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Abstract - Aim: In this regard, this cross-sectional study aims to determine the relationship of nutritional status, phy-
sical activity, and cognitive function to the learning outcomes of junior high school students in the country. Methods:
This study employed a correlational approach in order to determine the relationship among the variables. A total of 98,
289 students from the junior high schools served as the study's sample population. Due to time constraints, data from
1870 students were used to draw conclusions using Simple Random sampling technique. The Physical Activity Ques-
tionnaire for Older Children (PAQ-C) was utilized in the study. Additionally, concerning food intake, is determined by
Body Mass Index (BMI). Moreover, the academic performance was measured by depending on the grades or numerical
representations, using the Concentration Grid Test to measure cognitive function (CGT). The F-test, coupled with cor-
relation and multiple regression analysis, was used to analyze the data in this study. Furthermore, this present study has
performed the required tests, namely test of normality and linearity test, before testing the hypothesis. Results: It was
observed that there is a positive and significant relationship between nutritional status (X1) [r(1868) = 0.870, p = 0.001],
physical activity (X2) [1(1868) = 0.748, p = 0.013], and cognitive function (X3) [r(1868) = 0.895, p < 0.05] (X3) with
learning outcomes. Furthermore, a significant relationship was also observed between nutritional status (X1) and physi-
cal activity (X2) [r(1868) = 0.742, p = 0.014], and nutritional status (X1) and cognitive function (X3) [r(1868) = 0.857,
p =0.002]. Based on the multiple regression results, dietary intake (X1), physical activity (X2), cognitive function (X3),
and learning outcomes (Y) have a 0.725 association. Nutritional status (X1), physical activity (X2), and cognitive func-
tion (X3) account for 52.5% of learning outcomes (Y), whereas other variables account for 47.5%. Sig. F change 0.006
(p < 0.05) shows a simultaneous and substantial association between nutritional status (X1), physical activity (X2), and
cognitive performance (X3) among junior high school students. Conclusion: Nutritional status, physical activity, cog-
nitive function, and learning outcomes are strongly linked. Future studies should compare rural and urban students’
dietary status, physical activity, cognitive performance, and educational outcomes.
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Introduction

Human capital can be developed further through the use of
physical education in schools'. Improving effective
learning outcomes in schools requires providing children
with adequate dietary conditions or a good nutritional sta-
tus that will inspire them to desire to learn®*>, in addition

to using the facilities and infrastructure that are already in
place and having teachers available. Excellent physical
health is required for the study of physical education at
school, and this can only be achieved through a balanced
diet in which the amount of energy and nutrients taken is
equal to the amount required by the body and the amount
exhaled by the body®’*®. Furthermore, children who par-
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take in physical education activities at school should fuel
themselves on healthy, calorie-dense foods like carbs,
lipids, and proteins before arriving at class’'’. When the
ratios between these nutrients are awry, it can lead to mal-
nutrition'"'*'3, therefore it's important to keep an eye on
them. Consumption of food and the state of one's nutrition
are both essential for proper body functioning'*. Nutrition
requires a state of energetic equilibrium between food con-
sumption and energy expenditure'>'®. Nutritional status is
a quantifiable indicator of health and nutrient utilization'”.
Nutritional status can be affected by many different
variables, such as diet and lifestyle choices'®'®, mental
health?®?!, level of education??, maternal employmentB,
and disposable income”*. Furthermore, it was known that
students’ cognitive abilities and their ability to learn might
be affected by their diet*>*. Students in good nutritional
health are more likely to succeed academically and have a
positive impact on their campus community than their
undernourished or over nourished counterparts®’. Aware-
ness of health concerns is an important life skill for every-
one, but it is especially important for kids in middle
school. One of the decisive factors is the nutritional qual-
ity of the food that children consume on a daily basis.
Proper nutrition is the bedrock of a child's development
and health. Kids need to eat to keep their bodies running
smoothly, and if they don't receive enough, they may
develop health problems later in life®®. For optimal devel-
opment and learning in children, it is crucial to have a firm
grasp on the different types of nutrients and their food
sources. Children's nutritional status is also an indicator of
the success of multi-sectoral development initiatives, such
as those focused on education. On the other hand, exercise
and mental acuity can have an effect on classroom PE les-
sons as well. A person's health and wellbeing may be pre-
dicted by their school age*~%*'. The surprising truth is
that even a small amount of exercise may do wonders for
the mental health, from warding off sadness to easing
loneliness and stress to improving the quality of sleep.
However, it has been suggested that engaging in excessive
exercise can impair cognitive performance, rendering the
benefits of learning physical education at school incon-
sequential®*>*. Although research on the link between
exercise and cognitive function in physical education
learning outcomes has been conducted at a high level in
recent years, it has gotten far less attention among school-
aged children. In spite of the fact that everyone is in
agreement that starting school is the best moment to begin
forming healthy living habits, on the other hand, in order
to maintain preparedness for the future, academics feel the
need to attempt to explain why this occurrence occurs at
such a young age. Research has been conducted on diet,
physical activity, and academic performance; however,
there have been no studies conducted on the cognitive
function of students, particularly in the setting of the Indo-
nesia, and Philippines and particularly since the emer-
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gence of the new normal. Thus, study aims to determine
the relationship of nutritional status, physical activity, and
cognitive function to the learning outcomes of junior high
school students in the country.

