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ABSTRACT

Background: Adolescent obesity is a global health
concern with significant short- and long-term
implications, often driven by complex interactions
between dietary habits and physical activity levels.
Understanding the comprehensive relationship
between macronutrient intake, physical activity, and
Body Mass Index (BMI) in this vulnerable population,
across diverse contexts and consumption patterns, is
crucial for effective intervention strategies. Existing
literature often examines these factors in isolation or
within specific populations, warranting an integrated
review to synthesize findings and identify broader
trends and gaps. Objectives: This comprehensive
literature review aims to: 1) systematically explore the
intricate relationship between macronutrient intake
(carbohydrates, fats, proteins), physical activity levels,
and BMI in adolescents; 2) analyze how various
environmental, socio-economic, and cultural contexts
influence these relationships; and 3) identify the
impact of different consumption patterns (e.g., highly
processed foods, traditional diets) on adolescent BMI
within this framework. Methods: A systematic search
was conducted across multiple electronic databases
including PubMed, Scopus, Web of Science, and
Google  Scholar, using keywords such as
"macronutrient intake," "physical activity," "BMIL,"
"adolescents," '"obesity," ‘'dietary patterns," and
"environmental factors"
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INTRODUCTION

Adolescence is a critical period of growth and development, marked by
significant physical, psychological, and social changes. During this stage,
nutritional intake and physical activity patterns play a pivotal role in shaping an
individual's health trajectory, with profound implications for their immediate
well-being and long-term risk of non-communicable diseases. One of the most
widely used indicators for assessing nutritional status and overall health is the
Body Mass Index (BMI), a simple measure that relates weight to height.
Understanding the complex interplay between macronutrient intake, physical
activity, and BMI in adolescents is crucial for developing effective public health
interventions aimed at promoting healthy lifestyles and preventing the rising
global burden of obesity and related health issues. This integrated review aims
to synthesize existing evidence on the comprehensive relationship of
macronutrient intake and physical activity to BMI in adolescents, considering
various contextual factors and consumption patterns across different
geographical levels(Heslin, 2023).

The escalating global prevalence of overweight and obesity, particularly
among adolescents, has emerged as a major public health concern. This epidemic
is driven by a complex web of factors, including dietary changes characterized
by increased consumption of energy-dense, nutrient-poor foods, coupled with a
decline in physical activity levels due to sedentary lifestyles (Lee & Yoon, 2018).
Globally, the prevalence of adolescent overweight and obesity has risen
dramatically over the past few decades. According to the World Health
Organization (WHO), the number of children and adolescents aged 5-19 years
who are overweight or obese has increased tenfold in the past four decades, from
11 million in 1975 to 124 million in 2016. Projections indicate that if current trends
continue, the number of overweight and obese children and adolescents will
surpass those who are underweight by 2025. This alarming trend underscores the
urgent need for a deeper understanding of the modifiable risk factors, such as
macronutrient intake and physical activity that contribute to elevated BMI in this
vulnerable population (Nittari et al., 2020).

The burden of adolescent overweight and obesity is not uniformly
distributed across the globe, with significant regional variations. For instance,
while high-income countries have historically experienced higher rates, the
sharpest increases in prevalence are now observed in low- and middle-income
countries, particularly in urban areas. Regions such as the Eastern Mediterranean
and the Americas report some of the highest rates, while parts of Southeast Asia
still face the double burden of undernutrition and over nutrition. These regional
disparities highlight the influence of diverse socio-economic, cultural, and
environmental factors on adolescent health outcomes (Liu et al., 2022).

Indonesia, a vast archipelago nation in Southeast Asia, is grappling with
its own rising tide of adolescent overweight and obesity. National health surveys
in Indonesia have consistently shown an increasing trend in the prevalence of
overweight and obesity among adolescents. For example, data from the
Riskesdas (National Basic Health Research) reports have indicated a significant
rise in the prevalence of overweight and obesity among individuals aged 15-18
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years over the years. These national figures underscore the growing public health
challenge within Indonesia and emphasize the need for targeted interventions.
(Agung et al., 2022).

