informational meetings

targeted at parents of children in the third and fourth grades. Children
were screened for neurological disorders, physical disabilities, psycho-

active medication status, and normal or corrected-to-normal vision.

Data were also collected on 1) intelligence quotient (IQ)5, by using the

Kaufman Brief Intelligence Test (27) or the Woodcock-Johnson Tests of
Cognitive Abilities (28); 2) socioeconomic status (SES) as estimated on

the basis of participation in a school meal-assistance program, maternal

and paternal educational levels, and how many parents work full time;

and 3) pubertal status by using the modified Tanner staging system (29)
The participants provided written assent and legal guardians provided

written informed consent. All procedures followed were in accord with

the ethical standards and the regulations of the University of Illinois
Institutional Review Board.

Diet assessment. Diet was assessed by using the mean of 3-d food

records (2 week days and 1 weekend day). The record was completed by

the child with assistance from the parent. Both child and parent received

instructions on how to correctly fill out the 3-d food record. In addition,
the record contained written instructions for recording food intake

(including how to describe food preparation methods, added fats, brand

names, and ingredients of mixed dishes and recipes). Trained staff

entered food records into the Nutrition Data Systems-Research (Nutri-
tion Coordinating Center) software. Nutrient-level analyses were

conducted by using the intake properties file to determine mean

macronutrient intake. In addition, subcomponents of the macronutrients

were studied, including SFAs, omega-3 (n–3) FAs, and fiber (insoluble,
soluble, pectins). Nutrient intake was normalized to mean intake per

1000 kcal within participants before subsequent analyses. Healthy

Eating Index (HEI)–2005 scores were derived according to a method
described previously (30).

Anthropometric measurements. Height and weight were measured

by using a stadiometer (model 240; Seca) and a Tanita WB-300 Plus

digital scale, respectively. Participants were not asked to fast before the
anthropometric assessment. The mean of 3 measurements of height and

weight were used for the analyses. The 2000 CDC growth charts were

used to determine each child�s BMI-for-age percentile (31). Adiposity

was assessed by DXA by using a Hologic QDR 4500A bone densitom-
eter (software version 13.4.2). The percentage of whole-body fat mass

(%fat mass) was expressed by using the standard software measure of fat

mass adjusted for total mass.

Cardiorespiratory fitness assessment. Maximal oxygen uptake

( _VO2max) was measured by using a modified Balke treadmill protocol

(32). Oxygen consumption was measured by using a computerized
indirect calorimetry system (ParvoMedics True Max 2400) with the

mean for _VO2 and respiratory exchange ratio assessed every 20 s.
_VO2max was based on maximal effort as evidenced by 1) a peak heart

rate $185 beats/min (32) and a heart rate plateau (33), 2) a respiratory
exchange ratio >1.0 (34), 3) a score on the children�s OMNI ratings

of perceived exertion scale >8 (35), and/or 4) a plateau in oxygen

consumption corresponding to an increase of <2 mL � kg21 � min21

despite an increase in workload (32).

Flanker task. A modified Eriksen flanker task was used to assess

attentional inhibition, a subcomponent of cognitive control (36). The
flanker task required attentional inhibition because participants were

asked to respond to a centrally presented target stimulus amid an array

of 4 flanking stimuli. In the modified version of the task used in the

current study, both the target and flanking stimuli were left- or right-
oriented fish. The task consisted of congruent trials in which flanking fish

faced in the same direction as the target fish and incongruent trials, in

which flanking fish faced in the opposite direction of the target fish (37).
Successful performance on the incongruent trials, relative to congruent

5 Abbreviations used: HEI, Healthy Eating Index; IQ, intelligence quotient; SES,

socioeconomic status; _VO2max, maximal oxygen uptake.
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trials, requires cognitive control to suppress the interference presented

by the flanking stimuli. Congruent and incongruent trials were equi-

probable and random. Participants completed 150 trials (75 trials 3 2
blocks). Stimulus duration was 200 ms, with a 1700-ms intertrial

interval. In addition to the standard variables of accuracy and reaction

time, interference scores for response accuracy (congruent 2 incongru-

ent) and reaction time (incongruent 2 congruent) were calculated to
index ability to maintain task performance between the 2 trial types.

Therefore, higher interference scores reflect poorer maintenance of

cognitive control.