Methods

Study design

This study employs a correlational statistical strat-
egy to probe the connection between the variables. This
study used a technique known as cross-sectional research,
which involves collecting data through multiple, con-
secutive measurements or observations.

Participants

This analysis uses data from February 2023 to May
2023. This study was conducted in Indonesia (n = 6.446),
and the Philippines (n = 20.000). The sample population
for this analysis consisted of 26.446 students (male) from
junior high schools located in one area of both countries.
Because of the limited amount of time available, a total of
1870 students were used to make up the sample (Indone-
sia: n = 870, Philippines: n = 1000). In order to come up
with the total sample, the study have utilized Simple Ran-
dom sampling. This study has been approved by the local
ethics committee of junior high schools under the auspices
of Surabaya State University, Indonesia (registration num-
ber: B/40962/UN38.6/LT.02.02/2024), and junior high
schools in the Philippines (registration number: Privacy
Act of 2012-RA-10173). In addition, all activities in this
study followed the Declaration of Helsinki.

Measures

This research largely relied on the use of online
questionnaires. The Physical Activity Questionnaire for
Older Children (PAQ-C) was utilized in the study. Addi-
tionally, concerning food intake, is determined by Body
Mass Index (BMI). Moreover, the academic performance
was measured by depending on the grades or numerical
representations, using the Concentration Grid Test to mea-
sure cognitive function (CGT).

Statistical analysis

The F-test, coupled with correlation and multiple
regression analysis, was used to analyze the data in this
study. Furthermore, this present study has performed the
required tests, namely test of normality and linearity test,
before testing the hypothesis. The investigation examined
the relationships between four factors: nutritional status,
physical activity, cognitive function, and the effects of
physical education on student learning. The analysis of
data was processed via IBM SPSS 27.
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Ethical considerations

All participants were briefed on the experiment's
goals, as well as any instruments or tests that would be
used to evaluate their progress and output. The positive
effects that this investigation will have on educational
institutions and the scientific community as a whole have
also been outlined.

Result

First, learning outcomes have a p-value of 0.080
(p > 0.05) on the Shapiro-Wilk test, while nutritional sta-
tus = 0.977, physical activity = 0.258, and cognitive func-
tion = 0.05, indicating that the data is normally distributed.
Results are illustrated in Table 1.

According to Table 2, the tolerance value for the
nutritional status variable is 0.218, the tolerance value for
the physical activity variable is 0.443, and the tolerance
value for the cognitive function variable is 0.262; all of
these values are greater than 0.10. The VIF values for
variables nutritional status, physical activity, and cognitive
function are 4.581 10.00, 2.258 10.00, and 3.812 10.00.
According to the logic underpinning the multicollinearity
test's conclusion, the regression model does not show any
evidence of multicollinearity.

Table 3 illustrates the correlational analysis per-
formed among the variables being studied. It was observed
that there is a positive and significant relationship between
nutritional status [#(1868) = 0.870, p = 0.001], physical
activity [#(1868) = 0.748, p = 0.013], and cognitive func-
tion [7(1868) = 0.895, p < 0.05] with learning outcomes.
Furthermore, a significant relationship was also observed
between nutritional status and physical activity [#(1868) =
0.742, p = 0.014], and nutritional status and cognitive
function [(1868) = 0.857, p = 0.002].

