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Abstract

Normal-weight obesity (NWO) is a prevalent health issue characterized by a normal Body Mass Index (BMI) alongside a high body fat 
percentage (BF%). An unhealthy lifestyle, characterized by poor quality of food intake and lack of physical activity, is a contributing 
factor to NWO. This study aims to investigate the differences in healthy food intake, physical activity, and body composition parameters 
between students identified as NWO and normal-weight lean (NWL). This was a cross-sectional study involving 149 university students. 
Body composition measurements were carried out using the InBody 370s. Physical activity data were measured using the General 
Physical Activity Questionnaire, and food intake quality was collected using the Food Frequency and Recommended Food Score (RFS). 
Comparative tests were applied to assess differences in measured variables between groups. Among the participants, 31.5% were 
classified as NWO, 49.7% engaged in moderate physical activity, and only 27.52% adhered to a healthy diet. Furthermore, we found 
lower physical activity (PA) scores and healthy food intake in NWO students compared to NWL group. Significant differences were 
also observed in body composition parameters, where BMI, PBF, fat-mass, fat-free mass, and BMR were higher in students with normal 
weight (p<0.05). This study highlights the urgent need for interventions aimed at promoting healthy lifestyles, which can help students 
achieve and maintain a balanced body composition. By focusing on enhancing physical activity levels and improving dietary intake, it 
is possible to mitigate the risks associated with NWO and achieve better health outcomes. Thus, the findings suggest that universities 
should implement targeted wellness programs, such as nutrition education, campus fitness initiatives, and accessible wellness resources, 
to encourage sustainable lifestyle changes. These measures can help prevent obesity-related health problems and improve students’ 
overall well-being and academic performance.
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Highlights

• NWO is a condition 
marked by normal BMI but 
high percent body fat.
• People with NWO may 
not realize their condition 
despite its serious health 
risk.
• NWO students had lower 
physical activity and poorer 
diet than NWL peers.
• The results highlight 
the need to assess.  body 
composition to detect 
NWO early.
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PURPOSE  

To compare food intake, body 
composition, and physical activity 
levels between university students 

with NWO and NWL, providing 
insights for targeted intervention 

METHOD 

• A cross-sectional study involving 
149 university students.  

• Body composition, food intake 
quality, and physical activity were 
measured. 

• Analyzed using Independent t-test 
and Mann-Whitney  

FINDINGS 
• NWO students had lower physical 

activity and poorer diet than NWL 
peers 

• The results highlight the need to 
assess body composition to detect 
NWO early  

• Promoting healthy lifestyle at 
university is needed to prevent NWO 
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INTRODUCTION

Obesity is a chronic metabolic disorder char-
acterized by increased adipose tissue1,2. Over the 
past three decades, numerous countries have ex-
perienced a two- to threefold increase in obesity 
prevalence3. Globally, over 2.5 billion adults aged 
18 years and older were classified as overweight in 
2022, and nearly 890 million  were obese4. Accord-
ing to the WHO, this number represents an alarming 
rate, with the United States having the highest prev-
alence of obesity worldwide5. Furthermore, obesity 
and overweight cause more than three million deaths 
annually, which is higher than the deaths due to un-
derweight6. Formerly considered as an issue primar-
ily affecting high-income countries, overweight and 
obesity are now common in low and middle-income 
(LMIC) countries7,8, resulting in the increase in obe-
sity-related Disability-Adjusted Life Years (DALYs) 
since 19909. Over the next 40 years, the incidence 
of non-communicable diseases (NCDs) related to 
obesity is projected to double or more in low- and 
middle-income countries (LMICs)10. 

Obesity is commonly assessed using the body 
mass index (BMI) because of its simplicity, low cost, 
and speed1,11. However, research has indicated that 
about 25% of people with excess body fat percent-
age were misclassified based solely on their BMI12. 
This misclassification occurs because BMI does not 
differentiate between fat and lean tissue13,14, particu-
larly in individuals with a BMI of 30 kg/m² or lower 
who may still have high levels of body fat. This has 
led to the emergence of te term called normal-weight 
obesity (NWO), which refers to individual with a nor-
mal BMI but elevated body fat percentage15-17. There 
is still no clear consensus on the body fat cutoff used 
to define NWO. However, many studies suggest that 
the body fat percentages exceeding 20% in men and 
30% in women meet the criteria for NWO18,19.

