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INTRODUCTION

ABSTRACT
Background: Overweight status, which falls under the category of overweight and
obesity, has become a serious and growing global health problem, especially among
school-aged children. Unbalanced nutrition and low physical activity are the main
factors contributing to the increasing prevalence of malnutrition among children in
Indonesia.
Objectives: This study aims to analyze the correlation between macronutrient intake
and physical activity with nutritional status (overweight and obesity) in fifth-grade
students at Banjarbendo State Elementary School, Sidoarjo.
Methods: This study employed an observational analytical method with a cross-
sectional design. The sample consisted of 64 fifth-grade students who were randomly
selected through simple random sampling. Data were collected through anthropometric
measurements to determine nutritional status based on body mass index-for-age (BMI-
for-age) as well as interviews to assess food intake using a 2x24 hour food recall and
physical activity using a 2x24 hour physical activity recall. Data analysis was carried out
using Spearman’s correlation test with a 95% confidence level (a=0.05).
Results: The results indicated a significant correlation between macronutrient intake,
physical activity, and nutritional status. Most students with excessive macronutrient
intake and low physical activity were found to be overweight or obese
Conclusions: A significant correlation between macronutrient intake, physical activity
level, and nutritional status was observed. It is important to raise awareness of balanced
nutrition and encourage physical activity in children to prevent overnutrition and its
associated health problems in the future.

children and adolescents aged 5-19 years was 340 million,

Nutritional status is a condition resulting from the
balance between nutrient intake from food and the
body’s nutritional needs for metabolic processes.
Nutritional needs vary among individuals, depending on
factors such as age, weight, gender, and physical
activity2. Currently, overnutrition is a global health
problem that requires urgent attention3-19, Overnutrition
can affect individuals at any age and is commonly
categorized into overweight and obesity.

To support growth and development, especially
in school-aged children, a balanced diet with adequate
nutrients is essential'’. Nutrition plays a critical role during
childhood!?-1¢, directly impacting optimal growth and
development?’. Children’s nutritional adequacy can be
assessed by examining their nutritional status, as
insufficient intake can lead to various health
problems!®19, According to the World Health Organization
(WHO), the prevalence of overweight and obesity in

with 19% males and 18% females?°. Nutritional problems
in school-aged children are health problems that affect
the future and intelligence of children, thereby requiring
urgent attention?!. Obesity is one of the nutritional
problems that occurs in children and becomes a public
health problem?2223,

According to the 2018 Basic Health Research, the
prevalence of overweight in children increased to 21.8%,
with 10.8% overweight and 9.2% obese?*. Environmental
factors are the main contributors to overweight and
obesity in children?>26, including imbalanced diets, eating
habits, and physical inactivity?’. Physical activity has been
found to correlate significantly with obesity in children2é-
35

Eating habits have also been found to correlate
significantly with obesity in children36-39, Obesity results
from excessive fat accumulation due to imbalance
between energy intake and energy expenditure for a long
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time*%4, Individuals with obesity are at risk for diseases
such as diabetes mellitus, hypertension, cancer, asthma,
coronary heart disease, stroke, gout, and sleep apnea“2.
The prevalence of overweight and obesity among school-
aged children (6-12 years) is 9.2%. The prevalence of
overweight and obesity among school-aged children (6-
12 years) in eleven provinces in Indonesia exceeds the
national average, namely 11.6% in Nanggroe Aceh
Darussalam, 10.5% in North Sumatra, 11.4% in South
Sumatra, 10.9% in Riau, 11.6% in Lampung, 9.7% in Riau
Islands, 12.8% in the Special Capital Region of Jakarta,
10.9% in Central Java, 12.4% in East Java, 14.7% in
Southeast Sulawesi, 14.4% in and West Papua®. The
2018 Basic Health Research revealed the prevalence of
non-communicable diseases among children aged 5-14
years, including asthma (1.9%), cancer (0.031%), diabetes
mellitus (0.004%), and heart disease (0.7%). Among those
aged 15 years and above, the prevalence of central
obesity increased from 18.8% in 2007 to 26.6% in 2013
and 31% in 201844,

The prevalence of adult obesity reached 16.09%
by 2020 and 19.61% in 2021. In response, the Health
Office of East Java Province has launched initiatives such
as the Healthy Living Community Movement (GERMAS)
and the Nusantara Movement to Reduce Obesity Rates
(GENTAS) to address these trends. During the COVID-19
pandemic, the Health Office of East Java Province faced
challenges in meeting obesity handling targets, with only
65% of active integrated service posts (posyandu).
Factors contributing to overweight include genetic
factors, environmental factors (e.g., access to fast food
and lack of physical activity), and hormonal factors (e.g.,
consumption of appetite-stimulating drugs). The short-
term effects of being overweight include reduced
immunity, growth disorders, and respiratory problems,
while the long-term impact of excess weight include the
risk of developing non-communicable diseases such as
coronary heart disease, diabetes mellitus, cancer, and
pregnancy complications?>—48. According to data from the
Central Bureau of Statistics (BPS), the East Java Province
ranks the third lowest levels of physical activity, a
situation that is quite alarming.

The aforementioned background led to the
implementation of this study. This study aims to
determine the correlation between macronutrient
intake, physical activity, and overweight status among
fifth-grade students (10-12 years) at Banjarbendo State
Elementary School, Sidoarjo. The nutritional status of the
students were assessed using body mass index-for-age.

