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Dietary lipids are differentially associated with hippocampal-dependent
relational memory in prepubescent children1–4
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ABSTRACT
Background: Studies in rodents and older humans have shown that
the hippocampus—a brain structure critical to relational/associative
memory—has remarkable plasticity as a result of lifestyle factors
(eg, exercise). However, the effect of dietary intake on hippocam-
pal-dependent memory during childhood has remained unexamined.
Objective: We investigated the cross-sectional relation of dietary
components characteristic of the Western diet, including saturated
fatty acids (SFAs), omega-3 (n23) fatty acids, and refined sugar,
with hippocampal-dependent relational memory in prepubescent
children.
Design: Participants aged 7–9 y (n = 52) reported their dietary
intake by using the Youth-Adolescent Food-Frequency Question-
naire and completed memory tasks designed to assess relational
(hippocampal-dependent) and item (hippocampal-independent) mem-
ory. Performance on the memory tasks was assessed with both direct
(accuracy) and indirect (eye movement) measures.
Results: Partial correlations adjusted for body mass index showed
a positive relation between relational memory accuracy and intake
of omega-3 fatty acids and a negative relation of both relational and
item memory accuracy with intake of SFAs. Potential confounding
factors of age, sex, intelligence quotient, socioeconomic status, pu-
bertal timing, and aerobic fitness (maximal oxygen volume) were
not significantly related to any of the dietary intake measures. Eye
movement measures of relational memory (preferential viewing to
the target stimulus) showed a negative relation with intake of added
sugar.
Conclusions: SFA intake was negatively associated with both forms
of memory, whereas omega-3 fatty acid intake was selectively positively
associated with hippocampal-dependent relational memory. These
findings are among the first to show a link between habitual dietary
intake and cognitive health as pertaining to hippocampal function in
childhood. The Fitness Improves Thinking Kids (FITKids) and FITKids2
trials were registered at www.clinicaltrials.gov as NCT01334359
and NCT01619826, respectively. Am J Clin Nutr 2014;99:1026–33.

INTRODUCTION

Physical inactivity and a lack of fitness, key factors contrib-
uting to obesity, have been associated with poorer cognitive
outcomes across species (1–4). However, in school-aged children
without nutritional deficiency or learning disabilities, the liter-
ature regarding the influence of habitual dietary intake on spe-
cific aspects of cognitive function remains equivocal. Rodent
models and studies in older adults suggest that the hippocampus

is a brain structure that is particularly susceptible to structural
and functional modulation by diet, possibly because of its high
metabolic demand and capability for neurogenesis beyond the
gestational period (5–7).

The hippocampus is essential for relational memory, which
refers to the ability to bind together into memory the relations
among constituent elements of experience. This includes in-
formation about the co-occurrences of people, places, and/or
objects and their spatial and temporal context (8, 9)—information
that provides a critical foundation for learning and scholastic
achievement. A diet high in SFAs and refined sugars increases
neural oxidative stress in rats, which results in a decrease in
hippocampal brain-derived neurotrophic factor (BDNF)5 (7).
Low concentrations of BDNF impair synaptic function, re-
sistance of neurons to the effects of stress and disease (10–12),
and hippocampal memory performance (13–16). On the other
hand, omega-3 (n23) fatty acids, particularly DHA, support
synaptic plasticity, cell membrane fluidity, and neuronal me-
tabolism (7, 17–20). In middle childhood, plasma DHA con-
centrations have been shown to relate to neuroelectric
measures of continuous recognition performance (21). How-
ever, omega-3 supplementation studies in children have pro-
vided mixed results (22).

One reason for the mixed findings is that studies have used
variable cognitive assessment techniques, overlooking the po-
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tential neural specificity of nutrient-brain interactions. Therefore,
a critical next step is to identify cross-sectional associations
between nutrients and cognitive processes known to be subserved
by well-defined neural substrates. Thus, the current study ex-
amined cross-sectional relations in prepubescent children be-
tween diet and hippocampal-dependent relational memory and
hippocampal-independent item memory by using both direct
behavioral and indirect eye movement measures. We hypothe-
sized that a higher intake of SFAs and refined sugars would be
negatively associated with relational memory performance and
that intake of omega-3 fatty acids would be positively associated
with relational memory performance.

