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Abstract

Objective: To investigate the cross-sectional associations of dietary carbohydrate
and fatty acid intakes with cognition in mid-childhood.

Design: Dietary carbohydrate and fatty acid intakes were assessed using 4-d food
records, and cognition was evaluated using the Raven’s Coloured Progressive
Matrices (RCPM) score. The cross-sectional associations of dietary carbohydrate
and fatty acid intakes with cognition were investigated using linear regression
analyses adjusted for age, sex, body fat percentage, household income, parental
education and daily energy intake.

Setting: The baseline examinations of the Physical Activity and Nutrition in
Children study.

Participants: A population-based sample of 487 children (250 boys, 237 girls) aged
6-8 years living in the city of Kuopio, Finland.

Results: A higher dietary intake of fructose (standardised regression coefficient,
B=0-24, P<0-001), total fibre (=016, P=0-02) and soluble fibre (f#=0-15,
P=0-02) was associated with a higher RCPM score in boys. Other dietary carbo-
hydrates and fatty acids, including total carbohydrates, glucose, sucrose, starch,
insoluble fibre, total fat, SFAs, MUFAs, PUFAs, palmitic acid (C16), stearic acid
(C18), linoleic acid (C18:2), a-linoleic acid (C18:3), arachidonic acid (C20:4),
EPA (C20:51-3) and DHA (C22:61-6), were not associated with the RCPM score
in boys. Dietary carbohydrates or fatty acids were not associated with the RCPM
score in gitls.

Conclusions: Higher dietary fructose and fibre intakes were associated with better
cognition in boys, but not in girls. Dietary fatty acids were not related to cognition in
boys or in girls.
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Childhood is a period of rapid neural and cognitive devel-
opment? that involves the myelination of various brain
areas®® and the acquisition of higher-order cognitive
abilities to regulate goal-directed activity, emotions and
decision-making®®. A sufficient quantity and quality of
various nutrients, particularly carbohydrates and fatty acids
(FAs), are vital for optimal cognitive development in
children”. The modern era has introduced a poor diet
quality, including a low intake of fibre and a high intake
of refined sugars and SFAs, among children®. A poor diet
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quality may impair neural and cognitive development in
children®!®, but such evidence is limited in general
population of school-aged children without nutritional
deficiencies or learning disabilities" 12,

Glucose is the most studied carbohydrate in association
with cognition, as it is the main source of energy for brain
cells"?. The results of previous studies indicate that
increased blood glucose after breakfast improves attention,
memory and information processing in preadolescent
children™. A higher total dietary fibre intake has been
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associated with better verbal memory"®, and higher
dietary intakes of soluble and insoluble fibres have been
linked to better selective attention and inhibition!’
preadolescent children. Furthermore, a recent cross-
sectional study found that a lower dietary intake of simple
carbohydrates and a higher dietary intake of fibre were
associated with better cognition in preadolescent chil-
dren’”. However, most of the existing studies on the
associations of dietary intakes of carbohydrates with cogni-
tion have only assessed blood glucose levels after
meals!®19 Moreover, evidence on the associations of
dietary intakes of other carbohydrates with cognition,
particularly in children, is limited>19,

A higher dietary intake of SFAs and trans-FAs and a
lower dietary intake of 7-3 PUFAs have been related to
poorer cognition in some®” but not all?? cross-sectional
studies among children. A meta-analytic study exhibited
that 7-3 FA supplements improved cognition in infants
but not in older children®”. However, recent dietary‘®®
and supplementary®® intervention studies suggest that
increased intakes of 7-3 and #n-6 PUFAs, and especially
increased intakes of EPA and DHA, are linked to improved
cognitive skills in children 8-11 years of age. Nevertheless,
there is limited knowledge on the associations of dietary
intakes of other FAs than EPA and DHA with cognition.

