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Abstract
Background and Objective: We investigated the effects of a combined dietary 
and PA intervention on cognition in children and whether changes in diet qual-
ity, PA, sedentary behavior (SB), and sedentary time (ST) are associated with 
changes in cognition.
Methods: We conducted a 2- year nonrandomized controlled trial in 504 children 
aged 6– 9 years at baseline. The children were allocated to a combined dietary and 
PA intervention group (n = 237) or a control group (n = 160) without blinding.
Interventions: The children and their parents allocated to the intervention 
group had six dietary counseling sessions of 30– 45 min and six PA counseling 
sessions of 30– 45 min during the 2- year intervention period. The children were 
also encouraged to participate in after- school exercise clubs. Cognition was as-
sessed by the Raven's Colored Progressive Matrices. We assessed dietary factors 
by 4 days food records and computed the Baltic Sea Diet Score (BSDS) as a meas-
ure of diet quality. PA and ST were assessed by a combined heart rate and body 
movement monitor, types of PA and SB by a questionnaire.
Results: The intervention had no effect on cognition. Increased BSDS and con-
sumption of low- fat milk and decreased consumption of red meat and sausages 
were associated with improved cognition over 2 years. Increased organized sports, 
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1  |  INTRODUCTION

Children typically have a higher intake of saturated fat 
and sucrose and lower consumption of vegetables than 
recommended.1,2 Furthermore, less than half of school- 
aged children accumulate the recommended 60 min of 
moderate- to- vigorous physical activity (PA) daily and 
spend most of their day in sedentary behaviors (SB).3 
These observations are alarming as a healthy diet and suf-
ficient levels of PA may be vital for optimal cognitive de-
velopment in children.4,5

Overall diet quality, the consumption of fish, vegeta-
bles, fruit, berries, and high- fiber grain products,2,6 and 
PA have been positively associated with cognition and 
academic achievement in observational studies among 
children.5 However, few studies have investigated the 
effects of dietary interventions on cognition, and the ef-
fects of those studies have been weak at the best.7,8 PA in-
terventions may improve cognition in children,5 but the 
evidence is still equivocal.9 Because of these inconsistent 
results from intervention studies, it has been suggested 
that multi- domain lifestyle interventions combining diet 
and PA confer larger beneficial effects on cognition than 
interventions focused only on diet or PA.7 We have previ-
ously shown that a 2- year combined dietary and PA inter-
vention improved several factors potentially contributing 
to cognitive development,2 such as diet quality,10 PA,10 and 
cardiometabolic health11,12 in a general population of chil-
dren. However, there are no previous studies on the long- 
term effects of combined dietary and PA interventions on 
cognition in general populations of children.

We investigated the effects of a 2- year combined di-
etary and PA intervention on cognition in a population 
sample of school- aged children. However, intervention 
is only one factor that may influence cognitive develop-
ment in children. Changes in diet quality, PA, and SB may 
also occur independently of the intervention, which could 
also affect the changes in cognition. Therefore, we also 
assessed the longitudinal associations of changes in diet 
quality and PA with changes in cognition over 2 years.

2  |  METHODS

A brief description of methods is provided below. A de-
tailed method description is provided in supplemental 
material.

2.1 | Study population

The current analyses are based on data from the Physical 
Activity and Nutrition in Children (PANIC) Study (Clini 
calTr ials.gov NCT01803776), which is an ongoing com-
bined dietary and PA intervention study in a population 
sample of school- aged children from the city of Kuopio, 
Finland.11 The PANIC study protocol was approved by 
the Research Ethics Committee of the Hospital District of 
Northern Savo. The parents or caregivers of the children 
gave their written informed consent, and the children also 
provided their assent to participation.

A total of 736 children of 6– 9 years age from primary 
schools of Kuopio were invited to participate in the base-
line examination of PANIC study in 2007– 2009. Altogether, 
512 children (70% of those invited) attended the baseline 
examinations (Figure 1). The participants did not differ in 
age, sex, or body mass index standard deviation score from 
all children who started the first grade in 2007– 2009 based 
on data from the standard school health examinations 
performed for all Finnish children before the first grade. 
Eight children were excluded because of either disability 
or withdrawal from the study. The remaining 504 children 
were divided in the intervention group (n = 306) and the 
control group (n = 198) (see Appendix  S1). Altogether, 
440 children (87% of those participating in baseline ex-
aminations) attended in the 2- year follow- up examina-
tions. A total of 504 children (198 in control group and 
306 in intervention group) from baseline examination and 
435 children (176 in control group and 259 in interven-
tion group) from 2- year follow- up examinations, who had 
complete data on diet, PA, and cognition were included in 
the current analyses.