Table 1 - Normality test.

Variables Kolmogorov-Smirnova Shapiro-Wilk

Statistic  df Sig.
Learning outcomes  0.305 1870 0.0900  0.781 1870 0.080
Nutritional status 0.099 1870 0.200*  0.983 1870 0.978
Physical activity 0222 1870 0.178 0.906 1870 0.258
Cognitive function ~ 0.272 1870 0.053 0.802 1870 0.051

Statistic df  Sig.

Table 2 - Coefficients.

It can be seen from Table 4 (summary model) that
there is a highly significant relationship between dietary
intake, physical activity, and cognitive ability and aca-
demic performance, with a calculated correlation coeffi-
cient of 0.725. Nutritional status factors, physical activity,
and cognitive function jointly account for 52.5% of the
variance in learning outcomes, whereas other variables
account for the remaining 47.5%. Junior high school pu-
pils, have a simultaneous and significant relationship with
nutritional status, physical activity, and cognitive perfor-
mance, as indicated by the value of sig. F' change 0.006
(p < 0.05).

Discussion

Our current research aims to determine the relation-
ship between nutritional status, physical activity, and cog-
nitive function on learning outcomes of junior high school
students in the country.

Our main findings show that there is a significant
correlation among the variables studied. It was observed
that there is a positive and significant relationship between
nutritional status, physical activity and cognitive function
with learning outcomes. The data proves that there is a
large relationship in each variable. The results showed that
despite the fact that frequent exercise helps to maintain
healthy blood flow and transport nutrients to the brain,
almost all respondents engaged in less physical activity,
such as daily morning walks. The results of the study on
cognitive function showed that nearly half of the respon-
dents (or 77.81%) had cognitive function below 1455, and
that as many as 415 respondents (19.68%) had moderate
cognitive function. According to the results, almost all of
the junior high school pupils reported experiencing a loss
in mental capacity. Many survey participants reported
declining mental capacity as a result of insufficient exer-
cise, consistent with other research linking inactivity to
cognitive decline. Meanwhile, since rxy > r table at the
0.05 level of significance, this present investigation infers
that nutritional status also significantly affects learning
results. On the other hand, good ratings of cognitive func-
tion are associated with high levels of routine and physical
activity. Moreover, kids whose physical activity levels are
only moderate to high had worse cognitive outcomes. Pre-

Model Unstandardized coefficients Standardized coefficients t Sig. Collinearity statistics
B Std. Error Beta Tolerance VIF

(Constant) 0.528 1.544 0.342 0.744
Nutritional status 0.127 0.150 0.281 0.844 0.431 0.218 4.581
Physical activity 0.146 0.192 0.178 0.760 0.476 0.443 2.258
Cognitive function 0.552 0.315 0.533 1.755 0.130 0.262 3.812

Note. Dependent variable: learning outcomes.



Table 3 - Correlational analysis results.

Learning outcomes, nutritional status, physical activity, cognitive function

Variables Nutritional status Physical activity Cognitive function Learning outcomes
Nutritional status Pearson Correlation 1 0.742" 0.857 0.870"
Sig. (2-tailed) 0.014 0.002 0.001
N 1870 1870 1870 1870
Physical activity Pearson Correlation 0.742 1 0.678" 0.748
Sig. (2-tailed) 0.014 0.031 0.013
N 1870 1870 1870 1870
Cognitive function Pearson Correlation 0.857 0.678 1 0.895 "
Sig. (2-tailed) 0.002 0.031 0.000
N 1870 1870 1870 1870
Learning outcomes Pearson Correlation 0.870" 0.748 0.895 " 1
Sig. (2-tailed) 0.001 0.013 0.000
N 1870 1870 1870 1870

"Correlation is significant at the 0.05 level (2-tailed).

Table 4 - Model summary.