We investigated the association of dietary intakes of
carbohydrates and FAs with cognition in a population
sample of school children aged 6-8 years. We hypothes-
ised that higher intakes of fibre and PUFAs and lower
intakes of SFAs and refined carbohydrates are related to
better cognition in children.

in

Methods

Study population and design

The present analyses are based on the baseline data from
the Physical Activity and Nutrition in Children (PANIC)
study, which is a controlled physical activity and dietary
intervention study in a population sample of children from
the city of Kuopio, Finland. We invited 736 children, 6-9
years of age, who started the first grade in sixteen primary
schools of Kuopio in 2007-2009 to participate in the study.
Altogether 512 children (248 girls, 264 boys), who
accounted for 70 % of those invited, participated in the
baseline examinations in 2007-2009. The participants did
not differ in age, sex or BMI-sD score from all children
who started the first grade in the city of Kuopio in
2007-2009 based on the data from standard school health
examinations performed for all Finnish children before the
first grade. After excluding children with developmental
disabilities and attention-deficit hyperactivity disorder,
487 (237 girls, 250 boys) children had complete data used
in the analyses.
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Assessment of dietary intakes of carbobydrates
and fatty acids

We assessed energy and nutrient intakes by food records
filled out by the parents on four predefined consecutive
days®. Of the food diaries, 99-5 % included two weekdays
and two weekend days, and 0-5 % included three weekdays
and one weekend day. A clinical nutritionist instructed the
parents to record all food and drinks consumed by their
children at home, at school, in afternoon care and elsewhere
outside home using household or other measures, such as
tablespoons, decilitres and centimetres. She reviewed the
food records at return and completed the records with the
parents using a picture booklet of portion sizes?®, if needed.
A clinical nutritionist also asked the catering company about
the details of food and drinks, such as menus, cooking fat
and spread on bread, served at schools and in afternoon
care. Moreover, she disaggregated all prepared foods and
mixed dishes into ingredients according to the recipes used.
We calculated total energy and nutrient intakes from the
collected food record data using the Micro Nutrica® dietary
analyses software, version 2.5 (The Social Insurance
Institution of Finland), that utilises Finnish and international
data on nutrient concentrations of foods”.

The current analyses include the daily intakes of energy
(K)), total carbohydrates, glucose, fructose, sucrose, starch,
total fibre, soluble fibre, insoluble fibre, total fat, SFAs,
MUFASs, PUFAs, palmitic acid (C16), stearic acid (C18), lino-
leic acid (C18:2), a-linoleic acid (C18:3), arachidonic acid
(C20:4), EPA (C20:5n-3) and DHA (C22:61-6).

Assessment of cognition

We assessed nonverbal reasoning using Raven’s Coloured
Progressive Matrices (RCPM)®® that was administered by
one trained researcher. The RCPM includes three sets of
twelve items. Each test page includes a large item or a pat-
tern of items and six small items. The children were asked
to select the correct small item, which completes the large
item or the set of items. The test score was the number of
correct answers, ranging from 0 to 36.

Assessment of body size and composition

A research nurse twice measured the body weight of
children — first, after fasting for 12 h and, second, after emp-
tying their bladder and standing in light underwear — using
a calibrated InBody 720® bioelectrical impedance device
(Biospace, Seoul, Korea) to an accuracy of 0-1 kg. We used
the mean of these two values in the analyses. A research
nurse thrice measured the stature of children in the
Frankfurt plane without shoes using a wall-mounted
stadiometer to an accuracy of 0-1 cm. We measured body
fat percentage and lean body mass using the Lunar®
dual-energy X-ray absorptiometry device (GE Medical
Systems)?>%,
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Other assessments

The parents were asked to report their annual household
income (30000 €, 30001-60000 €, and 60001 €) and
their highest completed or ongoing educational degrees
(vocational school or less, polytechnic and university) in a
questionnaire. We used the educational degree of the more
educated parent in the analyses. The parents were also asked
to report the medically diagnosed developmental disorders
and attention-deficit hyperactivity disorder of their children.

Statistical methods

We analysed the data using the statistical software package
IBM SPSS Statistics version 21.0 (IBM Corp.). We used the
Student’s ttest and the y? test to compare basic characteristics
between boys and girls, and multivariate linear regression
analyses adjusted for age, sex, body fat percentage, house-
hold income, parental education, total physical activity and
daily energy intake to investigate the associations of dietary
intakes of carbohydrates and FAs with the RCPM score.
Because the results of previous studies suggest that the
associations of the components of diet quality with cognition
are stronger in boys than in girls'", we conducted the
analyses separately for boys and girls. However, we per-
formed the analyses also for all children, because sex did
not statistically significantly modify the associations of the
measures of diet quality with the RCPM score (P> 0-05 for
interactions).