ST, and reading were positively, while unsupervised PA, computer use, and writ-
ing were negatively associated with cognition.
Conclusion: Combined dietary and PA intervention had no effect on cognition. 
Improved diet quality and increased organized sports and reading were associ-
ated with improved cognition.

K E Y W O R D S

brain, exercise, lifestyle, nutrition, pediatrics
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2.2 | Dietary and physical activity 
intervention

The children and their parents allocated to the interven-
tion group had six dietary counseling sessions of 30– 45 min 
and six PA counseling sessions of 30– 45 min during the 2- 
year intervention period.11 The dietary and PA counseling 
sessions occurred at 0.5, 1.5, 3, 6, 12, and 18 months after 
baseline. Authorized clinical nutritionists and specialists 
in exercise medicine of the PANIC study gave detailed and 
individualized advice on how to enhance diet quality, in-
crease PA, and decrease SB. The children and their fami-
lies also received fact sheets on diet quality, PA, and SB, 
verbal, and written information on opportunities to exer-
cise in the city of Kuopio, and some financial support for 
PA, such as exercise equipment and admission for indoor 
sports. The children were also encouraged to participate 
in after- school exercise clubs organized by the PANIC 
study and supervised by trained exercise instructors. In 

the exercise clubs, the children had an opportunity to en-
gage in variety of PAs. The children and their parents in 
the control group received general verbal and written ad-
vice on health improving diet and PA at baseline but no 
active intervention.

2.3 | Assessment of cognition

At the baseline and 2- year follow- up examinations, non- 
verbal reasoning skills were used as a measure of cogni-
tion and were assessed by Raven's Colored Progressive 
Matrices (RCPM)13 that were administered by trained 
researchers. The RCPM require the ability to find simi-
larities, differences, and discrete patterns and do not 
depend on acquired knowledge or language skills. The 
RCPM include three sets of 12 items. Each test page in-
cludes a large item or a pattern of items and six small 
items. The child was asked to select the correct small 

F I G U R E  1  Flow chart of the study.
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item, which completes the large item or the set of items. 
The test score was the number of correct answers, rang-
ing from zero to 36. The RCPM has been suggested to 
represent all- core components of executive functions14 
and has been found to be reliable with moderate to high 
Kuder– Richardson reliability coefficient (>80) in chil-
dren aged 6– 12 years.15

2.4 | Assessments of dietary factors

The consumption of foods and the intake of nutrients 
were assessed using 4 day food records.16 The Baltic Sea 
Diet Score (BSDS) was used as an indicator of overall diet 
quality and was calculated using the quartiles (Q1– Q4) of 
the consumption of fruit and berries (scored 0– 3), vegeta-
bles (0– 3), high- fiber grain products (0– 3), low- fat (<1%) 
milk (0– 3), fish (0– 3), red meat and sausages (reversed 
0– 3), the ratio of polyunsaturated fatty acids (PUFA) and 
saturated fatty acids (SFA) (0– 3), and total fat intake (% 
energy intake) (reversed 0– 3) as described previously.17 
BSDS ranged from 0 to 18, a higher score indicating better 
overall diet quality.

2.5 | Assessment of physical activity and 
sedentary behavior

Sedentary time (ST), light (LPA), moderate PA (MPA), 
and vigorous PA (VPA) were assessed at baseline and 
2- year follow- up using individually calibrated combined 
heart rate and body movement monitor (Actiheart, 
CamNtech Ltd) described in detail earlier18,19 and in 
the Supplemental material. Briefly, the children were 
asked to wear the sensor continuously for a minimum 
of 4 days (including sleep and water- based activities) 
without changing their usual behavior. Data on heart 
rate were cleaned and individually calibrated with 
parameters from the maximal exercise test and com-
bined with movement sensor data to derive PA energy 
expenditure (PAEE). Instantaneous PAEE, that is, PA 
intensity, was estimated using branched equation mod-
eling and summarized as daily PA volume (kJ/day/kg) 
and time spent at certain levels of standard metabolic 
equivalents of task (METs) in minutes per day.18,19 
Thereafter, LPA, MPA, and VPA were defined as time 
spent at intensity >1.5 and ≤4.0 metabolic equivalents 
of task (METs), >4.0 and ≤7.0 METs and >7.0 METs, 
respectively, where one MET is defined as an energy 
expenditure of 71 J/kg−1/min−1 or oxygen uptake of 
3.5 mL/kg−1/min−1. Moderate- to- vigorous PA (MVPA) 
was calculated by summing MPA and VPA. ST was de-
fined as the time spent at intensity ≤1.5 METs, excluding 