Model R Rsquare Adjusted R square  Std. error of the estimate Change statistics
R square change  F change  dfl df2 Sig. F change
1 0.725a 0.525 0.782 0.32642 0.855 11.765 561 1122 0.006

vious research has shown that regular physical activity has
a positive effect on a person's executive function, atten-
tion, cognitive speed, working memory, and both long-
and short-term memory’ %2738 Additionally, the fre-
quency and intensity of one's exercise habits can reduce
the risk of cognitive decline®**. Strong cognitive func-
tion, and cognitive decline are linked to sustained and
robust levels of physical activity, as reported by*'. Physi-
cal activity has been shown to be helpful when a person's
outward appearance is three years younger than their true
age, and even 20% less physical activity can reduce the
chance of cognitive deterioration*’. Generally, aging is
associated with a decline in cognitive ability. Risk factors
for cognitive decline include, but are not limited to, a per-
sonal or family history of Parkinson's disease, heart dis-
ease, stroke, diabetes, or any of a number of other
neurological or metabolic disorders; one's level of educa-
tion; exposure to environmental contaminants; inactivity;
and the like®>**. Findings suggest that children who
engage in regular physical activity and fitness have
improved academic performance, learning, and cognitive
function*>***7. This has sparked a renewed interest
among researchers and policymakers in the link between
physical activity and academic success.

This present investigation conducted a three-part
search for studies that employed fitness and exercise
metrics to evaluate the strength of an association or effect
on (a) academic performance and (b) mental acuity. The
data extraction technique used 18 papers: 11 correlational

studies, 6 quasi-experimental studies, and 1 randomized
control trial. The criteria for assessing the correlation
between exercise and mental acuity were not met by any
of the available studies. The beneficial associations
between exercise, healthiness, academic achievement, and
brain function were not supported by the interventions.
According to another definition, nutrition is the intake of
nutrients necessary for growth and health maintenance.
Since nutrition provides fuel, aids in cellular growth and
tissue maintenance, and regulates metabolic processes, it
is often used interchangeably with “health”. A person's
nutritional status may be defined as the presence or
absence of key nutrient-containing compounds in the
body. Mbhatsani et al.** define nutrition as the metabolic
process of food and the elimination of substances that are
not required for maintaining life, growing, maintaining
appropriate organ function, and producing energy. Daily
life requires a steady supply of energy, which comes from
the food people consume. According to Murphy and
Murtagh®’, basal metabolic activities, which the body uses
to keep itself running, need 60-70% of the body's total
energy needs. This suggests that the body has a low energy
requirement during total rest but not during sleep. How-
ever, more energy is required for other tasks, such as
walking, working, eating, and researching. The results of
the study are comparable to the effects of underweight and
overweight nutritional status on students’ ability to learn,
with the latter having a more significant impact. However,
it cannot be denied that eating too much can have negative
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effects on one's weight and health. As a result, overeating
might make it difficult to concentrate on schoolwork and
lead to exhaustion. Two internal and external components,
in addition to the external dietary elements, affect learning
success and achievement. The support of one's family and
community, as well as one's physical and mental health,
are all examples of internal influences. On the one side,
external factors include things like one's family, surround-
ings, teachers, community, schools, and other educational
facilities. It is clear from these that many factors, includ-
ing parental engagement, educational resources, study
time, motivation, IQ, interest, teacher teaching talents, and
such, affect academic success. Such features allow one to
argue that people with underweight nutritional status can
attain good results and poor ratings, as well as normal and
overweight nutritional status. Consuming the nutrients, the
body demands is one strategy to improve academic per-
formance, and so a balanced diet will have an effect on
students’ grades. Meanwhile, a person's intelligence,
drive, and the quality of their home, community, and edu-
cational institution all play a role in how well they learn
and perform®®'. Cognitive ability improves in tandem
with increased physical activity. Students’ mental health is
linked to their level of physical activity. As one's level of
physical activity rises, so does one's cognitive function
score. However, we observed that there are still some lim-
itations in this study, for example, the students who parti-
cipated came from only one region in Indonesia and the
Philippines, so that the results have not been generalized
as a whole. In addition, another limitation is that the parti-
cipants involved were only male. Future research that
takes consideration of gender, socioeconomic status, and
familial factors in relation to cognitive performance and
physical activity is expected to take into account the
results of this study.

Conclusions

It is possible to make the assertion that there is a
substantial association between junior high school pupils’
nutritional status, physical activity, cognitive performance,
and the learning outcomes. This research can be important
information for teachers, and students regarding the
importance of the role of nutritional status, physical activ-
ity, cognitive performance aspects for the development of
students’ learning outcomes in physical education classes.
Thus, several aspects must continue to be evaluated and
developed optimally in order to produce better learning
outcomes than before.