METHODS

This study employed an analytical observational
method with a cross-sectional design. This method allows
the exploration of the how and why behind health
phenomena. It is followed by the examination of the
dynamics of the correlation between phenomena or
between risk factors and effect factors by collecting data
at a single point in time. In this study, both risk and effect
variables for the study population were measured
simultaneously*.

32

Participants

The study population consisted 75 students with
the following criteria: active fifth-grade students,
students in good health, and students who consented to
participate. The sample size was determined using
Slovin's formula (1960) as follows:

N

"TIEN(e)?

~ 75
"= 1+75(0.05)

n = 63,16 (rounded up to 64 respondents)

Variables:

n = Total Sample Required

N = Population Size

(e) = Error Rate (5% of Population Size)

Sampling was performed through simple random
sampling, in which each member of the population was
assigned a number and selected randomly. This resulted
in a total sample size of 64 respondents.

Data Collection

Data collection was carried out over six months,
from September 2023 to March 2024. Initially, consent
forms were distributed to the respondents or their
guardians to obtain their agreement to participate in this
study. Upon obtaining consent, anthropometric
measurements were taken. Height was measured using a
stadiometer accurate to 0.1 cm, while weight was
measured using a digital scale accurate to 0.1 kg. These
measurements were essential for calculating the body
mass index-for-age (BMI-for-age), which was then used
to determine the nutritional status of the students. The
classification of overnutrition status was based on the
WHO 2007 standards. Students with a BMlI-for-age
between >1SD and 2SD were classified as overweight,
while those with BMI greater >2SD were classified as
obese.

Following the anthropometric measurements,
interviews were conducted with the respondents to
assess their dietary intake through a 2x24-hour food
recall, which included one weekday and one weekend
day. Additionally, a 2x24-hour physical activity recall was
conducted to capture their activity levels during both
weekdays and weekends. Food intake data were
categorized into three groups based on the
Recommended Dietary Allowance (RDA): deficit (<90%
RDA), normal (90-119% RDA), and excessive (2120%
RDA). Meanwhile, physical activity data were grouped
into three categories based on Metabolic Equivalent of
Tasks (MET) values: low (1.40-1.69), moderate (1.70-
1.99), and high (2.00-2.40).

Data Analysis

Data analysis was performed in two stages. First,
a univariate analysis was conducted to describe the
frequency distribution of each variable, including
macronutrient intake, physical activity, and overnutrition
status. The data were presented as frequency
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distributions, cross-tabulations, and percentages to
provide a clear overview of the findings. Following this, a
bivariate analysis was carried out to determine the
correlation between the independent and dependent
variables using Spearman's correlation test. This
statistical method was chosen due to the ordinal nature
and non-normal distribution of the variables. The
correlation test was conducted at a 95% confidence level
(a=0.05).

Ethical Considerations

This study received ethical approval from the
Health Research Ethics Committee of the Surabaya
Health Polytechnic, Ministry of Health of the Republic of
Indonesia, with an approval number EA/2931/KEPK-
Poltekkes Sby/V/2024. This study adhered to ethical
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guidelines as outlined by the 2011 WHO standards and
the 2016 CIOMS guidelines, ensuring respect for the
rights and welfare of the participants. Therefore, this
study is expected to provide valuable insights into the
correlation between macronutrient intake, physical
activity, and overnutrition status in children.

RESULTS AND DISCUSSIONS

This section details the correlation between
variables based on the results, which are presented in the
following tables. The results of previous research
compared to this study are also explained in this section.
Table 1 summarizes the characteristics of fifth-grade
students at Banjarbendo State Elementary School,
Sidoarjo who participated in this study.

Table 1. Frequency Distribution of the Characteristics of Fifth-Grade Students at Banjarbendo State Elementary School,

Sidoarjo
Characteristics n %
Gender
Male 37 57.81
Female 27 42.19
Age (Years)
10 25 39.06
11 37 57.82
12 2 3.12
Energy Intake
Severe Deficit 4 6.25
Moderate Deficit 3 4.69
Mild Deficit 7 10.94
Normal 37 57.81
Excessive 13 20.31
Protein Intake
Severe Deficit 2 3.13
Moderate Deficit 4 6.25
Mild Deficit 6 9.37
Normal 23 35.94
Excessive 29 45.31
Fat Intake
Severe Deficit 3 4.69
Moderate Deficit 4 6.25
Mild Deficit 8 12.5
Normal 26 40.62
Excessive 23 35.94
Carbohydrate Intake
Severe Deficit 9 14.06
Moderate Deficit 12 18.75
Mild Deficit 11 17.19
Normal 29 45.31
Excessive 3 4.69
Physical Activity
Light 31 48.44
Moderate 25 39.06
High-Intensity 8 12.5
Nutritional Status
Very Skinny 1 1.56
Skinny 3 4.69
Normal 38 59.37
Overweight 8 12.5
Obese 14 21.88

Classification according to the Indonesian Ministry of Health of 1996 and 2010
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The analysis revealed the age and gender
distribution among the 64 respondents. In terms of age,
the majority of respondents were 11 vyears old,
accounting for 57.82% of the sample, followed by 10-
year-olds at 39.06%, and 12-year-olds at 3.12%. This
distribution suggests that the sample primarily included
younger students, potentially reflecting specific
enrollment patterns at the primary school. In terms of
gender, 57.81% of the respondents were male, while
42.19% were female, indicating a notable predominance
of male students. This gender imbalance may influence
the study's outcomes, especially if the variables are
affected by gender differences.