sleep. Combined heart rate and movement sensing has 
been found to be more accurate in estimating PA energy 
expenditure than either method alone in children,20,21 
explaining 86% of variance in PAEE variance.21

Total PA and time spent in different types of PA and 
SB during a usual week were assessed by the PANIC 
Physical Activity Questionnaire filled out by the par-
ents.22 The types of PA included organized sports, or-
ganized exercise other than sports, unsupervised PA, 
physically active school transportation including walk-
ing and bicycling and recess PA. The types of SB in-
cluded watching TV and videos, using a computer, and 
playing video games, using a mobile phone and playing 
mobile games, listening to music, playing a musical 
instrument, reading, writing, drawing, doing arts and 
crafts, playing board games, and resting. PA question-
naires with a similar structure to the PANIC Physical 
Activity Questionnaire, such as the Youth Physical 
Activity questionnaire, have shown good short– term re-
peatability over 4 days with an intraclass correlation of 
0.86– 0.92.23

2.6 | Statistical methods

Statistical analyses were performed using the IBM SPSS 
statistics for Windows, version 25.0 (IBM Corporation). 
In all analyses, differences and associations with p- values 
<0.05 are considered statistically significant. Basic char-
acteristics between boys and girls were compared using 
the Student's t- test for continuous variables and the chi- 
square test for categorical variables.

The effects of the intervention on the RCPM score 
and the longitudinal associations of total BSDS and BSDS 
components, including red meat and sausages, fruit and 
berries, vegetables, high- fiber (≥5%) grain products, fish, 
PUFA- SFA ratio, total fat, and milk (<1% fat), TPA, LPA, 
MVPA, VPA, ST, media time (screen time), reading time, 
writing time, and computer use time with the RCPM score 
were analyzed using linear mixed- effects models adjusted 
for age, sex, parental education, household income, and 
BF% at baseline and pubertal status at 2- year follow- up. 
Please see supplemental material for detailed description 
of statistical analyses.

3  |  RESULTS

3.1 | Basic characteristics

There were no differences in baseline characteristics be-
tween the groups, except that household income was higher 
in the intervention group than in the control group (Table 1). 
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Moreover, children in the control group spent more time 
using computer and writing at baseline than those in the 
intervention group (Table 2). Furthermore, children in the 
accumulated more total PA and a higher BSDS, the ratio of 
PUFA to SFA, and the consumption of low- fat (<1%) milk 
after the 2 years than those in the control group (Table 2).

3.2 | Effect of combined dietary and 
physical activity intervention on cognition

There were no differences in the RCPM score between 
the control and intervention groups at baseline or at 
2 years (Table  1). Moreover, the combined dietary and 
PA intervention had no effect on the RCPM score over 
2 years after adjustment for age, sex, and BF% at baseline 
and pubertal status at 2- year follow- up (regression coeffi-
cient β = 0.73, p = 0.75 for study group*time interaction).

3.3 | Associations of changes in diet 
quality and cognition over 2 years

BSDS and the consumption of low- fat (<1%) milk were 
directly and the consumption of red meat and sausages 
was inversely associated with the RCPM score over 2 years 
after adjustment for age, sex, BF%, parental education, 
and household income at baseline and pubertal status at 
2- year follow- up (Table  3). Other components of BSDS 
were not associated with the RCPM score over 2 years. 
The within- subject and between- subject effects of BSDS 
on the RCPM score were statistically different from each 
other (Table 4). Moreover, the within- subject effect of the 
consumption of red meat and sausages on the RCPM score 
was statistically significant. However, the within- subject 
and between- subject effects of BSDS and the consumption 
of low fat (<1%) milk on the RCPM score were statistically 
non- significant.