Conflict of interest statement

No conflict of interest involved in the completion of
this study among the authors.

Funding

No funding received.

Acknowledgments

Thank you to all parties who have contributed to this
research.

References

1. Turner L, Johnson TG, Calvert HG, Chaloupka FJ. Stretched
too thin? The relationship between insufficient resource
allocation and physical education instructional time and
assessment practices. Teach Teach Educ. 2017;68:210-9.
doi

2. Krijgsman C, Mainhard T, Borghouts L, van Tartwijk J, Hae-
rens L. Do goal clarification and process feedback posi-
tively affect students’ need-based experiences? A quasi-
experimental study grounded in Self-Determination The-
ory. Phys Educ Sport Pedagog. 2021;26(5):483-503. doi

3. Wozniak D, Przystawski J, Banaszak M, Drzymata-Czyz S.
Dietary supplements among children ages 0-3 years in po-
land - are they necessary? Foods. 2022;12(1):16. doi

4. Cotton W, Dudley D, Peralta L, Werkhoven T. The effect of
teacher-delivered nutrition education programs on elemen-
tary-aged students: An updated systematic review and
meta-analysis. Prev Med Reports. 2020;20:101178. doi

5. Rosales A, Young S, Mendez T, Shelden K, Holdaway M.
Collaborative strategies to improve nutrition security and
education: lessons learned during a pandemic. J Sch
Health. 2023;93(2):148-52. doi

6. Tanous DR, Ruedl G, Kirschner W, Drenowatz C, Craddock J,
Rosemann T, et al. School health programs of physical
education and/or diet among pupils of primary and second-
ary school levels I and II linked to body mass index: a sys-
tematic review protocol within the project From Science 2
School. PLoS One. 2022;17(10):¢0275012. doi

7. Fernandez-Ortega C, Gonzélez-Bernal J, Gonzalez-Bernal S,
Trigueros R, Aguilar-Parra JM, Minguez-Minguez LA,
et al. The perception of teaching, learning styles and com-
mitment to learning and their influence on the practice of
physical activity and eating habits related to the mediterra-
nean diet in physical education students. Front Psychol.
2022;22:13. doi

8. Trigueros R, Gonzélez-Bernal S, Gonzalez-Bernal JJ, Fuente-
Anuncibay R de la, Aguilar-Parra JM. Healthy and
balanced nutrition for children through physical education
classes. Life. 2021;11(7):678. doi

9. Lugowska K, Kolanowski W, Trafialek J. Eating behaviour
and physical fitness in 10-year-old children attending gen-
eral education and sports classes. Int J Environ Res Public
Health. 2020;17(18):6467. doi

10. Tandon PS, Tovar A, Jayasuriya AT, Welker E, Schober DJ,
Copeland K, et al. The relationship between physical activ-
ity and diet and young children's cognitive development: a
systematic review. Prev Med Reports. 2016;3:379-90. doi

11. Humbwavali JB, Giugliani C, Nunes LN, Dalcastagné S V.,
Duncan BB. Malnutrition and its associated factors: a
cross-sectional study with children under 2 years in a sub-


https://doi.org/10.1016/j.tate.2017.09.007
https://doi.org/10.1080/17408989.2020.1823956
https://doi.org/10.3390/foods12010016
https://doi.org/10.1016/j.pmedr.2020.101178
https://doi.org/10.1111/josh.13247
https://doi.org/10.1371/journal.pone.0275012
https://doi.org/10.3389/fpsyg.2022.927667
https://doi.org/10.3390/life11070678
https://doi.org/10.3390/ijerph17186467
https://doi.org/10.1016/j.pmedr.2016.04.003

12.

13.

14.

15.

16.

17.

18.

20.

21.

22.

23.

24.

25.

26.

urban area in Angola. BMC Public Health. 2019;19(1):220.
doi

Rakhshanda S, Barua L, Faruque M, Banik PC, Shawon RA,
Rahman AKMF, et al. Malnutrition in all its forms and
associated factors affecting the nutritional status of adult
rural population in Bangladesh: results from a cross-sec-
tional survey. BMJ Open. 2021;11(10):e051701. doi

Gebre A, Reddy PS, Mulugeta A, Sedik Y, Kahssay M. Pre-
valence of malnutrition and associated factors among
under-five children in pastoral communities of afar regional
state, northeast ethiopia: a community-based cross-sec-
tional study. J Nutr Metab. 2019;2019:1-13. doi

Morris AL, Mohiuddin SS. Biochemistry, Nutrients [Inter-
net]. StatPearls. 2023. Available from: http://www.ncbi.
nlm.nih.gov/pubmed/25027766.