Statistical analyses. An a priori power calculation was performed to

determine the appropriate sample size (38). Assuming a medium effect

size (f2 = 0.15), an a set at 0.05, and 80% power, the necessary sample
size required was 55 participants. We examined whether diet quality and

nutrient intake were associated with flanker response accuracy and

reaction time using multiple hierarchical linear regression analyses,

controlling for confounding variables. Confounding variables were
determined by first conducting bivariate correlations (Pearson�s r)
between the participant characteristics (age, sex, SES, pubertal staging,
_VO2max, %fat mass), IQ, and flanker task performance. Variables

found to be significantly correlated with task performance were then
entered in step 1 of the regressionmodels as control variables. HEI scores

and macronutrients of interest (dietary fiber and FAs) were then added to

step 2 of the regression model. The significance of the change in the R2

value between the 2 steps was used to judge the independent contribu-

tion of diet quality and diet measures for explaining variance in task

performance, beyond that of the participant demographic, fitness, and

adiposity variables. This analysis was performed separately for congru-
ent and incongruent trials. The a level was set at 0.05 and statistics were

performed by using SPSS 19 (IBM).

Results

Participant characteristics (demographic and weight status) and
flanker task performance are presented in Table 1. Mean
reaction times were determined after averaging correct trials.
Most (58%) of the participants were of healthy weight, whereas
25% were obese. Participants with low SES constituted 26% of
the sample, and 90%were between Tanner stages 1 and 2. There
were no differences in flanker performance across sex groups.
Table 2 summarizes the means of the diet intake variables
among participants. Participants reported meeting ;51% of
their energy needs from carbohydrates, 14% from proteins, and
35% from fat.

According to bivariate correlations between task performance
and participant characteristics, congruent response accuracy was
positively correlated with age (r = 0.32, P < 0.01) and IQ (r = 0.26,
P = 0.02). Incongruent response accuracy was positively corre-
lated with IQ (r = 0.26, P = 0.02) and _VO2max (r = 0.24, P = 0.03)
and negatively correlated with %fat mass (r = 20.22, P = 0.04).
Response accuracy interference was positively correlated with age
(r = 0.30, P < 0.01) and pubertal stage (r = 0.26, P = 0.02). The
correlation between response accuracy interference and %fat
mass was marginally above the threshold for significance (r =
0.18, P = 0.08). No significant correlations were observed
between reaction time measures and IQ, _VO2max, and %fat
mass. Furthermore, SES and sex were not significantly correlated
with task performance measures.

There were no significant correlations between IQ and diet
variables. Table 3 summarizes bivariate correlations between
task performance and diet variables. Congruent response
accuracy was positively correlated with total dietary fiber (r =
0.23, P = 0.04) and insoluble (r = 0.24, P = 0.03) but not soluble
(r = 0.10, P = 0.21) fiber. Similarly, incongruent response
accuracy was positively related to total (r = 0.33, P < 0.01)

and insoluble (r = 0.35, P < 0.01) fiber but not soluble fiber
(r = 0.14, P = 0.14). However, intake of pectins was also positively
(r = 0.24, P = 0.03) related to incongruent response ac-
curacy. Alternatively, incongruent response accuracy was nega-
tively correlated with dietary cholesterol (r = 20.21, P = 0.05).
Accuracy interference was positively correlated with total fat
(r = 0.23, P = 0.03) and negatively correlated with pectins
(r = 20.21, P = 0.03). HEI-2005 scores were positively related
to incongruent accuracy (r = 0.24, P = 0.03) and negatively re-
lated to response accuracy interference (r = 20.27, P = 0.01).
Bivariate correlations between task performance and diet
variables revealed no significant associations for reaction time
measures.

TABLE 1 Demographic characteristics, weight status, and
flanker task performance among prepubertal children1

Value

Age, y 8.6 6 0.1

IQ 112.2 6 1.7
_VO2max, mL � kg21 � min21 40.9 6 0.8

BMI, kg/m2 18.5 6 0.5

BMI-for-age percentile2 65.4 6 3.7

Weight status,2 %

Underweight 3

Normal weight 58

Overweight 14

Obese 25

Socioeconomic status, %

Low 26

Middle 35

High 39

Pubertal staging, %

Stage 1 91

Stage 2 9

Congruent reaction time, ms 517.7 6 14.4

Congruent response accuracy, % 78.9 6 1.5

Incongruent reaction time, ms 551.7 6 126.3

Incongruent response accuracy, % 71.0 6 1.4

Reaction time interference, % 34.0 6 4.8

Response accuracy interference, ms 7.8 6 0.8

1 Values are means 6 SEs unless otherwise indicated; n = 65. IQ, intelligence

quotient; _VO2max, maximal oxygen uptake.
2 Determined by the 2000 CDC growth charts (31).