Overall, the majority of students were 11 years
old and predominantly male. This demographic skew has
implications for the study's results and highlights the
importance of considering age and gender in further
analyses. Future research should aim to stratify samples
by age and gender to enhance representativeness and
generalizability, as well as to investigate the underlying
causes of this demographic distribution, such as school
admission policies or socioeconomic factors.

In terms of nutritional status, the analysis
revealed that most respondents fell within the normal
category, while a smaller but significant proportion fell
within the overweight category. These results suggest
that overnutrition is a health problem at the primary
school. The existing nutritional problems are also
reflected in physical activity data, where most
respondents fell into the light category. At the time of
data  collection, the researchers found that
overnourished students tended to spend more time
buying food and drinks or sitting and socializing with
friends.

Further analysis of nutritional status revealed
that the majority of respondents fell within the normal
category, followed by the obese category with a total of
21.88%. Obesity remains a serious health problem that
occurs in elementary school students. Overall, these
findings highlight the need for targeted nutritional
interventions and educational programs to improve
dietary habits and physical activity among school-aged
children, aiming to reduce the risk of overweight and
obesity.

The analysis of dietary intake and nutritional
status of the 64 students revealed important insights. For
energy intake, 57.82% of respondents met recommended
levels, while 21.88% had a deficit and 20.3% exceeded
recommendations. This indicates that while most
students meet their energy needs, a notable portion is at
risk of undernutrition. For protein intake, 45.32%
exceeded recommended amounts, 35.93% were within
the normal range, and 18.75% had a deficit, suggesting
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potential dietary imbalances. For fat intake, 39.07% of
students met recommended levels, 37.49% exceeded
recommended amounts, and 23.44% had a deficit,
highlighting concerns about overall dietary balance.
Carbohydrate intake is particularly alarming, with 50% of
respondents having a deficit, which is critical for meeting
energy needs, especially in growing children. Physical
activity levels showed that 48.45% of students engaged
in light activities, 39.06% in moderate activities, and only
12.49% in high-intensity activities, indicating a need for
increased physical engagement. Lastly, the nutritional
status of the respondents showed that 59.37% were
classified as normal, while 21.88% were obese and 12.5%
were overweight, raising concerns about long-term
health implications. Overall, these findings highlight the
need for targeted nutritional interventions and
educational programs to improve dietary habits and
physical activity among school-aged children, aiming to
reduce the risk of overweight and obesity.

Correlation between Energy Intake and Overnutrition
The findings indicated that the majority of
students had normal energy intake, with a total of 37
students (57.82%). Among respondents with normal
nutritional status, 27 students (42.19%) normal energy
intake. Conversely, among overnourished respondents,
five students (7.81%) with overweight nutritional status
and eight students (12.5%) with obesity had excessive
energy intake. The 2x24-hour food recall interviews
revealed unhealthy eating patterns among most
overweight children, such as consuming excessive
calories, eating fast food and foods containing saturated
fats, as well as foods and drinks high in sugar.
Additionally, overnourished children were less active
than their friends. During breaks, they typically sat and
ate until the bell rang, while children with normal
nutritional status engaged in active play, such as ball
games, with their friends. The pattern of excessive
consumption and low physical activity leads to ongoing
fat accumulation in the body and limited calorie
expenditure, resulting in unwanted weight gain. This
finding is consistent with a study which found that the
average energy consumption of students with obesity
was 1917.64 kcal, while that of students with normal
nutritional status was 1600.13 kcal. Statistical analysis
showed that energy intake had a significant correlation
with the nutritional status of primary school children
(p=0.000). Excessive macronutrient intake can increase
the body's capacity to accumulate energy. However, this
may result in weight gain and an increased risk of
obesity30. A similar study at Dukuhsari Elementary School
in Sidoarjo Regency also reported a correlation between
energy adequacy and children's nutritional status®!.
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Table 2. Correlation Between Macronutrient Intake and Physical Activity with Overnutrition Among Fifth-Grade Students at Banjarbendo Elementary School, Sidoarjo

Nutritional Status
Variables Very Skinny Skinny Normal Overweight Obese p-value
n % n % n % n % n %

Energy Intake

Severe Deficit 0 0 0 0 4 6.25 0 0 0 0
Moderate Deficit 0 0 0 0 3 4.69 0 0 0 0
Mild Deficit 0 0 1 1.56 4 6.25 0 0 2 3.13 <0.001
Normal 1 1.56 2 3.13 27 42.19 3 4.69 4 6.25
Excessive 0 0 0 0 0 0 5 7.81 8 125
Protein Intake
Severe Deficit 0 0 0 0 2 3.13 0 0 0 0
Moderate Deficit 0 0 1 1.56 3 4.69 0 0 0 0
Mild Deficit 0 0 0 0 5 7.81 0 0 1 1.56 <0.001
Normal 1 1.56 1 1.56 18 28.12 0 0 3 4.69
Excessive 0 0 1 1.56 10 15.63 8 12.5 10 15.63
Fat Intake
Severe Deficit 0 0 0 0 2 3.13 1 1.56 0 0
Moderate Deficit 0 0 0 0 4 6.25 0 0 0 0
Mild Deficit 1 1.56 1 1.56 6 9.38 0 0 0 0 <0.001
Normal 0 0 2 3.13 18 28.13 0 0 5 7.81
Excessive 0 0 0 0 7 10.93 7 10.93 10 15.63
Carbohydrate Intake
Severe Deficit 1 1.56 0 0 7 10.93 0 0 1 1.56
Moderate Deficit 0 0 2 3.13 8 12.5 0 0 2 3.13
Mild Deficit 0 0 0 0 7 10.93 2 3.13 2 3.13 0.005
Normal 0 0 1 1.56 16 25 6 9.38 6 9.38
Excessive 0 0 0 0 0 0 0 0 3 4.69
Physical Activity
Light 0 0 2 3.13 14 21.88 5 7.81 10 15.63
Moderate 1 1.56 1 1.56 17 26.56 3 4.69 3 4.69 0.045
High-Intensity 0 0 0 0 7 10.93 0 0 1 1.56