Maffetone PB, Laursen PB. Reductions in training load and
dietary carbohydrates help restore health and improve per-
formance in an Ironman triathlete. Int J Sport Sci Coach.
2017;12(4):514-9. doi

Weng J, Cao L, Xie P, Wang J. Recreational football training
improved health-related physical fitness in 9- to 10-year-
old boys. J Sports Med Phys Fitness. 2018;58(3). doi

Ali A. Current status of malnutrition and stunting in pakistani
children: what needs to be done? J Am Coll Nutr. 2021;40
(2):180-92. doi

Gherasim A, Arhire LI, Nita O, Popa AD, Graur M, Miha-
lache L. The relationship between lifestyle components and
dietary patterns. Proc Nutr Soc. 2020;79(3):311-23. doi

. Kendel Jovanovi¢ G, Jankovi¢ S, Pavici¢ ZeZelj S. The

effect of nutritional and lifestyle education intervention
program on nutrition knowledge, diet quality, lifestyle, and
nutritional status of Croatian school children. Front Sustain
Food Syst. 2023 14;7. doi

Sparling TM, Cheng B, Deeney M, Santoso MV, Pfeiffer E,
Emerson JA, et al. Global mental health and nutrition:
moving toward a convergent research agenda. Front Public
Heal. 2021;8:9. doi

Hotzy F, Risch L, Métteli S. Nutritional Needs in mental
healthcare: study protocol of a prospective analytic obser-
vational study assessing nutritional status, eating behavior
and barriers to healthy eating in psychiatric inpatients and
outpatients compared to healthy adults. Front Psychiatry.
2022;14:13. doi

Azizi Fard N, De Francisci Morales G, Mejova Y, Schifanella
R. On the interplay between educational attainment and
nutrition: a spatially-aware perspective. EPJ Data Sci.
2021;10(1):18. doi

Hosen MZ, Pulok MH, Hajizadeh M. Effects of maternal
employment on child malnutrition in South Asia: an instru-
mental variable approach. Nutrition. 2023;105:111851. doi

French SA, Tangney CC, Crane MM, Wang Y, Appelhans
BM. Nutrition quality of food purchases varies by house-
hold income: the SHoPPER study. BMC Public Health.
2019;19(1):231. doi

Martinez Garcia RM, Jiménez Ortega Al, Lopez Sobaler AM,
Ortega Anta RM. Estrategias nutricionales que mejoran la
funcion cognitiva. Nutr Hosp. 2018;35(6). doi

Wang T, Cao S, Li D, Chen F, Jiang Q, Zeng J. Association
between dietary patterns and cognitive ability in Chinese

Learning outcomes, nutritional status, physical activity, cognitive function

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

children aged 10-15 years: evidence from the 2010 China
Family Panel Studies. BMC Public Health. 2021;21
(1):2212. doi

Asmare B, Taddele M, Berihun S, Wagnew F. Nutritional
status and correlation with academic performance among
primary school children, northwest Ethiopia. BMC Res
Notes. 2018;11(1):805. doi

Haines J, Haycraft E, Lytle L, Nicklaus S, Kok FJ, Merdji M,
et al. Nurturing children's healthy eating: position state-
ment. Appetite. 2019;137:124-33. doi

Coimbra M, Cody R, Kreppke JN, Gerber M. Impact of a
physical education-based behavioural skill training pro-
gram on cognitive antecedents and exercise and sport beha-
viour among adolescents: a cluster-randomized controlled
trial. Phys Educ Sport Pedagog. 2021;26(1):16-35. doi

Tariku A, Belew AK, Gonete KA, Hunegnaw MT, Muham-
mad EA, Demissie GD, et al. Stunting and its determinants
among adolescent girls: findings from the nutrition surveil-
lance project, northwest ethiopia. Ecol Food Nutr. 2019;58
(5):481-94. doi