SUBJECTS AND METHODS

Subjects

Prepubescent children (n = 52) between the ages of 7 and 9 y
from the East-Central Illinois community (Table 1) participated
in the study during the summers of 2011 and 2012 as part of the
larger Fitness Improves Thinking Kids trial. The number of
participants was determined based on recruitment and funding.
All participants provided written assent, and legal guardians
provided written informed consent in accordance with the reg-
ulations of the University of Illinois Institutional Review Board.
Exclusion criteria included neurological or attentional disorders,
physical disabilities, and psychoactive medication status. All
participants had normal or corrected-to-normal vision.

Measures

Memory task

Children completed a memory task designed to assess both
hippocampal-dependent relational memory and hippocampal-
independent item memory (Figure 1). The task, adapted from

Monti et al (23), was divided into 8 study-test blocks, each
designed to test either relational or item memory. Briefly, in the
Relational condition (6 blocks of 6 test trials), participants
studied 18 unique creature-scene pairings. The background
scene was trial-unique, which results in nonoverlapping crea-
ture-scene pairings. After each study block, participants were
tested on 6 probe trials in which they were instructed to find the
creature originally studied with that scene. Each test trial con-
sisted of 1 of the 18 studied backgrounds superimposed with 3
of the creatures studied in that block. One of the creatures had
been studied with that scene and 2 had been studied with other
scenes; familiarity across the 3 creatures was thus matched,
necessitating the use of relational memory (23). Participants
were instructed to press a single response button when they
felt that they knew which creature had been studied together
with that scene. In the Item memory condition (2 blocks of 18
test trials), participants studied 18 creature-scene pairings. In
contrast with the Relational memory condition, the back-
ground scene was the same for all 18 study trials during each
Item block. After the study period, a test phase was presented
in which 3 creatures, 1 studied and 2 novel, were simulta-
neously presented atop the scene. Participants were instructed
to press a single response button when they felt they knew
which creature had been studied. Given that 2 creatures were
novel and 1 studied, the Item condition could be solved by
using familiarity alone—an ability that has been shown to be
independent of the hippocampus (8, 24). Before starting the
task, participants were instructed to minimize head movement
and give their best performance. During the test, children were
cued to remain still or make button press responses if neces-
sary and were given regular positive verbal reinforcement for
following directions, regardless of accuracy.

Stimuli included 216 novel creatures created in Spore Creature
Creator (Electronic Arts Inc; see Figure 1 for examples) and
were presented by using Presentation software (Neurobehavioral

TABLE 1

Behavioral data and participant demographics, weight status, and fitness1

Characteristic Girls (n = 25) Boys (n = 27) All children (n = 52)

Age (y) 8.61 6 0.132 8.70 6 0.11 8.66 6 0.08

IQ 114.92 6 2.34 111.33 6 2.85 113.06 6 1.86

SES [n (%)]

Low 5 (20) 9 (33) 14 (27)

Middle 7 (28) 8 (30) 15 (29)

High 13 (52) 10 (37) 23 (44)

BMI (kg/m2) 17.59 6 0.58 19.35 6 0.80 18.50 6 0.51

BMI-for-age percentile 61.00 6 5.16 73.75 6 5.32 67.62 6 3.79

Underweight, BMI percentile ,5 [n (%)] 1 (4) 1 (4) 2 (4)

Normal weight, BMI percentile #5 and ,84.9 [n (%)] 19 (76) 12 (44) 31 (60)

Overweight, BMI percentile #85 and ,94.9 [n (%)] 2 (8) 6 (22) 8 (15)

Obese, BMI percentile .95 [n (%)] 3 (12) 8 (30) 11 (21)

BMI z score 0.38 6 0.19 0.91 6 0.21 0.66 6 0.14
_VO2max (mL $ kg21 $ min21) 40.26 6 1.15 41.83 6 1.22 41.08 6 0.84

Relational memory accuracy (%) 62.09 6 2.65 64.84 6 2.22 63.51 6 1.71

Item memory accuracy (%) 85.56 6 1.97 87.55 6 1.57 86.59 6 1.25

Relational memory response time, correct trials only (ms) 2304.41 6 100.50 2689.17 6 77.683 2504.19 6 67.88

Item memory response time, correct trials only (ms) 2472.28 6 94.75 2937.40 6 80.443 2713.78 6 69.30

1Weight status was based on the Centers for Disease Control and Prevention BMI-for-age growth charts. IQ, in-

telligence quotient; SES, socioeconomic status; _VO2max, maximal oxygen volume.
2Mean 6 SEM (all such values).
3 Significantly different from girls, P , 0.05 (t tests).
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Systems; http://nbs.neuro-bs.com) on a 21-inch color monitor.
Creatures were presented on black backgrounds and resized to
480 3 480 pixels; 110 color images of real-world scenes mea-
suring 1280 3 1280 pixels and taken by Brand X photography
were used as scene backgrounds.