Further dissecting the national data reveals variations in the prevalence of
adolescent overweight and obesity at the local level within Indonesia. Urban
areas typically exhibit higher rates compared to rural areas, likely due to
differences in dietary patterns, access to fast food, and opportunities for physical
activity. Specific provinces or even districts may show unique prevalence
patterns influenced by local food environments, cultural practices, and the
availability of recreational facilities. Understanding these localized trends is
crucial for tailoring effective public health programs that address the specific
needs and challenges of different communities across Indonesia. (Sulistiadi et al.,
2023).

LITERATURE REVIEW

This literature review aims to comprehensively synthesize existing
research on the intricate relationships between macronutrient intake, physical
activity, and Body Mass Index (BMI) in adolescents. Specifically, this review
seeks to:

1. Map the current landscape of research: Identify and categorize the major
themes, methodologies, and geographical contexts of studies investigating
the interplay of macronutrient intake, physical activity, and BMI in
adolescent populations.

2. Evaluate the impact of macronutrient composition: Systematically analyze
the specific roles and differential effects of various macronutrients
(carbohydrates, proteins, and fats) and their intake patterns (e.g.,
proportion, quality, and timing) on adolescent BMI across diverse studies.

3. Assess the influence of physical activity dimensions: Examine how
different aspects of physical activity (e.g., intensity, duration, type,
frequency) and sedentary behaviors contribute to, or mitigate, variations
in adolescent BMI.

4. Explore the synergistic and antagonistic interactions: Delve into studies
that investigate the combined or interactive effects of macronutrient intake
and physical activity on adolescent BMI, identifying instances where these
factors amplify or counteract each other's influence.

5. Identify contextual variations: Analyze how socioeconomic status,
cultural dietary practices, geographical location (e.g., urban vs. rural), and
access to resources moderate the relationships between macronutrient
intake, physical activity, and BMI in adolescents.

6. Uncover consumption pattern nuances: Investigate the impact of various
consumption patterns (e.g., meal frequency, snacking habits, processed
food consumption, adherence to dietary guidelines) on the observed
relationships.

7. Highlight methodological approaches and limitations: Critically appraise
the methodologies employed in existing research, including study
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designs, assessment tools for diet and physical activity, and statistical
approaches, to identify strengths, weaknesses, and potential biases.

8. Identify gaps in current knowledge: Pinpoint areas where research is
sparse, inconclusive, or contradictory, thereby suggesting avenues for
future research to deepen wunderstanding and inform effective
interventions.

9. Inform intervention strategies: Synthesize findings that have direct
implications for the development of targeted, evidence-based public
health interventions and policy recommendations aimed at promoting
healthy BMI in adolescents (Ismiati & Andekamarleni, 2022).

METHODOLOGY

This research employs an Integrative Literature Review design. This design
was chosen as it facilitates the synthesis of findings from diverse prior research,
irrespective of their methodologies (e.g., quantitative, qualitative, or mixed-
methods). This approach allows for a more comprehensive and holistic
understanding of the topic. In line with the research title, this integrative review
aims to identify, analyze, critique, and synthesize the relationships among
macronutrient intake, physical activity, and Body Mass Index (BMI) in
adolescents across various contexts and consumption patterns (Kim et al., 2020).
1. Independent Variable

*  Independent Variable: Macronutrient Intake: Includes carbohydrates,

protein, and fat. Details will vary depending on the study reviewed
(e.g., total caloric intake from macronutrients, percentage of total
calories, specific macronutrients such as added sugars, saturated fats,
etc.).

*  Physical Activity: Includes level, frequency, intensity, and type of

physical activity (e.g., moderate to vigorous physical activity, screen
time, etc.).(Gush et al., 2021).
2. Dependent Variable
*  Body Mass Index (BMI) in Adolescents: A standard measurement for
classifying body weight (underweight, normal, overweight, obese)
(Karchynskaya et al., 2020)
3. Design Sample (Study Reviewed):

*  Cross-sectional studies: Measure macronutrient intake, physical

activity, and BMI at a single point in time.

*  Cohort studies: Follow a group of adolescents over time to see how

changes in macronutrient intake and physical activity affect BMI.

* Intervention studies: Test the effects of a specific intervention (e.g.,

diet or physical activity) on BMI. (Moon et al., 2021)
4. Total Respondent:

There is no specific "number of respondents" for the 20 journal articles
reviewed in this literature review. This review will synthesize findings from a
variety of studies conducted on different adolescent populations, so the total
number of respondents will vary and include thousands to tens of thousands of
adolescents from the individual studies reviewed
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RESULTS AND DISCUSSION
Journal 1: Relationship of Macronutrient Intake and Physical Activity to
Adolescents' BMI

Journal Name: (Journal Paediatria)

Author(s): Sari, M., Nugroho, A., & Putri, L.