Lavelle G, Noorkoiv M, Theis N, Korff T, Kilbride C, Balt-
zopoulos V, et al. Validity of the international physical
activity questionnaire short form (IPAQ-SF) as a measure
of physical activity (PA) in young people with cerebral
palsy: a cross-sectional study. Physiother. 2020;107:209-
15. doi

Aarsland V, Borda MG, Aarsland D, Garcia-Cifuentes E,
Anderssen SA, Tovar-Rios DA, et al. Association between
physical activity and cognition in Mexican and Korean
older adults. Arch Gerontol Geriatr. 2020;89:104047. doi

Clifford T, Babateen A, Shannon OM, Capper T, Ashor A,
Stephan B, et al. Effects of inorganic nitrate and nitrite
consumption on cognitive function and cerebral blood
flow: a systematic review and meta-analysis of randomized
clinical trials. Crit Rev Food Sci Nutr. 2019;59(15):2400-
10. doi

Maier C, Thatcher JB, Grover V, Dwivedi YK. Cross-sec-
tional research: a critical perspective, use cases, and re-
commendations for IS research. Int J Inf Manage.
2023;70:102625. doi

Mandolesi L, Polverino A, Montuori S, Foti F, Ferraioli G,
Sorrentino P, et al. Effects of physical exercise on cognitive
functioning and wellbeing: biological and psychological
benefits. Front Psychol. 2018;27:9. doi

Festa F, Medori S, Macri M. Move Your Body, Boost Your
Brain: The positive impact of physical activity on cognition
across all age groups. Biomedicines. 2023;11(6):1765. doi

Candela F, Zucchetti G, Magistro D, Rabaglietti E. The
effects of a physical activity program and a cognitive train-
ing program on the long-term memory and selective atten-
tion of older adults: a comparative study. Act Adapt Aging.
2015;39(1):77-91. doi

Kumar M, Srivastava S, Muhammad T. Relationship between
physical activity and cognitive functioning among older
Indian adults. Sci Rep. 2022;12(1):2725. doi

Wang S, Liu HY, Cheng YC, Su CH. Exercise dosage in
reducing the risk of dementia development: mode, dura-
tion, and intensity - a narrative review. Int J Environ Res
Public Health. 2021;18(24):13331. doi


https://doi.org/10.1186/s12889-019-6543-5
https://doi.org/10.1136/bmjopen-2021-051701
https://doi.org/10.1155/2019/9187609
http://www.ncbi.nlm.nih.gov/pubmed/25027766
http://www.ncbi.nlm.nih.gov/pubmed/25027766
https://doi.org/10.1177/1747954117717873
https://doi.org/10.23736/S0022-4707.16.06620-2
https://doi.org/10.1080/07315724.2020.1750504
https://doi.org/10.1017/S0029665120006898
https://doi.org/10.3389/fsufs.2023.1019849
https://doi.org/10.3389/fpubh.2021.722290
https://doi.org/10.3389/fpsyt.2022.906234
https://doi.org/10.1140/epjds/s13688-021-00273-y
https://doi.org/10.1016/j.nut.2022.111851
https://doi.org/10.1186/s12889-019-6546-2
https://doi.org/10.20960/nh.2281
https://doi.org/10.1186/s12889-021-12209-2
https://doi.org/10.1186/s13104-018-3909-1
https://doi.org/10.1016/j.appet.2019.02.007
https://doi.org/10.1080/17408989.2020.1799966
https://doi.org/10.1080/03670244.2019.1636793
https://doi.org/10.1016/j.physio.2019.08.013
https://doi.org/10.1016/j.archger.2020.104047
https://doi.org/10.1080/10408398.2018.1453779
https://doi.org/10.1016/j.ijinfomgt.2023.102625
https://doi.org/10.3389/fpsyg.2018.00509
https://doi.org/10.3390/biomedicines11061765
https://doi.org/10.1080/01924788.2014.977191
https://doi.org/10.1038/s41598-022-06725-3
https://doi.org/10.3390/ijerph182413331

Muhammad et al.