*) Significant at p-value<0.05 (Spearman’s test)
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Correlation between Protein Intake and Overnutrition

The findings indicated that the majority of
students had normal protein intake, with 23 students
(35.93%) falling into this category. However, among
those with overnutrition status, significant figures
emerged: 10 students (15.63%) were classified as obese
and eight students (12.5%) as overweight status,
suggesting excessive protein intake. This pattern
indicates a potential correlation between excessive
protein consumption and adverse nutritional outcomes.
Food recall interviews further revealed that
overnourished children frequently consumed two to
three servings of protein-rich side dishes and snacks, such
as sausages and meatballs. This increase in protein intake
often accompanied higher carbohydrate consumption,
leading to the accumulation of excess protein stored as
fat and contributing to unwanted weight gain.

These findings are consistent with previous
research, which also established a significant relationship
between protein intake and nutritional status (p=0.000).
Excessive protein intake may lead to weight gain, as
surplus protein is converted into triglycerides through
deamination, a process that releases nitrogen and
transforms the carbon chain into acetyl-CoA. Acetyl-CoA
then facilitates lipid formation, further increasing body
mass>!. Additional research found similar correlations in
overweight children, with 85% of overweight
respondents having adequate protein intake, suggesting
a need for dietary balance>2.

Correlation between Fat Intake and Overnutrition

Among respondents with overnutrition status,
seven students (10.93%) with overweight status and 10
students (15.63%) with obesity had excessive fat intake.
The Spearman’s correlation test revealed a p-
value<0.001. This value indicates a significant correlation
between fat intake and overnutrition among fifth-grade
students at Banjarbendo State Elementary School,
Sidoarjo.

Food recall interviews revealed that children with
overnutrition status mostly consumed high-fat snacks
such as fried foods, while only a small proportion of
students consumed fat from sources such as grains and
vegetables. Diets high in fried and high-fat foods may
increase the risk of overnutrition. Frying methods involve
the process of cooking and drying food items using oil as
a heat-conducting medium. One commonly used frying
technique is deep-fat frying, where food is cooked at high
temperatures and submerged in 0il>3.

These findings are consistent with the research by
Amalia et al., which identified a correlation between fat
intake and children's nutritional status (p-value<0.05)>*.
Ernawati et al. also reported a significant correlation
between fat intake and nutritional status based on BMI-
for-age in Indonesian children aged six months to 12
years®>. Similarly, Fadillah et al. found a correlation
between fat intake and nutritional status in children aged
7-12 years in Semarang City®®.

Correlation between Carbohydrate Intake and
Overnutrition

This study found that the majority of students
had normal nutritional status but insufficient
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carbohydrate intake, with a total of 22 students (34.36%).
Among respondents with overweight nutritional status,
six students (9.38%) with overweight nutritional status
and six students (9.38%) with obesity had normal
carbohydrate intake. Meanwhile, among students with
obesity, three students (4.69%) had excessive
carbohydrate intake. The Spearman’s correlation test
revealed a p-value of 0.005, indicating a significant
correlation between overnutrition and carbohydrate
intake among fifth-grade students at Banjarbendo State
Elementary School, Sidoarjo.

The 2x24-hour food recall interviews revealed
that children with overnutrition status consumed more
complex and simple carbohydrates than specified in the
Nutritional Adequacy Score. The recommended fiber
intake for children aged 7-12 vyears is 23-28 grams.
Complex carbohydrates are high in fiber, minerals, and
vitamins that are essential for the body, while simple
carbohydrates provide quick energy. Low fiber intake and
high simple carbohydrate intake indicate an imbalance in
the consumption of carbohydrate types. Therefore,
excessive consumption of sugary foods can increase the
risk of unwanted weight gain in children. These findings
are consistent with the North African Food and Nutrition
Study and other studies that report a correlation
between carbohydrate intake and overweight status>7->°.

Correlation between Physical Activity and Overnutrition

The findings indicated that the majority of
students engaged in light physical activities, with a total
of 31 students (48.45%). Among the respondents, five
students (7.81%) with overweight nutritional status and
10 students (15.63%) with obesity engaged in light
physical activity. The Spearman’s correlation test
revealed a p-value of 0.045, indicating a significant
correlation between physical activity and overnutrition
among fifth-grade students at Banjarbendo Elementary
School, Sidoarjo. Lifestyle changes often lead to changes
in diets rich in calories, fats, and cholesterol, which,
without adequate physical activity, result in overnutrition
problems. A diet high in calories, fats, and cholesterol
needs to be balanced with physical activity to maintain a
balanced nutritional status.

Active physical activity in children can affect their
BMI and reduce the risk of overnutrition, as there is a
balance between energy intake and expenditure.
Physically active children tend to have good health as
physical activity helps strengthen muscles and bones,
prevents excessive weight gain, and reduces the risk of
chronic diseases. Exercise does not only benefit the
physical health, but also the mental health of children®°.