T A B L E  1  Characteristics of children at baseline and 2- year follow- up in the intervention and control groups.

Baseline 2- year follow- up

Control Intervention

p

Control Intervention

pn = 198 n = 306 n = 176 n = 259

Age (years) 7.6 (0.4) 7.6 (0.3) 0.989 9.7 (0.5) 9.7 (0.3) 0.917

Sex

Boys 99 161 0.520 87 136 0.533

Girls 99 144 89 123

Height (cm) 128.4 (5.8) 128.7 (5.5) 0.847 140 (6.8) 140 (5.8) 0.564

Weight (kg) 26.7 (5.6) 26.9 (4.8) 0.783 34.2 (8.0) 34.3 (6.8) 0.746

Body mass index (kg/m2) 16 (2.3) 16 (2.0) 0.314 17 (2.8) 17 (2.6) 0.763

Body fat percentage (%) 19.9 (8.3) 19.7 (8.3) 0.372 23.4 (9.3) 23.3 (9.2) 0.250

Pubertal status, n (%)

Pre- pubertal 193 (94) 298 (96.4) 130 (64.7) 192 (62.1)

Pubertal 4 (2) 8 (2.6) 40 (19.9) 58 (18.8)

Household income (%)

<30 000€ 55 51 0.01 41 41 0.002

30 000- 60 000€ 75 132 60 60

>60 000€ 55 117 71 130

Parental education (%)

Vocational school or less 41 57 0.814 29 35 0.664

Polytechnic 86 139 31 120

University degree 72 107 64 101

RCPM score 23.8 (4.9) 23.9 (5.3) 0.998 28.9 (3.8) 29.1 (3.7) 0.675

Note: Data are from the Student t- test and from the chi- square test for categorical variables and are displayed as means (SD) or percentages (%). Pubertal status 
was assessed using the stages described by Tanner.
Abbreviation: RCPM score, Raven colored progressive matrices score.
Statistically significant differences are bolded.
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T A B L E  2  Dietary and physical activity characteristics at baseline and 2- year follow- up in the physical activity and dietary intervention 
and control groups.

Baseline 2- year follow- up

Control Intervention

p

Control Intervention

pn = 192 n = 295 n = 171 n = 252

Dietary characteristics
Total energy intake 

(kcal/day)
1666 (306.3) 1622 (306) 0.574 1688 (389) 1710 (374) 0.730

n = 158
Total BSDS 11.1 (4.2) 11.5 (4.2) 0.377 11.5 (4.1) 13.8 (3.7) 0.002

BSDS components
Red meat and sausages 

(g/d)
87.6 (48.2) 79.5 (41.2) 0.145 86.4 (43.1) 82.3 (45.2) 0.455

Fruit and berries (g/d) 104.4 (77.2) 105.6 (84.9) 0.906 93.3 (79.1) 108.8 (79.5) 0.117
Vegetables (g/d) 101.3 (55.8) 95.7 (57.6) 0.424 97.1 (61.8) 107.9 (69.5) 0.191
High- fiber (≥5%) grain 

products (g/d)
57.1 (37.5) 66.1 (43.1) 0.079 69.7 (45.6) 74.6 (47.0) 0.389

Fish 16.4 (23.2) 14.1 (18.5) 0.376 14.1 (20.5) 17.2 (21.1) 0.229
PUFA- SFA ratio 0.4 (0.1) 0.4 (0.1) 0.910 0.4 (0.1) 0.5 (0.1) 0.037
Total fat 1.3 (1.1) 1.5 (1.1) 0.178 32.0 (5.1) 31.1 (5.0) 0.140
Milk (<1% fat) 1.3 (1.1) 1.5 (1.1) 0.128 354.7 (283.8) 473.1 (267.4) 0.001

Physical activity characteristics
Total physical activity 

(min/day)
105.1 (41.4) 116.1 (42.24) 0.166 103.5 (41.6) 122.4 (41.6) <0.001

Active commuting to and 
from school (min/d)

20.8 (19.4) 27.3 (21.1) <0.001 22.2 (18.5) 26.2 (17.1) <0.001

Recess PA (min/d) 22.3 (6.1) 22.5 (5.8) <0.001 22.3 (6.2) 22.7 (5.1) <0.001
Organized sports (min/d) 3.3 (7.1) 6.2 (10.2) <0.001 2.5 (4.5) 4.4 (7.1) <0.001
Organized exercise 