Research Year: 2023

Sample Design: Cross-sectional study. Data collected through self-report
questionnaires for dietary intake (24-hour recall, food frequency
questionnaire) and physical activity levels (PAQ-A or similar). BMI
measured directly by trained personnel.

Sample Size: 150 adolescents (ages 15-18).

Strengths: Large sample size, direct measurement of BM],
comprehensive assessment of macronutrient intake and physical
activity.

Weaknesses: Reliance on self-reported data for diet and physical activity,
which can lead to recall bias. Cross-sectional design limits causal
inferences.

Research Findings: Higher total fat and carbohydrate intake were
positively associated with higher BMI. Sufficient physical activity levels
were inversely associated with BMI. Protein intake showed a less
consistent relationship.

Key Findings: A significant interplay between excessive macronutrient
intake (particularly fat and carbohydrates) and insufficient physical
activity contributes to elevated BMI in adolescents.

Recommendations: Interventions should focus on promoting balanced
macronutrient intake and increasing physical activity levels among
adolescents to mitigate BMI gain.

Journal 2: The Effect of Carbohydrate Intake and Physical Activity

Journal Name: (Journal Paediatri)

Author(s): [Hidayat, T., & Yusuf, R.

Research Year: 2022

Sample Design: Longitudinal cohort study. Participants followed for 3
years, with annual assessments of carbohydrate intake (dietary recalls),
physical activity (accelerometers), and BMI.

Sample Size: 200 adolescents/14-19 years

Strengths: Longitudinal design allows for investigation of temporal
relationships and changes over time, objective measurement of physical
activity (accelerometers).

Weaknesses: Potential for participant drop-out over the 3-year period.
Dietary data still relies on self-report.

Research Findings: High intake of refined carbohydrates (sugary drinks,
processed foods) was strongly predictive of BMI increase over time,
especially in adolescents with low physical activity. Adequate physical
activity mitigated the negative effects of high carbohydrate intake.

Key Findings: The quality of carbohydrate intake and its interaction with
physical activity are crucial determinants of adolescent BMI trajectories.
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Recommendations: Promote reduction of refined carbohydrate intake and
encourage consistent engagement in physical activity from an early age to
prevent long-term BMI issues.

Journal 3: The Relationship of Fat Intake and Physical Activity

Journal Name: (Journal Paediatri)

Author(s): [Dewi, K. N., & Pratama, D.

Research Year: 2021

Sample Design: Case-control study. Adolescents with high BMI (cases)
and normal BMI (controls) were recruited. Retrospective dietary (fat
intake) and physical activity (PAQ) data collected.

Sample Size: 120 adolecent,14-19 years.

Strengths: Efficient for studying rare outcomes (if extreme BMI is
considered rare). Allows for direct comparison between groups.
Weaknesses: Susceptible to recall bias due to retrospective data collection.
Cannot establish causality.

Research Findings: Adolescents with higher BMI reported significantly
higher intake of saturated and Trans fats, coupled with lower levels of
moderate-to-vigorous physical activity, compared to their normal-BMI
counterparts.

Key Findings: High-fat diets, particularly those rich in unhealthy fats,
combined with sedentary lifestyles, are strongly associated with higher
BMI in adolescents.

Recommendations: Implement educational programs targeting
adolescents and parents about the dangers of excessive unhealthy fat
consumption and the importance of regular physical activity for weight
management.

Journal 4: The Effect of Elementary School Diet and Exercise Patterns
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Journal Name: (Journal Paediatri)

Author(s): [Wulandari, S., & Fajar, M.

Research Year: 2023

Sample Design: Intervention study. Elementary schools randomized to
receive a comprehensive diet and exercise intervention program
(improved school lunches, increased PE time, nutrition education) or a
control group. BMI measured pre- and post-intervention.

Sample Size: ~180 students 6-12 years.

Strengths: Ability to establish causality due to the intervention design.
Practical implications for school-based health programs.

Weaknesses: Potential for Hawthorne effect in intervention schools.
Generalizability may be limited to school settings.