Most of the respondents only engaged in physical
activities organized by the school once a week, especially
during physical education classes. During breaks, the
respondents tended to buy snacks available inside and
outside the school, and spend time chatting with
classmates. Outside of school hours, most respondents
spent their time watching television, using gadgets,
playing games, or studying. This finding is consistent with
research noting that the increasing prevalence of obesity
in school children is due to their tendency to spend their
leisure time with activities that do not involve much
energy, such as watching television. This condition lowers
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their physical activity level, which in turn contributes to
an unbalanced diet>2.

The use of electronic devices is not only common among
adults, but has also spread among young children.
Prolonged use of these devices can lead to gadget
addiction in children, visible through signs such as
ignoring calls from parents and declines in academic
performance. In addition, frequent gadget use can also
interfere with children's development, especially in terms
of physical, psychological, and social aspects. Physical
development includes the growth of the body in terms of
weight, height, and strength, which are the basis of later
development. This study found that the physical
development of children who frequently used gadgets
were hindered compared to those who rarely used them.
The effects include impaired brain development, red eyes
due to exposure to high radiation, laziness affecting
muscle growth, and weight gain that can lead to
childhood obesity61.62,

CONCLUSIONS

This study showed a significant correlation
between macronutrient intake, specifically energy,
protein, fat, and carbohydrate, and overweight status
among fifth-grade students at Banjarbendo State
Elementary School, Sidoarjo. The prevalence of
overweight and obese students was higher among those
with excessive energy (34.38%), protein (34.38%) and fat
(35.93%) intake, with p-values of less than 0.001.
Carbohydrate intake was also associated with
overnutrition, as evidenced by 34.4% of students
categorized as overnourished and a p-value of 0.005. In
addition, physical activity level significantly influenced
overnutrition status, with 48.45% of students doing light
activity (Physical Activity Index=1.4) and a p-value of
0.045. These findings underscore the urgent need for
regular monitoring of students' nutritional status and
implementation of increased physical activity, such as
morning exercises, to promote healthier dietary practices
and reduce the risk of obesity.

ACKNOWLEDGEMENT

The authors would like to express their gratitude
to all parties involved in the preparation of this article.
The authors also thank the director of the Health
Polytechnic of Surabaya for funding the publication of
this article.

CONFLICT OF INTEREST AND FUNDING DISCLOSURE

All authors have no conflict of interest to declare.
This study was funded by the Health Polytechnic of
Surabaya.

AUTHOR CONTRIBUTIONS

MM: methodology, formal analysis, writing-
original draft, writing-review, and editing; ERP:
conceptualization, investigation, methodology,
supervision, writing-original  draft, writing-review,
resources, and editing.

REFERENCES
1. Sabatino, A. ESPEN practical guideline on clinical

nutrition in hospitalized patients with acute or

e-ISSN: 2580-1163 (Online)
N utriti«‘} n p-ISSN: 2580-9776 (Print)
S Mujayanto and Pratiwi | Amerta Nutrition Vol. 8 Issue 2SP (December 2024). 31-40

10.

11.

12.

37

chronic kidney disease. Clin. Nutr. 43, 2238-2254
(2024).
https://doi.org/10.1016/j.cInu.2024.08.002
Mubhsiroglu, O. Medical nutrition treatment in
cancer patients. Gulhane Medical Journal vol. 59
79-88 (2018).
https://doi.org/10.26657/Gulhane.00005
Lukwa, A. T. Double burden of malnutrition
among women and children in Zimbabwe: a
pooled logistic regression and Oaxaca-Blinder
decomposition analysis. Front. Public Heal. 12,
(2024).
https://doi.org/10.3389/fpubh.2024.1451898
Abeje, E. D. Dietary Habits and Determinants of
Overnutrition Among Secondary and Preparatory
School Adolescents: A Multi-Center Unmatched
Case-Control Study. Am. J. Lifestyle Med. (2024).
https://doi.org/10.1177/15598276241274202
Lai, W. K. Double burden of malnutrition and its
socio-demographic determinants among children
and adolescents in Malaysia: National Health And
Morbidity Survey 2019. J. Heal. Popul. Nutr. 43,
(2024).
https://doi.org/10.1186/s41043-024-00583-7
Nguyen, P. T. Growth patterns of preterm and
small for gestational age children during the first
10 years of life. Front. Nutr. 11, (2024).
https://doi.org/10.3389/fnut.2024.1348225
Pedreschi, A. S. Malnutrition among Children
under Age Five in Panama: Results of the ENSPA
2019. Ann. Glob. Heal. 90, 51 (2024).
https://doi.org/10.5334/aogh.4409

Liu, D. Nutritional improvement status of primary
and secondary school students in the pilot
nutrition improvement areas of Hainan, China
from 2014 to 2021. BMC Pediatr. 24, (2024).
https://doi.org/10.1186/s12887-024-04910-z
Ahmed, M. A. A. Nutritional Status of Adolescents
in Eastern Sudan: A Cross-Sectional Community-
Based Study. Nutrients 16, (2024).
https://doi.org/10.3390/nu16121936
Goldschmidt, A. B. State-level working memory
and dysregulated eating in children and
adolescents: An exploratory ecological
momentary assessment study. Int. J. Eat. Disord.
57, 93-103 (2024).
https://doi.org/10.1002/eat.24087

Kok, B. de. Home consumption of two fortified
balanced energy protein supplements by
pregnant women in Burkina Faso. Matern. Child
Nutr. 17, (2021).
https://doi.org/10.1111/mcn.13134

Amrani, B. El. Nutrient transporters as plant
strategy to adapt to nutrient fluctuations in the
soil. Journal of Plant Nutrition (2024).