40. Yu DJ, Yu AP, Bernal JDK, Fong DY, Chan DKC, Cheng CP,
et al. Effects of exercise intensity and frequency on
improving cognitive performance in middle-aged and older
adults with mild cognitive impairment: A pilot randomized
controlled trial on the minimum physical activity recom-
mendation from WHO. Front Physiol. 2022;19:13. doi

41. Meijer A, Konigs M, Vermeulen GT, Visscher C, Bosker RJ,
Hartman E, et al. The effects of physical activity on brain
structure and neurophysiological functioning in children: A
systematic review and meta-analysis. Dev Cogn Neurosci.
2020;45. doi

42. BenOunis O, BenAbderrahman A, Chamari K, Ajmol A,
BenBrahim M, Hammouda A, et al. Association of short-
passing ability with athletic performances in youth soccer
players. Asian J Sports Med. 2013;4(1):41-8. doi

43. Jin Y, Liang J, Hong C, Liang R, Luo Y. Cardiometabolic
multimorbidity, lifestyle behaviours, and cognitive func-
tion: a multicohort study. Lancet Heal Longev. 2023;4(6):
€265-73. doi(23)00054-5

44. Goldman JG, Vernaleo BA, Camicioli R, Dahodwala N,
Dobkin RD, Ellis T, et al. Cognitive impairment in Parkin-
son's disease: a report from a multidisciplinary symposium
on unmet needs and future directions to maintain cognitive
health. npj Park Dis. 2018;4(1):19. doi

45. Mavilidi MF, Ruiter M, Schmidt M, Okely AD, Loyens S,
Chandler P, et al. A narrative review of school-based physi-
cal activity for enhancing cognition and learning: the im-
portance of relevancy and integration. Front Psychol.
2018;2:9. doi

46. McPherson A, Mackay L, Kunkel J, Duncan S. Physical
activity, cognition and academic performance: an analysis
of mediating and confounding relationships in primary
school children. BMC Public Health. 2018;18(1):936. doi

47. Mavilidi MF, Lubans DR, Miller A, Eather N, Morgan PJ,
Lonsdale C, et al. Impact of the “thinking while moving in

english” intervention on primary school children's aca-
demic outcomes and physical activity: a cluster randomised
controlled trial. Int J Educ Res. 2020;102:101592. doi

48. Mbhatsani VH, Mbhenyane XG, Mabapa SN. Development
and implementation of nutrition education on dietary diver-
sification for primary school children. Ecol Food Nutr.
2017;56(6):449-61. doi

49. Murphy MH, Murtagh EM. Physical activity: beneficial
effects. in: Encyclopedia of human nutrition. Amsterdam,
Elsevier; 2013. p. 33-8. doi

50. Quilez-Robres A, Moyano N, Cortés-Pascual A. Motivatio-
nal, emotional, and social factors explain academic achie-
vement in children aged 6-12 years: a meta-analysis. Educ
Sci. 2021;11(9):513. doi

51. Tomul E, Onder E, Taslidere E. The relative effect of student,
family and school-related factors on math achievement by
location of the school. Large-Scale Assessments Educ.
2021;9(1):22. doi

Corresponding author

Heryanto Nur Muhammad. J1. Lidah Wetan, Lidah Wetan,
Kec. Lakarsantri, kota Surabaya, Jawa Timur 60213,
Indonesia.

E-mail: heryantomuhammad@unesa.ac.id.

Manuscript received on July 4, 2024
Manuscript accepted on April 10, 2025

(0@

Motriz. The Journal of Physical Education. UNESP. Rio Claro, SP, Brazil
- eISSN: 1980-6574 - under a license Creative Commons - Version 4.0



https://doi.org/10.3389/fphys.2022.1021428
https://doi.org/10.1016/j.dcn.2020.100828
https://doi.org/10.5812/asjsm.34529
https://doi.org/10.1016/S2666-7568
https://doi.org/10.1038/s41531-018-0055-3
https://doi.org/10.3389/fpsyg.2018.02079
https://doi.org/10.1186/s12889-018-5863-1
https://doi.org/10.1016/j.ijer.2020.101592
https://doi.org/10.1080/03670244.2017.1366319
https://doi.org/10.1016/B978-0-12-375083-9.00094-5
https://doi.org/10.3390/educsci11090513
https://doi.org/10.1186/s40536-021-00117-1
mailto:heryantomuhammad@unesa.ac.id

	Introduction
	Methods
	Study design
	Participants
	Measures
	Statistical analysis
	Ethical considerations

	Result
	Discussion
	Conclusions
	Conflict of interest statement
	Funding
	References