Results

Basic characteristics

Boys were taller, had lower body fat percentage and came
from families with higher annual household income com-
pared to girls (Table 1). Boys had a higher daily energy
intake and higher intakes of total carbohydrates, sucrose,
starch, total fibre, insoluble fibre and total fat compared

Table 1 Characteristics of children*
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to girls. Boys also had higher intakes of most FAs, except
EPA and DHA, compared to gitls (Table 2).

Associations of dietary carbobydrate and fatty
acid intakes with cognition

In all children, a higher intake of fructose was associated
with a higher RCPM score (adjusted 72 = 0-049) after adjust-
ing for age, sex, body fat percentage, household income,
parental education, total physical activity and daily energy
intake (Table 3). This association was slightly weakened
after further adjusting for the consumption of fruit and
berries (f=0-11, P=0-100). None of the dietary FAs was
associated with the RCPM score in all children.

In boys, higher intakes of fructose (adjusted 7* = 0-045),
total fibre (adjusted 7 =0-011) and soluble fibre (adjusted
7»=0-012) were related to a higher RCPM score after
adjusting for age, body fat percentage, household income,
parental education, total physical activity and daily energy
intake (Table 3). A further adjustment for the consumption
of fruit juices (f=0-15, P=0-02; adjusted 7*=0-025)
strengthened the association of soluble fibre with the
RCPM score. Similarly, a further adjustment for the con-
sumption of high-fibre bread (f#=0-21, P=0-01; adjusted
7 =0-015) or fruit juices (B=0-16, P=0-02; adjusted
r?=0:025) strengthened the association of the intake of
total fibre with the RCPM score. However, adjustment for
the consumption of fruit and berries (f = 0-19, P=0-040)
or fruit juices (f=0-23, P=0-000) slightly attenuated the
association of the intake of fructose with the RCPM score.
Similarly, further adjustment for the consumption of fruit
and berries (#=0-07, P=0-37) or vegetables (f#=0-12,
P =0-08) attenuated the association of the intake of total
fibre with the RCPM score. Further adjustment for the
consumption of fruit and berries (= 0-03, P=0-72), vege-
tables (=011, P=0-12) or high-fibre bread (f#=0-16,
P =0-03) attenuated the association of the intake of soluble

https://doi.org/|

All (n 487) Boys (n 250) Girls (n 237)
P value for

Variables Mean n % SD Mean n % SD Mean n % sD difference
Age (years) 7-6 0-37 0-37 7-6 0-39 0-23
Height (cm) 128.7 5.6 129-6 5.5 127-8 5.6 0-001
Weight (kg) 269 51 272 4.9 26-5 51 0-10
Total physical activity (min/d) 158 5.9 16-2 6-1 155 5.7 0-24
Body fat percentage 187 82 15.0 8.0 205 77 0-001
Household income 0-02

<30000 € 19-6 171 22.3

30000-60 000 € 41.9 39-0 45.0

>60000 € 35-8 40-2 311
Parental education 0-10

Vocational school or less 19.2 199 18:5

Polytechnic 44-0 371 51.3

University degree 35-6 414 294
RCPM score 239 5.1 238 5.2 241 4.9 0.57

RCPM, Raven’s Coloured Progressive Matrices.