Copyright ©2024 Faculty of Public Health Universitas Airlangga

Open access under a CC BY — SA license | Joinly Published by IAGIKMI & Universitas Airlangga

How to cite: Mujayanto, M., & Pratiwi, E. R. (2024) The Correlation between Macronutrient Intake and Physical Activity with Overnutrition among Fifth-Grade
Students at Banjarbendo State Elementary: Hubungan Asupan Makronutrien dan Aktivitas Fisik terhadap Kelebihan Gizi pada Siswa Kelas 5 di Sekolah Dasar

Negeri Banjarbendo. Amerta Nutrition, 8(25P), 31-40.


https://dx.doi.org/10.1016/j.clnu.2024.08.002
https://doi.org/

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Amerta

Nutriti®n

https://doi.org/10.1080/01904167.2024.237781
5

Li, X. Nutrition and feeds for abalone: Current
knowledge and future directions. Reviews in
Aquaculture (2024).
https://doi.org/10.1111/raq.12911

Singh, C. Nutrition Role in Maintaining Health and
Preventing Disease. Current Nutrition and Food
Science vol. 20 966—972 (2024).
https://doi.org/10.2174/1573401319666230818
122640

Sheffield, S. Nutritional importance of animal-
sourced foods in a healthy diet. Frontiers in
Nutrition vol. 11 (2024).
https://doi.org/10.3389/fnut.2024.1424912
O’Doherty, J. Nutritional Strategies to Mitigate
Post-Weaning Challenges in Pigs: A Focus on
Glucans, Vitamin D, and Selenium. Animals vol. 14
(2024). https://doi.org/10.3390/ani14010013
Byrd, K. A behaviour change intervention with
lipid-based nutrient supplements had little
impact on young child feeding indicators in rural
Kenya. Matern. Child Nutr. 15, (2019).
https://doi.org/10.1111/mcn.12660

Khura, B. Minimum dietary diversity is associated
with lower risk of childhood underweight:
Evidence from the 2019/2021 National Family
Health Survey of India. Nutr. Res. 130, 11-21
(2024).
https://doi.org/10.1016/j.nutres.2024.08.003
Gooding, C. Nutritional Challenges among African
Refugee and Internally Displaced Children: A
Comprehensive Scoping Review. Children vol. 11
(2024).
https://doi.org/10.3390/children11030318
Amrynia, S. U. & Prameswari, G. N. Hubungan
Pola Makan, Sedentary Lifestyle, dan Durasi Tidur
dengan Kejadian Gizi Lebih Pada Remaja (Studi
Kasus di SMA Negeri 1 Demak). Indones. J. Public
Heal. Nutr. 2, 112-121 (2022).
https://doi.org/10.15294/ijphn.v2i1.52044
Hartel, C. Breastfeeding for 3 months or longer
but not probiotics is associated with reduced risk
for inattention/hyperactivity and conduct
problems in very-low-birth-weight children at
early primary school age. Nutrients 12, 1-14
(2020). https://doi.org/ 10.3390/nu12113278
Chu, H. Effect of Sports Energy Drink on Fat
Metabolism and Weight Loss of College Students.
Journal of Food Quality vol. (2022).
https://doi.org/10.1155/2022/3978964
Aboagye, R. G. Nutritional status of school
children in the South Tongu District, Ghana. PLoS
One 17, (2022).
https://doi.org/10.1371/journal.pone.0269718

e-ISSN: 2580-1163 (Online)
p-ISSN: 2580-9776 (Print)
Mujayanto and Pratiwi | Amerta Nutrition Vol. 8 Issue 2SP (December 2024). 31-40

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

38

Anggraini, N. V. Pendidikan Orang Tua dan
Obesitas Anak Usia Sekolah Nourmayansa Vidya
Anggraini. 13, 1023-1027 (2022).
http://dx.doi.org/10.33846/sf13425

Ashi, H. Childhood obesity in relation to sweet
taste perception and dental caries — A cross-
sectional multicenter study. Food Nutr. Res. 63,
(2019). https://doi.org/10.29219/fnr.v63.1682
Singh, D. Obesity in adolescents-causes and
consequences. Lifestyle Diseases in Adolescents:
Addressing Physical, Emotional, and Behavioral
Issues 107-120 at
https://api.elsevier.com/content/abstract/scopu
s_id/85203100043  (2024).  https://doi.org/
10.2174/9789815274400124010010

Shankar, K. Environmental forces that shape early
development: What we know and still need to
know. Curr. Dev. Nutr. 2, (2018).
https://doi.org/10.3945/cdn.117.001826
Dowda, M. Association of physical activity,
sedentary behavior, diet quality with adiposity: a
longitudinal analysis in children categorized by
baseline weight status. Int. J. Obes. 48, 240-246
(2024).  https://doi.org/10.1038/541366-023-
01405-2

Qu, Y. Association of sociodemographic and
lifestyle factors and dietary intake with
overweight and obesity among U.S. children:
findings from NHANES. BMC Public Health 24,
(2024). https://doi.org/10.1186/s12889-024-
19637-w