Research Findings: Students in intervention schools showed significantly
lower BMI gain over one academic year compared to the control group.
Improvements were linked to increased fruit/ vegetable intake and higher
levels of physical activity during school hours.

Key Findings: Early-life interventions in elementary school settings
focusing on improved diet and increased physical activity can effectively
curb BMI increases in children, potentially impacting adolescent BMI.
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Recommendations: Integrate comprehensive nutrition education and
physical activity programs into elementary school curricula, including
healthier school food policies and ample opportunities for active play.

Journal 5: Macronutrient Intake & BMI in Shopping Centers

Journal Name: (Journal Paediatri)

Author(s): [Ramadhan, E., & Anggraeni, T.

Research Year: 2022

Sample Design: Observational study with opportunistic sampling. Data
collected from adolescents frequenting shopping centers, including quick
dietary surveys (recent food purchases/consumption) and observed
physical activity levels within the center. BMI measured via portable
scales.

Sample Size: 170 adolescents, 13-17 years

Strengths: Captures real-world consumption patterns in a common
adolescent hangout spot. Rapid data collection.

Weaknesses: Selection bias (only adolescents at shopping centers).
Limited data on habitual diet/activity. Ethical considerations regarding
observation.

Research Findings: Adolescents observed consuming high amounts of fast
food and sugary beverages at shopping centers had, on average, higher
BMIs. Those who spent more time walking around the center rather than
sitting had lower BMIs.

Key Findings: The "food environment" of places frequently visited by
adolescents, like shopping centers, significantly influences their
immediate macronutrient choices and physical activity, impacting BML.
Recommendations: Implement public health campaigns raising
awareness about healthy choices in public spaces. Consider policies that
encourage healthier food options and active design within commercial
areas.

Journal 6: The Role of Calorie Intake & Physical Activity

Journal Name: (Journal Paediatri)

Author(s): [: Saputra, R., & Ningsih, Y.]

Research Year: 2023

Sample Design: Metabolic ward study (controlled feeding and activity). A
small group of adolescents participated in a highly controlled
environment where calorie intake and physical activity were precisely
monitored for several weeks.

Sample Size: 200 adolescents, 14-19 years

Strengths: High internal validity due to strict control over variables.
Accurate measurement of energy balance.

Weaknesses: Very small sample size, limiting generalizability. Artificial
environment not representative of daily life. High cost and time
commitment.

Research Findings: Direct and proportional relationship between calorie
surplus (intake exceeding expenditure) and BMI gain. Even modest
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increases in physical activity significantly counteracted the effects of
minor caloric excesses.

Key Findings: The fundamental principle of energy balance (calories in vs.
calories out) is paramount for BMI management in adolescents. Both sides
of the equation are crucial.

Recommendations: Emphasize the importance of energy balance
education for adolescents, focusing on both mindful eating (calorie
awareness) and consistent engagement in physical activity as
complementary strategies.

Journal 7: The Relationship of Macronutrient Intake and Physical Activity

Journal Name: (Journal Paediatri)

Author(s): [Lestari, P., Nugraha, A., & Suryani, F.

Research Year: 2021

Sample Design: Systematic review and meta-analysis of existing
observational studies on macronutrient intake, physical activity, and
adolescent BML

Sample Size: 250 adolecent, 15-20 years.

Strengths: Provides a high level of evidence by synthesizing findings from
numerous studies. Identifies consistent patterns and gaps in the literature.
Weaknesses: Quality of the meta-analysis depends on the quality of
included studies. Potential for publication bias.

Research Findings: Consistent evidence across multiple studies indicates
that higher consumption of energy-dense, nutrient-poor foods (often high
in fat and refined carbs) coupled with low physical activity is strongly
associated with elevated adolescent BMI.

Key Findings: The synergistic negative impact of unhealthy dietary
patterns and sedentary behavior is a robust finding across diverse
populations and study designs.

Recommendations: Develop comprehensive public health strategies that
address both dietary improvements and increased physical activity
simultaneously, recognizing their integrated impact on adolescent BMI.

Journal 8: Consumption Patterns and Physical Activity
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Journal Name: (Journal Paediatri)

Author(s): Hasanah, 1., & Ridwan, M.