*Data are means (sp’s) from the Student’s ¢ test for continuous variables, and numbers (percentages) from the 42 test for categorical variables.
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Table 2 Energy and nutrient intakes in children*
All (n 487) Boys (n 250) Girls (n 237)
P value for
Variables Mean sSD Mean SD Mean sD difference
Energy intake (KJ/d) 6802.4 1297.2 7152.5 1299.7 6433.2 1190.1 <0-001
Carbohydrate intake (g/d)
Total carbohydrate 210-2 45.7 219-6 47-6 200-3 414 <0-001
Sucrose 51.2 19-8 53-5 21.3 48.7 17.7 <0-001
Glucose 11-3 5.0 11.7 5.3 11-0 4.6 0-12
Fructose 9-6 4.8 9.7 5.2 95 4.4 0-75
Starch 96-2 23-8 101-0 25.2 91-1 21-0 <0-001
Fibre intake (g/d)
Total fibre 14.2 41 146 4.3 138 3-8 0-04
Soluble fibre 33 1.0 34 1.0 32 09 0-20
Insoluble fibre 6-3 2.0 6-5 21 6-0 1-8 0-006
Fat intake (g/d)
Total fat 54.6 14.9 57-8 14.5 51-1 14.5 <0-001
SFAs 221 71 23-4 6-9 207 71 <0-001
MUFAs 181 51 192 5.0 169 5.0 <0-001
PUFAs 89 2.8 95 30 8-3 2:6 <0-001
Palmitic acid (C16) 9-0 31 9-6 31 84 31 <0-001
Stearic acid (C18) 41 1.6 4-4 1-6 37 1.5 <0-001
Linoleic acid (C18:2) 6-6 24 70 2.5 6-1 2.3 <0-001
a-Linoleic acid (C18:3) 1.4 0-5 1.5 0-5 1.3 0-4 <0-001
Arachidonic acid (C20:4) 0-09 0-1 0-1 0-1 0-08 0-1 <0-001
EPA (C20:5n-3) 0-04 0-1 0-04 0-1 0-03 0-1 0-14
S DHA (C22:6n-6) 0-1 0-1 0-1 0-1 0-1 0-1 0-11
) *Data are means (sD’s) from the Student's t test.
C
5
Z Table 3 Association of dietary intakes with the RCPM score
c All children Boys Girls
ﬁ
8 Variables p P p P p P
T Daily carbohydrate intake (g/d)
Total carbohydrate 0-15 0-09 0-21 0-10 0-07 0-55
= Glucose 0-06 0-23 0-11 013 0-002 097
e Sucrose 0-04 0-50 —-0-002 0-98 0.08 0-33
= Fructose 0-14 0-002 0-24 0-000 0-03 0-57
oo Starch —0-02 072 —0-02 0-81 0-02 0-79
Daily fibre intake (g/d)
Total fibre 0-08 0-08 0-16 0-02 —0-004 0-95
Soluble fibre 0-07 013 015 0-02 —0-02 077
Insoluble fibre 0-02 0-58 0-08 0-21 —0-05 0-40
Daily fat intake (g/d)
Total fat -0-104 0-14 —0-18 0-05 —-0-006 0-96
SFAs -0-12 0-07 —0-09 0-16 0-04 0-68
MUFAs —0-06 0-35 -0-11 0-19 —0-005 0-96
PUFAs —0-02 0-61 —0-01 0-88 0-04 0-55
Palmitic acid (C16) —0-08 0-19 -0-16 0-06 0-003 0-97
Stearic acid (C18) -0-07 0-19 -0-11 0-14 —0-04 0-52
Linoleic acid (C18:2) —0-02 0-72 —0-01 0-86 0-01 0-85
a-Linoleic acid (C18:3) 0-02 0-68 0-05 0-46 —0-02 072
Arachidonic acid (C20:4) -0-07 0-13 -0-04 0-55 -0-10 0-12
EPA (C20:5n-3) 0-02 0-61 0-07 0-28 —0-02 073
DHA (C22:6n-6) 0-02 0-66 0-08 0-20 —0-04 0-51
The values are from linear regression models after adjustment for age, sex, body fat percentage, household income, parental education, total physical
activity and daily energy intake. P-values <0-05, indicating statistically significant associations, are bolded.
fibre with the RCPM score. None of the dietary FAs was Discussion
related to the RCPM score in boys.

In girls, the intakes of carbohydrates or FAs were not We found that higher dietary intakes of fructose, total fibre
associated with the RCPM score after adjusting for age, body and soluble fibre were associated with better cognition in
fat percentage, household income, parental education, total boys but not in girls. However, dietary FAs were not related
physical activity and daily energy intake (Table 3). to cognition in boys or in girls.

https://doi.ofg/10.1017/51368980019003860 Published online by Cambridge University Press


https://doi.org/10.1017/S1368980019003860

Public Health Nutrition

o

https://doi.org/|

Dietary intakes and cognition among children

Our finding on the association between a higher dietary
intake of fructose and better cognition in boys is in contrast
to previous observations on an inverse association
between dietary fructose and cognition in adults®”. One
reason for these contrasting findings may be that a higher
intake of fructose from refined sugars may impair cognitive
performance, whereas a higher intake of fructose from
natural sources, such as fruits, vegetables and grain
products, may be neuroprotective and support cognitive
functions®'33. We previously observed in the present
study population that carbohydrates were mainly obtained
from low-fibre grain products, and the main sources of fibre
were high-fibre bread and vegetables® and that fruit and
fruit juice consumption was directly related to cognition?.
Natural sources of fructose, such as fruits, include also other
neuroprotective nutrients, such as B vitamins and antioxi-
dants, which may partly explain these observations®*33.
Accordingly, we found that the consumption of fruit and
berries partly explains the positive association between
dietary fructose and the RCPM score.