An Eyelink 1000 eye-tracker (SR Research) was used to record
eye movements. The eye tracker was calibrated immediately
before each test block of the memory task. A desk-mounted gel-
padded chin rest was used to minimize head movement during
eye-tracking data collection. Lists of stimuli presented in the Item
or Relational conditions and target location on test trials were
counterbalanced across participants. In addition, order of study-

test blocks was counterbalanced across participants in the fol-
lowing manner: “Item, Rel, Rel, Rel, Item, Rel, Rel, Rel” or
“Rel, Rel, Rel, Item, Rel, Rel, Rel, Item.”

Nutritional intake assessment

The Youth-Adolescent Food-Frequency Questionnaire (YAQ)
was used to assess dietary intake. The YAQ has been previously
validated for use in 9–18-y-olds (25). The YAQ contains 152
questions pertaining to various foods and dietary habits over the
preceding 1 y. Instructions were for the child and parent to
complete the YAQ together. Questionnaires were analyzed by
the Harvard School of Public Health. Although a comprehensive
diet analysis was performed, only the primary variables of in-
terest (ie, total energy, dietary lipids and carbohydrates) were
included in the statistical analyses to test the proposed hypoth-
eses. Dietary intake data are summarized in Table 2.

Control variables

In addition to the memory measures that were the primary
target of this investigation, data were also collected on other
cognitive functions [intelligence quotient (IQ), inhibition abili-
ties], and demographic variables [socioeconomic status (SES),
BMI, pubertal status, and aerobic fitness] to test for the selectivity
of the dietary effects. BMI values were converted to z scores as
recommended by the US CDC (26). Fluid and crystallized in-
telligence were assessed by using 1 of 2 standardized tests: the
Kaufman Brief Intelligence Test (27) or the Woodcock-Johnson
Tests of Cognitive Abilities (28). Inhibition was measured by
using a modified flanker task (29). SES was estimated based on
household income, participation in a school meal-assistance
program, maternal and paternal education levels, and how many
parents work full time (30). Pubertal status was assessed by
using the Tanner Staging Scales (31). Finally, a maximal oxygen
consumption test ( _VO2max) was used to assess aerobic fitness
(32).

Statistics and data analysis

Eye-movement data were divided into trials in which partic-
ipants correctly selected the matching target and trials in which
participants incorrectly selected a competitor and were analyzed
by using response-locked time courses. Response-locked time
courses of eye-movement data were analyzed by using Accuracy3
Time Window (500-ms windows from 2500 ms before and 2500
ms after behavioral response) repeated-measures ANOVAs using

TABLE 2

Dietary intake based on the Youth-Adolescent Food-Frequency Questionnaire1

Characteristic Girls (n = 25) Boys (n = 27) All children (n = 52)

Energy (kcal) 2020.75 6 115.97 1898.46 6 103.23 1957.25 6 77.05

Fat (g) 70.30 6 4.41 65.31 6 3.86 67.71 6 2.91

Protein (g) 83.35 6 5.08 78.26 6 5.39 80.71 6 3.70

Carbohydrates (g) 270.65 6 16.79 255.05 6 13.97 262.55 6 10.80

SFAs (g) 25.52 6 1.75 23.29 6 1.36 24.36 6 1.10

Omega-3 fatty acids (g) 1.31 6 0.09 1.29 6 0.09 1.30 6 0.06

MUFAs (g) 24.07 6 1.58 22.25 6 1.39 23.12 6 1.05

trans Fatty acids (g) 2.58 6 0.18 2.40 6 0.15 2.48 6 0.12

Total sugars (g) 129.98 6 9.10 111.52 6 5.99 120.40 6 5.50

Added sugars (g) 57.70 6 4.34 54.52 6 3.63 56.05 6 2.80

1All values are means 6 SEMs. No statistically significant differences between boys and girls were observed.

FIGURE 1. Test. A: Single-trial progression in the study (top) and test
(bottom) phases. Durations of each trial component are specified in milli-
seconds. B: Example study and test trials from the Relational condition (top)
and Item condition (bottom).
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Greenhouse-Geisser correction where appropriate (33). Time
courses were quantified by using preferential disproportionate
viewing (PDV), which was defined as the difference in the pro-
portion of time spent viewing correctly selected creatures relative to
the proportion of time spent viewing incorrectly selected creatures
before behavioral response (Figure 2). A priori t tests comparing
viewing with correctly selected creatures relative to incorrectly
selected creatures were corrected for multiple comparisons by us-
ing Bonferroni correction.