(min/d)
48.6 (32.3) 49.9 (31.4) <0.001 43.8 (32.1) 52.8 (32.1) <0.001

Unsupervised PA (min/d) 105.1 (41.4) 116.1 (42.24) 0.166 103.5 (41.6) 122.4 (41.6) <0.001
n = 177 n = 278 n = 156 n = 218

Light Physical activity 
(min/day)

501.5 (110.0) 518.5 (105.4) 0.101 398.0 (91.4) 410.3 (86.4) 0.184

Moderate Physical 
activity (min/day)

87.0 (54.1) 95.1 (52.2) 0.113 70.4 (39.9) 78.1 (41.1) 0.072

Vigorous Physical activity 
(min/day)

21.8 (22.6) 22.9 (22.7) 0.597 25.6 (25.1) 24.5 (24.6) 0.672

Moderate to vigorous 
physical activity (min/
day)

108.8 (66.9) 118.0 (62.5) 0.135 96.0 (57.1) 102.6 (55.8) 0.265

Sedentary time and behaviors
Sedentary time (min/d) 212.0 (109.4) 218.1 (101.0) 0.527 224.8 (99.8) 219.3 (86.9) 0.547
Media time (screen time) 

(min/d)
97.6 (50.6) 105.5 (53.9) 0.098 123.5 (60.9) 119.7 (54.1) 0.498

Reading time (min/d) 24.1 (23.6) 23.6 (23,9) 0.844 30.5 (32.4) 29.1 (26.8) 0.617
Writing time (min/d) 5.5 (10.5) 8.0 (15.1) 0.045 4.9 (11.6) 4.6 (10.1) 0.770
Computer use time 

(min/d)
26.9 (27.9) 33.2 (32.7) 0.028 46.4 (43.2) 41.1 (35.2) 0.165

Note: Data are from the Student t- test for continuous variables and from the chi- square test for categorical variables and are displayed as means (SD) or 
percentages (%). Diet quality was assessed by dietary records, light, moderate to vigorous intensity physical activity (PA) and sedentary time were measured by 
combined heart rate and movement sensor.
Statistically significant differences are bolded.
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3.4 | Associations of changes in physical 
activity and cognition over 2 years

Organized sports assessed by the questionnaire was posi-
tively associated and unsupervised PA assessed by the 
questionnaire was negatively associated with the RCPM 
score over 2 years after adjustment for age, sex, BF%, pa-
rental education, and household income at baseline and 

pubertal status at 2- year follow- up (Table 3). Other compo-
nents of PA assessed by the questionnaire were not associ-
ated with the RCPM score over 2 years. TPA, LPA, MVPA, 
or VPA assessed by the heart rate and body movement 
monitor was not associated with the RCPM score over 
2 years. The between- subject effect of unsupervised PA 
on the RCPM score was statistically significant (Table 4). 
Moreover, the within- subject and between- subject effects 
of unsupervised PA on the RCPM score were statistically 
different from each other.

3.5 | Associations of changes in 
sedentary time, sedentary behavior, and 
cognition over 2 years

ST assessed by the heart rate and body movement monitor 
and reading assessed by the questionnaire were positively 
and writing and computer use assessed by the questionnaire 
were negatively associated with the RCPM score (Table 3). 
Other measures of SB assessed by the questionnaire were 
not associated with the RCPM score. The between- subject 
effects of ST assessed by the heart rate and body movement 
monitor and reading and writing assessed by the question-
naire on the RCPM score were statistically significant. The 
within- subject effect of computer use assessed by the ques-
tionnaire on the RCPM score was also statistically signifi-
cant (β = −0.013, p = 0.025). Moreover, the within- subject 
and between- subject effects of ST assessed by the heart rate 
and body movement monitor and reading and writing as-
sessed by the questionnaire on the RCPM score were statis-
tically different from each other (Table 4).