TABLE 2 Mean daily dietary intakes among prepubertal chil-
dren (n = 65)1

Value

Energy, kcal/d 1750 6 46.1

Carbohydrate, g/d 224 6 6.3

Protein, g/d 65.0 6 2.1

Fat, g/d 68.2 6 2.4

SFAs, g/d 24.1 6 0.9

Cholesterol, mg/d 210 6 14.7

n–3 FAs, g/d 1.4 6 0.1

DHA, mg/d 47.7 6 16.5

Total dietary fiber, g/d 14.2 6 0.5

Insoluble fiber, g/d 10.0 6 0.4

Soluble fiber, g/d 4.1 6 0.2

Pectins g/d 1.6 6 0.1

Healthy Eating Index–2005 66.4 6 1.0

1 Values are means 6 SEs.
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The stepwise hierarchical regression models predicting task
accuracy are summarized in Table 4. After the inclusion of step
1 variables (age, IQ, _VO2max, %fat mass), the addition of total
dietary fiber at step 2 significantly increased the model R2 and
was positively associated with both congruent (DR2 = 0.05, b =
0.23, P = 0.05) and incongruent (DR2 = 0.10, b = 0.32, P < 0.01)
accuracy. Similarly, the addition of insoluble fiber at step 2
significantly improved the model and was positively associated
with flanker accuracy on both the congruent (DR2 = 0.06, b =
0.26, P = 0.03) and incongruent (DR2 = 0.11, b = 0.35, P < 0.01)
trials. Although addition of total soluble fiber intake did not
significantly improve the models for task performance, the
inclusion of pectins at step 2 indicated a selectively positive
relation with incongruent response accuracy (DR2 = 0.06, b =
0.25, P = 0.04). Figure 1 illustrates the associations between
dietary fiber subcomponents and incongruent response accuracy.
Finally, total FAs were positively associated with response
accuracy interference (DR2 = 0.06, b = 0.24, P = 0.04), whereas
HEI scores were negatively associated with response accuracy
interference (DR2 = 0.08, b = 20.26, P = 0.03).

Discussion

Previous studies have shown that differences in cognitive control
can be observed as a function of aerobic fitness level and

adiposity among prepubertal children (15, 16). However, data
relating dietary components to childhood cognitive control are
limited. The current study provided novel evidence relating diet
intake to cognitive control among prepubertal children. The
major findings were that total dietary fiber was positively
associated with accuracy on an attentional inhibition task.
Specifically, higher daily intake of total and insoluble fibers was
related to accuracy in both the congruent and incongruent trials,
whereas pectin intake was selectively associated with greater
performance on the incongruent trials, necessitating upregula-
tion of cognitive control. Furthermore, overall diet quality was
negatively related to response accuracy task interference, dem-
onstrating that children with higher-quality diets had main-
tained accuracy despite an increase in task demands necessitated
by the incongruent condition, reflecting superior cognitive
flexibility. These data are among the first to indicate that higher
diet quality, specifically fiber intake, may be important for
upregulation of cognitive control when faced with higher
cognitive demands in childhood.

Emerging literature concerning the relation between diet and
cognitive function in childhood has begun to provide a better
understanding of nutrient-brain interactions. Dietary lipids, in
particular, have received considerable attention. Recently, per-
formance on a hippocampus-dependent memory task was
shown to negatively correlate with SFA intake and positively
correlate with n–3 FA intake (19) among 8- to 9-y-olds. On the

TABLE 3 Bivariate correlations between flanker task performance and diet among prepubertal children1

Congruent RT Congruent RA Incongruent RT Incongruent RA RT interference RA interference

Carbohydrates 0.03 0.07 0.03 0.16 0.02 20.16

Proteins 20.09 20.19 20.04 20.13 0.14 20.10

Fats 0.03 0.02 0.01 20.11 20.08 0.23*

SFAs 0.06 0.05 0.03 20.02 20.11 0.13

n–3 FAs 0.04 0.01 0.07 0.02 0.10 20.02

DHA 20.17 20.13 20.10 20.08 0.18 20.10

Cholesterol 20.06 20.17 0.00 20.21* 0.19 0.05

Total dietary fiber 0.11 0.23* 0.09 0.33** 20.05 20.18

Insoluble fiber 0.14 0.24* 0.13 0.35** 0.00 20.20

Soluble fiber 20.01 0.10 20.06 0.14 20.17 20.06

Pectins 0.09 0.12 0.08 0.24* 20.03 20.21*

Healthy Eating Index–2005 0.16 0.08 0.15 0.24* 0.01 20.27*

1 All diet variables were energy adjusted before analysis. *P , 0.05, **P , 0.01 (one-tailed). RA, response accuracy; RT, reaction time.