Nutrient intake was normalized by average total daily kilo-
calorie consumption within participants (34). Bivariate correla-
tions (Pearson’s r) between the primary variables of interest
were followed by partial correlations that adjusted for the con-
trol variables. All analyses were performed by using SPSS
Statistical version 21 (IBM).

RESULTS

Memory performance

Memory accuracy and response time by sex and in aggregate are
summarized in Table 1. In addition, significant differences in
accuracy (t51 = 15.17, P, 0.001) and response time (t51 = 3.21, P
, 0.002) were found between the Relational and Item conditions.

Eye movement

Response-locked time courses in the Relational memory con-
dition showed significant main effects of accuracy (F1,51 = 22.57, P
, 0.001) and of time window (F4.56,232.97 = 19.34, P, 0.001), but
failed to yield an accuracy 3 time window interaction (F5.59,284.98

= 1.35, P , 0.24; Figure 2). The Relational condition showed
significant PDV emerging before response, beginning during the
1000–500-ms time bin, which was sustained until response. Re-
sponse-locked time courses in the Item condition showed signifi-
cant main effects of accuracy (F1,41 = 24.95, P , 0.001) and of
time window (F5.29,216.92 = 10.03, P , 0.001) but no accuracy 3
time window interaction (F6.05,247.94 = 0.98, P , 0.44). Compar-

isons of individual time points showed significant PDV in the Item
condition emerging 1500–1000 ms before response, continuing
through the 1000–500-ms time bin before response, and then be-
coming nonsignificant in the 500 ms leading up to response when
Bonferroni corrected for multiple comparisons.

Correlations of nutritional intake with relational and item
memory

Bivariate correlations showed a significant positive correlation
between accuracy on the Relational condition and omega-3 fatty
acid intake (r = 0.28, P = 0.04; Figure 3; Table 3). Behavioral
accuracy on both the Relational and Item conditions was neg-
atively correlated with SFA intake [r =20.32 (P, 0.02) and r =
20.32 (P , 0.02), respectively]. Furthermore, PDV in the Item
condition was marginally correlated with SFA intake (r =
20.26, P , 0.07). Measures of total sugar, added sugar, trans
fatty acids, and MUFAs were not significantly related to per-
formance (Table 3). A separate analysis of boys and girls
showed that behavioral correlations were statistically carried by
boys (|r| . 0.44, P , 0.03), with nonsignificant numerical
trends in the same directions for girls (|r| , 0.23, P . 0.27). In
contrast, the eye-movement effect was present in girls (r =
20.47, P , 0.02) but not in boys (r = 0.14, P , 0.95).

Next, to determine whether measures of age, sex, inhibition
abilities, SES, IQ, _VO2max, and BMI z score explained these
correlations, we performed bivariate correlations, 1-factor AN-
OVAs, or t tests, where appropriate, comparing each of these
measures relative to the dietary intake values of interest. Results
showed that the BMI z score was positively related to intake of
trans fatty acids (r = 0.28, P , 0.04), but no other relations were
significant (all |r| , 0.20, P . 0.15), which indicated that they did
not account for a significant portion of the variance observed in
dietary intake. Partial correlations thus included BMI z score as
a factor, but not age, sex, inhibition abilities, SES, IQ, or _VO2max.

Partial correlations of the dietary factors with behavioral memory
accuracy measures, adjusted for BMI z score, showed the same

FIGURE 2. Response locked eye-movement time courses depicting viewing to selected creatures during the test phase of the memory task (n = 52).
The x-axis indicates onset of each 500-ms time bin. The vertical dotted line indicates the timing of behavioral response. Error bars indicate SEMs. Black
asterisks indicate a significant pairwise difference in t tests at P , 0.05 (Bonferroni corrected). Gray asterisks indicate a significant pairwise difference at P ,
0.05 (uncorrected). Gray shading indicates PDV—an eye-movement outcome measure assessed before behavioral response. PDV, preferential disproportionate
viewing.
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pattern of results as the uncorrected correlations: omega-3 intake
was positively correlated with Relational accuracy (r = 0.29, P ,
0.04), and SFA intake was negatively correlated with both Re-
lational (r = 20.31, P , 0.03) and Item (r = 20.30, P , 0.03)
accuracy. Interestingly, adjustment for BMI z score changed the
eye-movement results such that PDV in the Relational condition
was negatively correlated with intake of added sugar (r =20.34, P
, 0.02). No other relations were significant (P . 0.05 for all).