4  |  DISCUSSION

We found that the 2- year combined dietary and PA inter-
vention did not affect cognition in a general population of 
school- aged children, as there were no differences in the 
cognition between the control and intervention groups at 
baseline or 2 years. However, changes in some lifestyle fac-
tors over 2 years were associated with cognition. A higher 
BSDS, higher consumption of low- fat milk, lower consump-
tion of red meat and sausages, more time spent in organ-
ized sports, more time spent in sedentary activity, and more 
time spent in reading were associated with better cognition, 
whereas more time spent in unsupervised PA, on computer, 
and in writing were associated with decreased cognition. 
These associations were small to moderate in magnitude. 
For example, a three- unit increase in BSDS increased RCPM 
score only by 0.3 units. In contrast, a 100 g increase in red 
meat and sausage consumption (approximately one me-
dium size sausage) or a 30- min increase in organized sports 

T A B L E  3  Associations of diet quality, physical activity, and 
sedentary time and sedentary behaviors with cognition over 2 years.

β p- Value

Diet quality

BSDS 0.097 0.026

Red meat and sausages (g/d) −0.009 0.004

Fruit and berries (g/d) 0.002 0.116

Vegetables (g/d) 0.0003 0.887

High- fiber (≥5%) grain 
products (g/d)

0.005 0.846

Fish (g/d) 0.006 0.293

PUFA- SFA ratio −0.953 0.259

Total fat (g/d) 0.005 0.986

Milk (<1% fat) (g/d) 0.001 0.019

Physical activity

Light physical activity (min/d) −0.001 0.230

Moderate to vigorous physical 
activity (min/d)

−0.008 0.110

Vigorous physical activity 
(min/d)

−0.005 0.825

Total physical activity (min/d) −0.002 0.500

Active commuting to and from 
school (min/d)

0.009 0.197

Recess PA (min/d) 0.018 0.437

Organized sports (min/d) 0.032 0.010

Organized exercise (min/d) 0.017 0.129

Unsupervised PA (min/d) −0.010 0.010

Sedentary time and behaviors

Sedentary time (min/d) 0.002 0.021

Media time (screen time) (min/d) −0.003 0.21

Reading time (min/d) 0.010 0.042

Writing time (min/d) −0.031 0.002

Computer use time (min/d) −0.010 0.023

Note: Diet quality was assessed by dietary records, light, moderate to 
vigorous intensity physical activity (PA) and sedentary time were measured 
by combined heart rate and movement sensor, and organized sports, 
unsupervised physical activity, reading time, writing time, and computer 
time were assessed by a questionnaire. Values are derived from linear mixed- 
effects model with intercept as random effects. Age, sex, body fat percentage, 
pubertal status at 2- year follow- up, study group (intervention versus control), 
and follow- up time were included as covariates in all analyses.
Statistically significant differences are bolded.
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were related to a 0.90 unit decrease or 0.93 unit increase in 
RCPM score, respectively. Especially the latter associations 
may be clinically meaningful in everyday life.

A few previous studies have reported mixed effects of 
dietary and PA interventions on cognition in children.8,9 
We found that a combined dietary and PA intervention 
had no effect on cognition over 2 years in a population 
sample of school- aged children. However, we have pre-
viously observed that this intervention improved overall 
diet quality, increased unsupervised PA, attenuated the 
increase in time spent using a computer, and improved 
cardiometabolic health.10– 12 One reason for not finding an 
effect of dietary and PA intervention on cognition may be 
that we studied a population sample of school- aged chil-
dren and that the intervention focused mainly on improv-
ing health behavior but did not include a large volume of 
specific tasks challenging the brain, such as PA requiring 
complex, controlled, and adaptive movements having a 
greater impact on cognition than simple movements.24

Our finding on the positive longitudinal associations 
between overall diet quality and cognition in children 
over 2 years aligns with the results of some previous cross- 
sectional25 and longitudinal26,27 studies in children. Some 
earlier cross- sectional studies have also observed a positive 
association between low- fat milk consumption and cogni-
tion in children.27– 29 However, we report here for the first 
time a positive longitudinal association between the con-
sumption of low- fat milk and cognition in children. One of 
the explanations for this association could be that milk con-
tains valuable nutrients, such as proteins and calcium, that 
may have beneficial effects on the cognitive development 
of children.30 The results of our study again strengthen the 
view that low- fat milk is beneficial for the children's health.