Our observation on the positive associations of dietary
total and soluble fibres with cognition in boys is in accor-
dance with few previous findings in children®® and in
older adults®”. We previously found that a higher
consumption of high-fibre grain products is related to
better cognition in children™?. A higher intake of fibre
may support normal cognitive development, because it
was found to amplify the effect of neuroprotective
brain-derived neurotrophic factor®, A higher dietary fibre
intake has also been associated with a decreased concen-
tration of neuroinflammatory markers, such as IL-1p and
TNF-q, in the brain®®.

We found positive associations of dietary fructose and
fibre with cognition in boys but not in girls. The results
of some previous studies suggest that dietary factors have
a stronger effect on brain development in boys than in
girls737. Isaacs and co-workers observed that a higher
use of protein-enriched formula during infancy is associ-
ated with a larger volume of caudate nucleus and intelli-
gence quotient in adolescence among boys but not
among girls”. The explanation of these sexually dimorphic
findings is not known, but they may relate to differences in
the stage and rate of neural maturation between boys and
gitls™. However, few studies have reported their data in
boys and girls separately. Therefore, further studies on
sex differences in the associations of dietary factors with
cognition are warranted.

We observed no associations of dietary glucose, sucrose,
starch or insoluble fibres with cognition in children. One
explanation may be that different carbohydrates have vary-
ing effects on diverse types of cognition. Papanikolaou and
co-workers found that a carbohydrate-rich meal with a high
glycaemic index is associated with deterioration in verbal
memory but not working memory, measured by a digit span
test, among adults®®. Another study in children showed that
working memory was poorer after consuming a meal with a
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high glycaemic index than after a meal with a low glycaemic
index"®. However, neither of these meals had effects on
sustained attention*®,

We found no statistically significant associations of
dietary FAs with cognition in children. Our observations
are in line with those of some previous studies that
dietary intake or supplementation of FAs had a weak, if
any, association with cognitive performance in well-
nourished children with no psychological or reading
disabilities122#3%40 1t is possible that the intake of
FAs® and the proportion of plasma FAs“" among chil-
dren in our study was adequate to support normal develop-
ment of cognition©4?,

The other reason for no associations of dietary FAs with
cognition in the present study may be that dietary FAs have
different impacts on various cognitive domains. The dietary
intake of 7-3 FAs has been directly associated with rela-
tional memory, but not with item memory in children®®,
Furthermore, the dietary intake of SFA has been inversely
associated with relational and item memory in children
aged 7-9 years®®3 The reason for these observations
may be that PUFAs, such as 7-3 FAs, have a pronounced
positive effect on cognitive functions that are regulated
in the hippocampus, such as relational memory, whereas
SFAs have more global negative effects on memory“?.

The strengths of the present study include a relatively
large population sample of children and valid methods
used to assess dietary factors and cognition. The parents
were asked to record all food and drinks consumed by their
children at home, at school, in afternoon care and else-
where outside home on four predefined and consecutive
days, including two weekdays and two weekend days,
which provides a better view on overall nutrition than using
weekdays only. Moreover, a clinical nutritionist reviewed
the food records at return and completed the records with
the parents using a picture booklet of portion sizes®®, if
needed. Our analyses are based on cross-sectional data,
and we, therefore, cannot provide evidence for a causal link
between dietary factors and cognition. We neither had dietary
data from infancy or early childhood, which are important
phases of cognitive development® and could, therefore,
have an effect on our results. Furthermore, it would have been
optimal to use multiple cognitive tests to study the associa-
tions of dietary factors with different aspects of cognition.

In conclusion, higher dietary intakes of fructose, total
fibre and soluble fibre were associated with better cogni-
tion in boys 6-8 years of age. However, dietary fats were
not associated with cognition in children. These findings
suggest that increasing the consumption of fruit and fruit
juices, which are natural sources of fructose, and high-fibre
food products, such as grain products, may support normal
cognition in boys. Longitudinal studies and optimal dietary
intervention studies are needed to provide further evidence
for the role of dietary carbohydrates and fats in cognition to
investigate whether gender modifies the associations of
dietary factors with cognition.
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