Secondary exploratory analyses examining individual omega-
3 fatty acids showed a positive correlation between intake of
DHA and Relational accuracy (r = 0.32, P , 0.03) and marginal
correlations between intake of EPA and a-linolenic acid with
Relational accuracy (r = 0.27, P , 0.06 and r = 0.27, P , 0.07,
respectively) after adjustment for BMI z score and exclusion of
one outlier in DHA intake.

DISCUSSION

The current study was among the first to examine the effects of
diet on specific aspects of memory in healthy prepubescent
children. The major findings were that dietary intake of omega-3
fatty acids was positively correlated with behavioral accuracy on
a hippocampal-dependent relational memory task and that intake
of SFAs was negatively correlated with behavioral accuracy on
both the relational memory and item memory tasks. Individuals
who had a lower intake of SFAs had marginally greater pref-
erential viewing of previously viewed stimuli (item memory), but
this effect was associated with differences in BMI.

Observed relations between dietary intake and memory per-
formance cannot be attributed simply to greater body weight,
because the behavioral correlations with diet remained even after
adjustment for BMI. A similar effect has been seen in studies in
rodents, where dietary intake of fats or sugars affected cognition
even before weight gain or accumulation of adipose tissue was
evident (35, 36), and the intake of particular nutrients was

FIGURE 3. Scatterplots depicting relations between intake of omega-3 (n23) fatty acids (A and C) and SFAs (B and D) with Relational and Item memory
accuracy (n = 52). Statistical relations were determined by using bivariate correlations (Pearson’s r) with a significance threshold of P , 0.05. Each dietary
intake measure is expressed as milligrams per kilocalorie consumed per day.

TABLE 3

Bivariate correlations between nutrient intake and memory performance1

Relational

accuracy Item accuracy

Characteristic r P r P

Energy (kcal/d) 20.16 0.26 0.02 0.88

Fat (g/d) 20.19 0.18 20.01 0.93

Protein (g/d) 20.16 0.27 0.04 0.78

Carbohydrates (g/d) 20.12 0.39 0.03 0.84

SFAs (mg $ kcal 21 $ d 21) 20.32 0.02 20.32 0.02

Omega-3 fatty acids (mg $ kcal21 $ d21) 0.28 0.04 0.21 0.14

MUFAs (mg $ kcal21 $ d21) 20.15 0.29 20.09 0.55

trans Fatty acids (mg $ kcal21 $ d21) 20.19 0.19 20.04 0.76

Total sugars (mg $ kcal21 $ d21) 20.12 0.38 20.05 0.72

Added sugars (mg $ kcal21 $ d21) 0.03 0.84 0.13 0.38

1Dietary intake was based on self-reported measures on the Youth-

Adolescent Food-Frequency Questionnaire.
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associated with memory impairment among experimental ani-
mals who were matched in weight (37).

The current findings add clarity to previous research on the role
of omega-3 fatty acids in neurodevelopment, because the extant
literature is contradictory. On one hand, several studies have
found a positive relation between intake of omega-3 fatty acids
and verbal learning between 7 and 9 y (38), working memory
between 6 and 16 y (39), and intelligence at 18 y (40). Con-
versely, other studies have failed to observe a significant relation
between omega-3 fatty acid intake and global intelligence at 4 y
(41) or 6–10 y (42, 43). One possibility for the discrepancy in the
literature is that intake of omega-3 fatty acids may preferentially
affect specific cognitive domains and specific brain systems,
such as relational memory, which depends on the hippocampus,
and broader measures such as global intelligence tests may di-
lute positive relations.

Although little developmental work in this area has been
published in animal models (17), the current results further
converge with the adult animal literature in that omega-3 and
saturated fats have been shown to facilitate or impair behavioral
measures of hippocampal memory, respectively (7, 16, 17). For
example, Wu et al (16) showed that adult rats fed feed pellets
supplemented with omega-3 fatty acids showed enhanced spatial
(relational) memory performance relative to animals fed standard
feed pellets. In contrast, rodents consuming diets high in satu-
rated fat and refined sugar have been shown to be impaired in
spatial (relational) memory relative to rats fed control diets (10,
35, 36, 44–47). Similarly, in human adults, a high intake of
saturated fat has been associated with impairments in verbal and
prospective memory (48, 49).