We have earlier reported an inverse cross- sectional 
association between the consumption of red meat and 
sausages and cognition in children.17 The present finding 
provides evidence for a longitudinal association between 
red meat and sausage consumption and cognition in chil-
dren. Based on the results of animal studies, one reason 
for our observation could be that high consumption of 
red meat and sausages has adverse effects on the brain- 
derived neurotrophic factor and brain plasticity.31,32 The 
within- subject relationship suggests that increased meat 
and sausage consumption may impair cognition in a rel-
atively short time of 2 years. The presence of a between- 
subject relationship of a higher BSDS with cognition 
suggests that relatively fixed effects, such as genetic fac-
tors, may underlie the association between a healthy diet 
and cognition over 2 years.

Time spent in organized sports, reading, and any sed-
entary activity were directly associated with cognition in 
our study. Previous studies have also suggested that sports 
positively affect cognition,33 possibly through increased 

opportunities for motor learning and cognitively challeng-
ing activities leading to favorable neural adaptations24,34,35 
and increased social interaction and goal orientation.36 
Similarly, reading a book requires vocal, visual, auditory, 
and imaginary creativity and concentration, which may 
improve cognition.37 Earlier studies have also suggested 
a positive association between objectively assessed ST and 
cognition in children.38 Reading and other activities that 
may enhance cognition could explain the positive associa-
tion between ST and cognition. Furthermore, our findings 
agree with the Finnish study reporting an inverse associ-
ation between computer use and cognition in children.39

A strength of the present study is that we investigated the 
long- term effects of a combined dietary and PA intervention 
on cognition and the longitudinal associations of changes in 
diet quality, PA, ST, and SB with cognition in a relatively large 
population sample of school- aged children. Diet quality, PA, 
ST, SB, and confounding factors were assessed using valid 
and reproducible methods. Furthermore, only 15% of the 
children in the intervention group dropped out over 2 years. 
Moreover, almost 90% of the children and their parents or 
caregivers participated in all six dietary and PA counseling 
sessions, suggesting that the intervention was well accepted 
by the participants. A limitation of the study is that we did 
not randomly allocate the participants to the intervention 
and control groups.11 However, the baseline characteristics 
of children in the intervention and control groups were rela-
tively similar, suggesting that selection bias has minor effects 
on the results. Furthermore, diet quality and sedentary be-
haviors were assessed using self- reports, which may be prone 
to bias. However, these methods have been considered valid 
and most feasible methods to assess diet quality and different 
types of sedentary behavior in children. While we adjusted 
the data for socioeconomic status, BF% and maturation, it is 
possible that some other lifestyle, environmental, or genetic 
factors influence observed associations. RCPM measures 
non- verbal reasoning skills, and therefore, our findings can-
not be generalized to other components of cognition. Finally, 
we used linear mixed- model analyses to investigate the asso-
ciations of diet quality, PA, and SB with cognition, and this 
analysis strategy does not quantify possible non- linear asso-
ciations between the predictors and outcomes.

In conclusion, an individualized and family- based life-
style counseling intervention without a strong structured 
component may not be sufficiently intensive to mean-
ingfully improve cognition in children over other fac-
tors in daily life contributing to cognitive development. 
Accordingly, the results suggest that improved overall diet 
quality, the increased consumption of low- fat milk, and in-
creased time spent in organized sports and reading were lon-
gitudinally associated with improved cognition in children. 
These results suggest that a healthy diet and certain physi-
cal and sedentary activities support cognitive development 
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in children. Further intervention studies are warranted to 
investigate the long- term effects of dietary and PA interven-
tions on cognition from childhood to adolescence.

5  |  PERSPECTIVE

We investigated the influence of a 2- year combined dietary 
and PA intervention on cognition in children. We found 
that the intervention had no significant effect on cognition. 
However, improved diet quality and increased levels of or-
ganized PA and reading were related to improved cogni-
tion. While the intervention had a weak effect on cognition, 
our findings suggest that improving diet quality and en-
couraging regular participation in organized PA and read-
ing habits contribute to cognitive development in children. 
Children's diet quality1,2 and PA levels3 are not optimal for 
cognitive development and brain health.4,5 Therefore, our 
findings highlight the importance of improving diet qual-
ity, providing opportunities for organized P, and encour-
aging leisure time reading to support cognition and brain 
health in children. Diet quality- , PA- , and reading- induced 
cognitive benefits may also have relevance on life- long 
learning, education career, and brain health.
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