The worldwide prevalence of NWO in the adult 
population is quite high, ranging from 4.5% to 22%20. 
Sharing some similarities with obesity, people with 
normal-weight obesity (NWO) have a higher risk of 
developing nutrition-related non-communicable dis-
eases (N-NCDs)15. Women with NWO tend to have 
a 2.2-fold higher risk of developing cardiovascular 
disease and mortality compared to their peers with 
normal-weight lean (NWL)19. This issue is particularly 
relevant for university students, who often experi-

ence lifestyle changes during the transition to adult-
hood21. During this time, students experience vari-
ous changes such as academic demands, increased 
independence, and the social influences of the new 
environment that may contribute to unhealthy habits 
such as poor dietary choices and decreased physical 
activity22–24, making them more vulnerable to NWO 
without realizing it. Furthermore, a study found 
that NWO negatively impacts physical function 
and overall quality of life25. However, because they 
are frequently classified as “normal weight,” most 
people with NWO and healthcare practitioners are 
probably unaware of these risks19. 

Epidemiological studies have emphasized the 
critical role of dietary intake in influencing body 
composition, which, along with physical activity and 
genetic predispositions, constitute the modifiable 
factors contributing to normal-weight obesity26,27. 
These studies suggest that poor dietary intake, 
characterized by high caloric intake and low nutri-
ent density, can lead to an accumulation of body 
fat even in individuals who appear to be of normal 
weight. Although the exact cause of NWO is not 
clear, an unhealthy lifestyle – including prolonged 
sedentary behavior and lack of physical activity – 
is also considered a significant cause of excessive 
body fat accumulation among university students28. 
A previous study in Brazilian young adults revealed 
that the prevalence of NWO was higher among sed-
entary people than active ones (10.8% vs. 5.3%)27. 

Gaining a deeper understanding of the risk fac-
tors associated with normal weight obesity (NWO) is 
crucial for developing interventions and policies that 
encourage healthy lifestyles among young adults11. 
Given the significant impact of unhealthy lifestyles 
on body composition and its potential risks, it is im-
portant to assess lifestyle factors, including dietary 
intake, body composition, and physical activity in 
students with NWO and NWL. Our study is among 
the first in Indonesia to examine NWO in university 
students, addressing a critical research gap in this 
population.  This is supported by the scarcity of re-
search on NWO in Indonesia. Therefore, this study 
aims to compare dietary intake, body composition, 
and physical activity levels between university stu-
dents with NWO and NWL, providing insights for 
targeted interventions.

https://creativecommons.org/licenses/by/4.0/
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METHODS

Study Design
This was a quantitative, cross-sectional study in 

which independent and dependent variables were 
measured simultaneously. 

Participants
The population of this study comprised students 

from various departments and faculties. Partic-
ipants were selected using a purposive sampling 
technique based on the following  inclusion crite-
ria: (1) age between 18 and 24 years; (2) registered 
as active university students; (3) willingness to par-
ticipate, as demonstrated by signing an informed 
consent form; and (4) absence of ongoing drug 
therapy involving steroids, diet medications, or 
similar substances. Exclusion criteria included par-
ticipants following specific dietary patterns (e.g., 
vegan or ketogenic diets) and those engaging in 
activities that might affect metabolism, appetite, or 
body composition (e.g., extreme exercise). A total 
of 149 students met these criteria and were includ-
ed in the study. This study was conducted in ac-
cordance with the guidelines of the Declaration of 
Helsinki. All procedures involving human subjects/

patients were conducted following the research 
protocol of Universitas Negeri Surabaya.

Data Collection
Data on food intake were collected using a val-

idated food frequency questionnaire (FFQ) specifi-
cally designed for adolescents, developed by Slater 
et al.29. The FFQ included additional items that are 
commonly consumed in the local context. It con-
sisted of 50 items, with consumption frequencies 
categorized as never, less than once a month, 1-3 
times a month, once a week, 2-4 times a week, once 
a day, and twice or more per day. The information 
gathered was assessed using the Recommended 
Foods Score (RFS), an index of healthy diet quality. 
The RFS, developed by Kant30, is an instrument used 
to evaluate overall diet quality through the FFQ, fo-
cusing on the intake of lean meats, fruits, and veg-
etables, and low-fat dairy products (see Table 1). In 
this study, we adapted the RFS to the Indonesian 
dietary context. Respondents received one point for 
each item consumed at least once a week, resulting 
in a maximum possible score of 50 points. A higher 
RFS score indicates better diet quality.