Zhang, E. Associations between joint lifestyle
behaviors and depression among children and
adolescents: A large cross-sectional study in
China. J. Affect. Disord. 352, 110-114 (2024).
https://doi.org/10.1016/j.jad.2024.02.032
Delvert, J. Associations between Motor
Competence, Physical Activity and Sedentary
Behaviour among Early School-Aged Children in
the SELMA Cohort Study. Children 11, (2024).
https://doi.org/10.3390/children11060616
Litwin, L. Associations Between Sedentary Time,
Physical Activity, and Cardiovascular Health in 6-
Year-Old Children Born to Mothers With
Increased Cardiometabolic Risk. Pediatr. Exerc.
Sci. 36, 146-154 (2024).
https://doi/org/10.1123/pes.2023-0058

Liu, Q. Associations of childhood and adulthood
body size, and child-to-adult body size change
with adult telomere length. Diabetes, Obes.
Metab. 26, 4622-4628 (2024).
https://doi/org/10.1111/dom.15825

Lu, Z. Associations of muscle mass, strength, and
quality with diabetes and the mediating role of
inflammation in two National surveys from China

Copyright ©2024 Faculty of Public Health Universitas Airlangga

Open access under a CC BY — SA license | Joinly Published by IAGIKMI & Universitas Airlangga

How to cite: Mujayanto, M., & Pratiwi, E. R. (2024) The Correlation between Macronutrient Intake and Physical Activity with Overnutrition among Fifth-Grade
Students at Banjarbendo State Elementary: Hubungan Asupan Makronutrien dan Aktivitas Fisik terhadap Kelebihan Gizi pada Siswa Kelas 5 di Sekolah Dasar
Negeri Banjarbendo. Amerta Nutrition, 8(25P), 31-40.


https://dx.doi.org/10.2174/9789815274400124010010

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Amerta

Nutriti®n

and the United states. Diabetes Res. Clin. Pract.
214, (2024).
https://doi.org/10.1016/j.diabres.2024.111783
Praxedes, P. Associations of obesity, movement
behaviors, and socioeconomic status with
fundamental movement skills in children: Results
from the REACT project. Am. J. Hum. Biol. 36,
(2024). https://doi.org/10.1002/ajhb.24108

Wou, G. Risk factors for full-term prelabor rupture
of membranes: a prospective nested case-control
study. Chinese J. Evidence-Based Med. 24, 1-15
(2024). https://doi.org/10.7507/1672-
2531.202303166

Lovell, A. L. The evolution of nutritional care in
children and young people with acute
lymphoblastic leukaemia: a narrative review.
Journal of Human Nutrition and Dietetics (2024).
https://doi.org/10.1111/jhn.13273
Pigtkowska-Chmiel, I. The Impact of Chronic
Stress Related to COVID-19 on Eating Behaviors
and the Risk of Obesity in Children and
Adolescents.  Nutrients vol. 16 (2024).
https://doi.org/10.3390/nu16010054

Kim, M. J. The impacts of COVID-19 on childhood
obesity: prevalence, contributing factors, and
implications for management. Ann. Pediatr.
Endocrinol. Metab. 29, 174-181 (2024).
https://doi.org/10.6065/apem.2346094.047
Khani, S. Cold-induced expression of a truncated
adenylyl cyclase 3 acts as rheostat to brown fat
function. Nat. Metab. 6, 1053-1075 (2024).
https://doi.org/10.1038/s42255-024-01033-8
Wu, X. Histone H3 methyltransferase Ezh2
promotes white adipocytes but inhibits brown
and beige adipocyte differentiation in mice.
Biochim. Biophys. Acta - Mol. Cell Biol. Lipids
1866, (2021).
https://doi.org/10.1016/j.bbalip.2021.158901
Suiraoka, I. . Penyakit degeneratif, mengenal,
mencegah dan mengurangi faktor resiko 9
penyakit degeneratif. (2012).

Primasoni, N. Survei aktivitas fisik untuk anak
overweight di sekolah dasar. Jorpres (Jurnal
Olahraga Prestasi) 17, 109-116 (2021).
https://doi.org/10.21831/jorpres.v17i2.40328
Estiasih, T. et al. The Effect of Unsaponifiable
Fraction from Palm Fatty Acid Distillate on Lipid
Profile of Hypercholesterolaemia Rats. J. Food
Nutr. Res. 2, 1029-1036 (2014).
https://doi.org/10.12691/jfnr-2-12-26
Nakayama, M. Age-related changes in the effect
of birth weight on child development: findings
from a Japanese Longitudinal Survey. Japanese
Econ. Rev. 74, 177-197 (2023).
https://doi.org/10.1007/s42973-021-00073-z

e-ISSN: 2580-1163 (Online)
p-ISSN: 2580-9776 (Print)
Mujayanto and Pratiwi | Amerta Nutrition Vol. 8 Issue 2SP (December 2024). 31-40

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

39

Toro, V. De. Growth patterns in infants born to
women with pregestational overweight/obesity
supplemented with docosahexaenoic acid during
pregnancy. J. Pediatr. Gastroenterol. Nutr. 79,
371-381 (2024).
https://doi.org/10.1002/jpn3.12294

Yudkin, J. S. Integration of e-Health Strategies for
Post-COVID-19 Pandemic Pediatric Weight
Management Programs. Telemedicine and e-
Health vol. 30 321-330 (2024).
https://doi.org/10.1089/tm;j.2023.0068

Arnaiz, P. Intervention effects and long-term
changes in physical activity and cardiometabolic
outcomes among children at risk of
noncommunicable diseases in South Africa: a
cluster-randomized controlled trial and follow-up
analysis. Front. Public Heal. 11, (2023).
https://doi.org/10.3389/fpubh.2023.1199381
Notoatmodjo, S. Metodologi  penelitian
kesehatan tahun 2012. (2012).