TABLE 4 Summary of regression analyses for variables predicting flanker response accuracy and
interference among prepubertal children1

Congruent response accuracy Incongruent response accuracy Response accuracy interference

Step and variable b DR2 Model P b DR2 Model P b DR2 Model P

Step 1 — 0.22 0.01 — 0.17 0.04 — 0.15 0.07

Age 0.36* — — 0.22 — — 0.26* — —

IQ 0.29* — — 0.29* — — 0.02 — —

Pubertal stage 0.05 — — 20.06 — — 0.19 — —
_VO2max 0.10 — — 0.19 — — 20.15 — —

%Fat mass 20.07 — — 20.08 — — 0.02 — —

Step 2

Total fiber 0.23* 0.05* ,0.01 0.32* 0.10* ,0.01 20.15 0.02 0.08

Insoluble fiber 0.26* 0.06* ,0.01 0.35* 0.11* ,0.01 20.15 0.02 0.07

Pectins 0.15 0.02 0.01 0.25* 0.06* 0.02 20.17 0.03 0.07

Total fat 20.04 ,0.01 0.02 20.18 0.03 0.04 0.24* 0.06* 0.03

HEI-2005 0.08 ,0.01 0.02 0.23 0.05 0.02 20.26* 0.06* 0.02

1 *P , 0.05. HEI, Healthy Eating Index; IQ, intelligence quotient; _VO2max, maximal oxygen uptake.
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other hand, among a nationally representative sample of 6- to
16-y-olds, lower dietary cholesterol and higher PUFA intakes
were cross-sectionally associated with higher scores on a digit
span task (39). However, intake of SFAs—the primary dietary
determinant of serum cholesterol—was not correlated with
cognitive functioning. Among a large sample of fifth-grade
students, a positive association of overall diet quality (assessed
by using both the Diet Quality-International Index as well as the
HEI-2005) with academic performance was found (20). Al-
though data from the current study found a negative association
between dietary cholesterol and incongruent response accuracy,
this association was not significant after the adjustment of
confounding variables. Furthermore, SFAs, n–3 FAs (including
DHA), and total PUFAs were not related to any of the cognitive
outcomes. However, we observed that total fat intake was
associated with higher task interference, suggesting that children
who consumed higher total fat were less accurate when cognitive
demands were increased, reflecting poorer flexible modulation of
cognitive control. Taken together, it is plausible that a differential
association exists between dietary lipids and specific cognitive
domains, i.e., SFAs may selectively influence hippocampus-

dependent memory tasks whereas cholesterol and total fat may
negatively affect prefrontal cognitive control processes. However,
future studies with a much broader battery of cognitive tasks will
be needed to further characterize these important relations.

The finding that dietary fiber was positively correlated with
cognitive control among prepubertal children is a novel and
important contribution to the current literature. Unlike dietary
lipids, the relation between fiber intake and childhood cognitive
function has received comparatively less attention. This is
surprising given that dietary fiber is associated with superior
glycemic control and insulin sensitivity (40), physiologic pro-
cesses thought to contribute to not just physical but cognitive
health as well. The effects of dietary fiber are likely based on the
chemical structure of the fiber, which may alter function in the
human gut and influence disease risk (41). Insoluble fibers,
which remain undigested and exhibit limited fermentation in the
gastrointestinal tract, are known for their ability to decrease
transit time and constipation (40). On the other hand, increased
intake of soluble fibers, which are resistant to enzymatic
digestion but are highly fermentable, improves glycemic control
and has hypocholesterolemic effects in both nondiabetic and
diabetic individuals (42, 43). Although the effects of different
dietary fibers on markers of cardiovascular health have been
extensively studied, the effects of different fiber types on
cognitive function are yet to be delineated. In the current study,
total dietary fiber was positively associated with task accuracy,
even after adjusting for demographic characteristics, fitness, and
adiposity. This association may be generalized to other cognitive
functions. In fact, our data support this notion because total and
insoluble fiber intake was positively associated with accuracy in
both congruent and incongruent trials. However, intake of
pectin—a soluble and highly fermentable type of fiber—was
found to be selectively and positively associated with accuracy in
the incongruent trials, which require the upregulation of
cognitive control. Therefore, there appears to be a generalized
relation between total and insoluble dietary fiber and cognition,
whereas the effect of pectins is selectively and disproportionately
larger for tasks or task components that require greater amounts
of cognitive (and, in this case, attentional inhibitory) control. As
such, the effect may vary depending on the type of dietary fiber.