Although the evidence in humans remains limited, several
studies in rodents provide mechanistic support for the differential
association of dietary lipids on hippocampal memory function.
These factors include possible dietary effects on neurobiological
processes such as neurogenesis, insulin signaling, oxidative
stress and neuroinflammation, and maintenance of the blood-
brain barrier. Low amounts of omega-3 fatty acids in a typical
Western diet may interfere with neurogenesis, because omega-3
fatty acids are important for the creation and maintenance of
neuronal plasma membranes (16, 17). Compounding this effect,
a high intake of saturated fats can further reduce the formation
of new neurons potentially through its role in inhibiting the
formation of BDNF (10). Consumption of a high-fat diet may
also increase insulin resistance in the brain (50) and interfere
with hippocampal insulin signaling (5). Exacerbating these
deleterious effects, SFAs have been shown to increase oxidative
damage to neurons (14), increase neural expression of in-
flammation (51), and diminish the integrity of the blood-brain
barrier (5). Conversely, intake of omega-3 fatty acids has been
shown to reduce oxidative stress and inhibit expression of
proinflammatory genes (52). Interestingly these effects may
affect the hippocampus and resulting functionality earlier than
other cortical memory systems (5).

Although one or more of these mechanisms may mediate the
observed relation between dietary intake and memory function,
the current study was limited in its ability to discern among these
factors by lack of biomedical outcomes of metabolic dysregu-
lation. Future studies should consider including measures of
serum BDNF (2), insulin sensitivity (53), neuroinflammation
(54), or oxidative stress (55). Social, personality, and genetic

factors such as parental feeding practices, reward sensitivity, or
BDNF allele status likely also contribute to the current findings
and should be evaluated in future research. An additional limi-
tation of the current study was that children were not required to
fast before participation, so it remains a possibility that food
consumption immediately before participation may have influ-
enced memory performance.

It was surprising that dietary SFA intake was associated with
reduced accuracy in the Item condition (in addition to the Re-
lational condition). One explanation for this effect is that some of
the deleterious effects of dietary saturated fat, such as neuro-
inflammation and oxidative stress, may have broader neural
effects. This perhaps reflects an influence on brain plasticity more
generally. It is worth noting that SFA intake was not correlated
with IQ or performance on an executive function task; as such,
this effect appeared to be specific to the plasticity involved in the
memory domain. This distinction furthermore argues against the
alternative explanation that the observed memory effects can be
explained by reduced motivation secondary to habitual intake of
saturated fat.

Another hallmark of theWestern diet is a high intake of refined
sugars, which were found in the current study to correlate with
reduced PDV in the Relational condition, after adjustment for
BMI. Although it was not clear why this effect emerged only after
body sizewas accounted for, a diet high in refined sugars has been
shown in animal models to cause impairments in learning and
memory independent of body weight (37) and in healthy children
to cause impairments in immediate memory after ingestion of
sugars (56). When taken together with a diet high in saturated fat,
a diet high in refined sugar causes impairments in hippocampal
spatial memory (57). Like saturated fat, the deleterious effects of
high fructose consumption on memory performance can be
counteracted by adequate amounts of omega-3 fatty acids in the
diet (18).

In conclusion, the current study found that prepubescent
children who consumed more SFAs showed impairments in
hippocampal-dependent relational memory and cortical-de-
pendent item memory relative to children who consumed less
SFAs. Conversely, children who consumed a greater amount of
omega-3 fatty acids showed relational memory that was su-
perior to children who consumed a lower amount of omega-3
fatty acids. Given the broad range of reported dietary intake
values and range in outcome of control variables, these results
may be generalized across a broad cross section of children;
however, the cross-sectional design of the current study cannot
provide causal evidence that consuming higher amounts of
omega-3 fatty acids will improve hippocampal-dependent re-
lational memory performance. The major implication of these
findings is that a chronically low intake of omega-3 fatty acids
during development, typical of the Western diet, may not be
sufficient to support optimal functioning of the hippocampus—
a brain region critical for learning and memory. That this in-
fluence can be observed after just a few years of following
these dietary patterns raises concerns for brain health and
the learning capabilities of children consuming a typical
Western diet. Therefore, the public health consequences of
early intervention to improve dietary intake patterns in chil-
dren are of considerable significance. Thus, the current find-
ings underscore the importance of developing healthy eating
habits early in life.
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