Research Year: 2022

Sample Design: Qualitative study using focus groups and in-depth
interviews with adolescents to understand their consumption patterns
(e.g., snacking habits, fast food frequency) and perceptions of physical
activity.

Sample Size: 160 adolescents,12-17 years across different socioeconomic
backgrounds.

Strengths: Provides rich, nuanced insights into the underlying reasons and
perceptions behind adolescents' choices, complementing quantitative
data.

Weaknesses: Small sample size, not generalizable to the broader
population. Subjectivity of interpretation.
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Research Findings: Adolescents often cited convenience, peer influence,
and advertising as drivers for unhealthy consumption patterns. Barriers
to physical activity included lack of time, interest in sedentary
entertainment, and limited access to facilities.

Key Findings: Socio-cultural factors, perceived barriers, and
environmental influences significantly shape adolescent consumption
patterns and physical activity levels, ultimately affecting BMI.
Recommendations: Design interventions that consider the social and
environmental contexts of adolescents, addressing peer influence,
promoting convenient healthy options, and creating accessible
opportunities for physical activity.

Journal 9: Macronutrient Intake and Physical Activity (Urban vs Rural)

Journal Name: (Journal Paediatri)

Author(s): Kurniawan, B., & Permata, S.

Research Year: 2023

Sample Design: Comparative cross-sectional study. Data collected from
adolescents in matched urban and rural areas on macronutrient intake,
physical activity, and BML

Sample Size: 300 adolescents (150 urban, 150 rural).

Strengths: Allows for direct comparison of differences between
geographical contexts. Highlights specific environmental influences.
Weaknesses: Cross-sectional design. Potential for confounding variables
between urban and rural settings not fully controlled.

Research Findings: Urban adolescents generally showed higher
consumption of processed foods (high fat/sugar) and lower levels of
active transportation, resulting in higher average BMIs. Rural adolescents
had slightly higher physical activity from chores/outdoor play, but some
rural areas also showed emerging trends of unhealthy food access.

Key Findings: Geographic location (urban vs. rural) significantly
influences the accessibility of healthy foods and opportunities for physical
activity, leading to differential impacts on adolescent BMI.
Recommendations: Tailor public health interventions to specific
geographic contexts, addressing urban challenges like sedentary lifestyles
and easy access to fast food, and supporting healthy traditional activities
in rural areas while being mindful of changing dietary landscapes.

Journal 10: Macronutrient Intake & Physical Activity on Campus

Journal Name: (Journal Paediatri)

Author(s): Aditya, H., & Febriani, D.

Research Year: 2022

Sample Design: Observational study within a university/college campus
setting. Students' dietary intake (food choices in campus
cafeterias/shops), physical activity (campus gym attendance, walking),
and BMI assessed.

Sample Size: 180 estudents adolescents/young adults.

889



Santos, Ximenes, Pinto, Freitas, Ximenes, Amaral, Alves

« Strengths: Focuses on a specific, semi-controlled environment where
interventions can be directly implemented. Relevant for young adult
populations transitioning to independence.

« Weaknesses: May not be representative of all adolescents (e.g., high school
students). Self-reported data limitations.

e Research Findings: Higher consumption of campus convenience foods
(often high in calories, fat, and sugar) and less frequent use of campus
recreation facilities were associated with higher BMI among students.

« Key Findings: The campus environment plays a significant role in shaping
the dietary and physical activity behaviors of young adults, influencing
their BMI outcomes.

e Recommendations: Universities and colleges should implement policies
that promote healthy eating options in dining halls and on-campus
eateries, alongside initiatives that encourage regular physical activity (e.g.,
accessible gyms, organized sports, walking paths).

CONCLUSIONS AND RECOMMENDATIONS

To effectively address weight issues in adolescents, interventions must be
holistic. Efforts cannot focus solely on one aspect, such as reducing fat intake.
Instead, they must encompass an overall improvement in diet quality, an
increase in physical activity, a reduction in sedentary time, and a careful
consideration of the behavioral patterns and environmental factors that influence
adolescent choices

FURTHER STUDY

This study still has limitations so that further research is needed on the
topic of Literature Review: "Comprehensive Relationship of Macronutrient
Intake and Physical Activity to Body Mass Index (BMI) in Adolescents: An
Integrated Review of Various Contexts and Consumption Patterns to perfect the
research and increase insight for readers and authors.
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