Table 1 - List of Healthy Food Items Based on Recommended Food Score (RFS), Indonesia 2025.

Group Food Total Item

Vegetables Cabbage, spinach, broccoli, tomatoes, lettuce, carrot, peas or corn, beansprout, cucumber, potatoes, basil, radish, 
celery, cauliflower, eggplant, kale, watercress, ferns 18

Fruits Oranges, pears or apples, watermelon, banana, lemon, melon, strawberry, pineapple, mango, guava, papaya, avo-
cado, star fruit, dragon fruit, grapes, 15

Nuts Soybean, mungbean, almond, peanut 4

Cereals Oat, rice, barley 3

Dairy products Skimmed milk, yoghurt, cheese, soymilk 4

Meat/fish Grilled chicken/beef/fish, roasted chicken/beef/fish 6

Total 50

 
Source: List of food items classified by authors, consisting of ingredients commonly consumed by local Indonesian.

https://creativecommons.org/licenses/by/4.0/
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Data on physical activity were collected using 
the General Physical Activity Questionnaire – Short 
Form (GPAQ-SF). The GPAQ is a globally recog-
nized tool developed by the World Health Organi-
zation to assess physical activity. It has been validat-
ed against accelerometer-based studies, showing a 
moderate to strong correlation with objective phys-
ical activity measurements. The GPAQ-SF has also 
demonstrated good test-retest reliability, ensuring 
consistent classification of physical activity levels. 
The selection of this tool ensures accurate, reliable, 
and reproducible data collection for evaluating body 
composition and physical activity levels in the study 
population31,32.

The physical activity score was calculated using 
MET-minutes per week, which is derived from the to-
tal duration (in minutes) and frequency (in days) of 
walking, moderate, and vigorous activities, each mul-
tiplied by its respective MET value. Final scores were 
categorized into three levels: mild (< 600 MET-min-
utes/week), moderate (600-3000 METs-minutes/

week), and severe (> 3000 MET-minutes/week).
Body composition measurements included an-

thropometry (body weight and body mass index), 
body fat percentage (PBF), fat mass (FM), fat-free 
mass (FFM), and basal metabolic rate (BMR). Mea-
surements were obtained using InBody 370s (InBod-
y370s; Biospace, Seoul, South Korea). The InBody 
370 was chosen for body composition analysis be-
cause of its well-established validity and reliability. 
This bioelectrical impedance analysis (BIA) device 
has been validated against gold-standard methods 
such as dual-energy X-ray absorptiometry (DXA)33, 
showing strong correlations for PBF, FM, FFM, and 
BMR measurements. Its reliability is demonstrated 
by consistent readings across repeated measure-
ments, making it a suitable tool for assessing nutri-
tional status34. Nutritional status was determined us-
ing BMI-for-age z-scores for respondents aged 13-19 
years and BMI (kg/m²) for those aged ≥ 20 years 
and above (for Indonesian population). The interpre-
tation of BMI measurement results is as follows:

Table 2 - BMI Classification, Indonesia 2024.

z-score BMI-for-age35 BMI36 Category

< -3SD < 17.0 kg/m2 Severe underweight

< -2 SD until -3 SD 17.0 – 18.4 kg/m2 Underweight

-2 SD until 1 SD 18.5 – 25.0 kg/m2 Normal

> 1 SD until 2 SD 25.1 – 27.0 kg/m2 Overweight

> 2 SD > 27.0 kg/m2 Obese

 
Source: WHO and Ministry of Health of Indonesia.

NWO was defined according to Parfenteva’s cri-
teria as a BMI of 18.5–25.0 kg/m² combined with 
a body fat percentage greater than 25% for males 
and greater than 30% for females16.