Dietary fiber may influence cognitive and brain health
through immunomodulation and/or the gut-microbiota-brain
system. In response to endotoxin-induced sickness behavior,
mice fed pectins as the sole source of fiber had reduced brain IL-
1b and TNF-a (10). Bacterial fermentation end products such as
SCFAs were shown to downregulate proinflammatory cytokines
ex vivo (44) and to increase brain-derived neurotrophic factor
transcripts in the frontal cortex (24). In addition to SCFA
production, soluble fibers—acting as prebiotics—have the
potential to proliferate health-promoting bacteria (45). Recent
advances in gnotobiotics/germ-free mouse models unequivocally
show that the gut microbiota plays a significant role in brain
development and function (46). Sudo et al. (47) showed that
adult germ-free mice have exaggerated activation of the
hypothalamic-pituitary-adrenal (HPA) axis compared with
conventionalized mice (47). Interestingly, this stress response
was completely reversed by inoculation with Bifidobacterium
infantis, demonstrating a key role of the gut microbiota in brain
function. The gastrointestinal tract provides the scaffold for the
endocrine, immune, and neural pathways connecting the gut
microbiome and the central nervous system (48). However, the
influence of specific phylogenetic profiles or gut integrity on
cognitive function has not been directly investigated in children.
Future studies should investigate the functional significance of

FIGURE 1 Partial regression plots (A–D) illustrating the associations

between dietary fiber variables and flanker incongruent response accur-

acy among prepubertal children after adjustment for age, pubertal stage,

intelligence quotient, _VO2max, and percentage of fat mass. _VO2max,

maximal oxygen uptake.
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fiber-induced variation of the gastrointestinal microbiome and
its implications for cognitive and brain health.

Although the current study provides support for the positive
association between dietary fiber and cognitive control, there are
several limitations worth considering. These results are based on
cross-sectional analyses; therefore, we cannot make statements of
causality. In the current interpretation it is assumed that cognitive
control was driven by the diet measures; however, the opposite may
be true, such that higher cognitive control may be implicated in
better dietary choices. Future longitudinal and/or intervention
studies examining the effects of fiber intake on cognitive function
could provide definitive support for the directionality of the
associations observed in the current study. Furthermore, the
addition of fibers to foods during food production renders it
difficult to accurately quantify total fiber intake. This is because
functional fibers—fibers added to foods—are not currently included
in nutrient composition databases. Another limitation is that diet
quality was assessed by using the HEI-2005 and not the HEI-2010.
Therefore, the diet quality outcomes reflect the degree of compli-
ance with the 2005 rather than the 2010 dietary guidelines.
However, there are currently no published procedures for calculat-
ing HEI-2010 scores using Nutrition Data Systems-Research
output. In addition, there remains a large degree of consistency
between the subcomponents used to calculate both indexes. Finally,
without serum or plasmas markers of metabolism and inflamma-
tion or microbiome data, we can only speculate on the possible
mechanisms that may underlie our observations. Nevertheless, the
aforementioned limitations notwithstanding, the strengths of the
current study included the adjustment of several key covariates
known to influence childhood cognitive function (e.g., age, IQ,
pubertal staging, aerobic fitness, and adiposity). Therefore, the
finding that specific dietary components significantly correlated
with attentional inhibition—after adjustment of key covariates—
highlights the importance of assessing diet along with cognitive
control outcomes in future studies.

In conclusion, the current study provides novel evidence relat-
ing dietary components to cognitive control among prepubertal
children. Critically, we demonstrate that diet quality is positively
related to the ability to flexibly modulate cognitive control when
task demands are increased. In addition, a low intake of dietary
fiber is associated with poorer performance on a task tapping into
prefrontal cognitive control function. Given that dietary fiber is a
chronically underconsumed nutrient, the finding that low dietary
fiber intake is associated with poorer childhood cognitive function
raises important public health concerns. On the other hand, these
cross-sectional findings provide preliminary support for future
intervention studies that may aim to optimize cognitive health by
improving dietary fiber intake among pediatric populations.
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