Qamariyah, B. & Nindya, T. S. Hubungan Antara
Asupan Energi, Zat Gizi Makro dan Total Energy
Expenditure dengan Status Gizi Anak Sekolah
Dasar. Amerta Nutr. 2, 59-65 (2018).
https://doi.org/10.20473/amnt.v2i1.2018.59-65
Zuhriyah, A. & Indrawati, V. Konsumsi energi,
protein, aktivitas fisik, pengetahuan gizi dengan
status gizi siswa SDN Dukuhsari kabupaten
Sidoarjo. GIZI UNESA 1, 45-52 (2021).

Ermona, N. D. N. & Wirjatmadi, B. Hubungan
aktivitas fisik dan asupan gizi dengan status gizi
lebih pada anak usia sekolah dasar di SDN
Ketabang 1 Kota Surabaya tahun 2017. Amerta
Nutr. 2, 97-105 (2018).

Taufik, M. & Seftiono, H. Karakteristik fisik dan
kimia minyak goreng sawit hasil proses
penggorengan dengan metode deep-fat frying. J.
Teknol. 10, 123-130 (2018).

Amalia, R. N., Sulastri, D. & Semiarty, R.
Hubungan konsumsi junk food dengan status gizi
lebih pada siswa SD Pertiwi 2 Padang. J. Kesehat.
Andalas 5, (2016).

Ernawati, F., Pusparini, P., Arifin, A. Y. & Prihatini,
M. Hubungan asupan lemak dengan status gizi
anak usia 6 bulan-12 tahun di Indonesia. (2019).
Fadillah, A., Widajanti, L. & Nugraheni, S. A.
Hubungan asupan gizi dan aktivitas fisik dengan
status gizi (Skor Z IMT/U) anak usia 7-12 tahun
penyandang disabilitas intelektual di Kota
Semarang. Media Kesehat. Masy. Indones. 19,
108-115 (2020).

Mukherjee, u. SOCIO-DEMOGRAPHIC,
HOUSEHOLD FOOD SECURITY AND NUTRITIONAL
STATUS OF OLDER (&gt; 50 Y) WOMEN FROM
RURAL ZAMBIAN COMMUNITIES: A DESCRIPTIVE

Copyright ©2024 Faculty of Public Health Universitas Airlangga

Open access under a CC BY — SA license | Joinly Published by IAGIKMI & Universitas Airlangga

How to cite: Mujayanto, M., & Pratiwi, E. R. (2024) The Correlation between Macronutrient Intake and Physical Activity with Overnutrition among Fifth-Grade
Students at Banjarbendo State Elementary: Hubungan Asupan Makronutrien dan Aktivitas Fisik terhadap Kelebihan Gizi pada Siswa Kelas 5 di Sekolah Dasar
Negeri Banjarbendo. Amerta Nutrition, 8(25P), 31-40.



Amerta e-ISSN: 2580-1163 (Online)
Nutl’iti@? n p-ISSN: 2580-9776 (Print)
Mujayanto and Pratiwi | Amerta Nutrition Vol. 8 Issue 2SP (December 2024). 31-40

STUDY. African J. Food, Agric. Nutr. Dev. 21,

18912-18931 (2021).

https://doi.org/10.18697/AJFAND.105.20490
58. Yous, F. Study of the relationship between

nutrition, physical activity

overweight/obesity in children in a school
context. North African J. Food Nutr. Res. 7, 84-98

(2023).

https://doi.org/10.51745/najfnr.7.15.84-98

59. Sekuli¢, M. R. The analysis of nutritional
predictors of anemia combined with obesity in
primary school-age children. Serbian J. Exp. Clin.
Res. 19, 65-72 (2018).

https://doi.org/10.1515/SJECR-2016-0089
60. Hanifah, L., Nasrulloh, N. & Sufyan,

61.

62.

40

Sedentary Behavior and Lack of Physical Activity
among Children in Indonesia. Child. (Basel,
Switzerland) 10, (2023).
https://doi.org/10.3390/children10081283
Febriani, S. & Pandin, M. G. R. Effect of gadget on
the development of children during pandemic
covid-19 situation. J. Early Child. Care Educ. 4, 83—
91 (2021).
https://doi.org/10.26555/jecce.v4i2.4276
Shalimol, U. S. Level of activity and obesity among
high school children. Indian J. Public Heal. Res.
Dev. 9, 205-209 (2018).
https://doi.org/10.5958/0976-5506.2018.00721.
0

Copyright ©2024 Faculty of Public Health Universitas Airlangga

Open access under a CC BY — SA license | Joinly Published by IAGIKMI & Universitas Airlangga

How to cite: Mujayanto, M., & Pratiwi, E. R. (2024) The Correlation between Macronutrient Intake and Physical Activity with Overnutrition among Fifth-Grade
Students at Banjarbendo State Elementary: Hubungan Asupan Makronutrien dan Aktivitas Fisik terhadap Kelebihan Gizi pada Siswa Kelas 5 di Sekolah Dasar

Negeri Banjarbendo. Amerta Nutrition, 8(2SP), 31-40.


https://doi.org/10.5958/0976-5506.2018.00721