Data Analysis
Data were analyzed using SPSS 29 and Graph-

Pad Prism for Mac. Data were presented descrip-
tively in a frequency distribution table by displaying 
the mean and standard deviation. Group differenc-
es in RFS score, physical activity, and body compo-
sition parameters were assessed using independent 
t-tests and Mann–Whitney U tests, as appropriate. 
The significant level was set at a = 0.05.

https://creativecommons.org/licenses/by/4.0/
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The basic characteristics and sociodemograph-
ics of the study subjects are presented in Table 3. A 
total of 149 students participated in this study. Most 
of the participants were male (97; 65.1%) and aged 
19 years (55%). A total of 100 students (67.1%) 
were in their second semester, and the remaining 
34.9% were students in their fourth semester. The 
majority of them came from rural areas (70.5%) 
and resided in boarding houses or rented accom-
modation (59%). Descriptive analysis of baseline 

BMI showed that 27 students (18.1%) were under-
weight, 107 students (71.8%) were normal weight, 
and 15 students (10.1%) were overweight. Of the 
149 students, 31.5% had NWO, and almost half 
of the total respondents had a moderate level of 
physical activity (49.7%). Regarding dietary intake, 
the results showed that only a quarter of students 
(27.52%) had RFS score above the 80th percentile, 
indicating that most students had low intake of 
healthy foods.

RESULTS 

Table 3 - Baseline Characteristics of Participants (N=149), Indonesia 2024.

Variables f %

Gender

Male 97 65.1%

Female 52 34.9%

Age

18 years 45 30.2%

19 years 82 55%

20 years 22 14.8%

Body mass index

Underweight (<18.5 kg/m2) 27 18.1%

Normal (18.5-25.0 kg/m2) 107 71.8%

Overweight (>25.0 kg/m2) 15 14.1%

PBF status

NWO 47 31.5%

NWL 102 68.5%

Semester

Second semester 49 32.9%

Fourth semester 100 67.1%

Origins

Urban area 44 29.5%

Rural area 105 70.5%

Living arrangement

With parent 40 26.9%

Rented house 88 59%

University dormitory 21 14.1%

Food intake (RFS score)

> 80th percentile 41 27.52%

< 80th percentile 108 72.48%

Physical activity level

Low (<600 MET) 59 39.6%

Moderate (600-3000 MET) 74 49.7%

High (>3000 MET) 16 10.7%

 
Source: Data collection analyzed by authors, 2024.
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Body composition variables analyzed in this study 
included body weight, height, BMI, percent body fat 
(PBF), fat-mass, fat-free mass (FFM), and basal meta-
bolic rate (BMR). The results of descriptive analysis of 
these variables showed that the average body weight 
was 57.57 ± 11.34 kg, the average height was 164.32 
± 8.21 cm, and the body mass index was 21.23 ± 3.27 

kg/m2. The average percentage of body fat, fat mass, 
fat-free body mass, and BMR were 20.06 ± 8.93%, 
11.49 ± 6.22 kg, 46.08 ± 9.16 kg, and 1365.38 ± 
197.87, respectively. Meanwhile, the mean score of 
healthy food intake that was measured using Recom-
mended Food Score was 32.87 ± 2.45 and the mean 
MET score was 1827.5 ± 119.03 (Table 4).

Table 4 - Descriptive Analysis of Body Composition, Physical Activity, and Healthy Food Intake among Students 
(n=149), Indonesia 2024.

Variables Mean SD

Healthy food intake

RFS (Recommended Food Score) 32.87 2.45

Body composition

Body weight (kg) 57.57 11.34

Height (cm) 164.32 8.21

Body mass index (kg/m2) 21.23 3.27

Percent body fat (PBF) (%) 20.06 8.93

Fat-mass (FM) (kg) 11.49 6.22

Fat-free mas (FFM) (kg) 46.08 9.16

Basal metabolism rate (BMR) 1365.38 197.87

Physical activity

MET score 1827.5 119.03

 
Source: Data collection analyzed by authors, 2024.

Figure 1 - The comparison of bodyweight, fat-mass, and fat-free mas between NWO and NWL students, Indonesia 2024.

https://creativecommons.org/licenses/by/4.0/
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The present study shows that 31.5% of stu-
dents had body-fat percentages consistent with 
normal-weight obesity. These findings align with 
research from India (24.6% in males and 13.5% in 
females)37, Brazil (70.7%)38, and China (25.5% in 
males and 40.1% in females)39, where significant 
yet variable prevalences of NWO have been report-
ed in young adults, including university students. 
These variations may be due to differences in as-
sessment methods or other factors contributing to 
dietary pattern and physical activity levels. The use 
of InBody370, a bioelectrical impedance analysis 
device, may produce results that differ slightly from 
those obtained using DXA or simple anthropomet-
ric measurements, which could partially explain the 
discrepancies in reported prevalence.

The present study found that only 27.52% of 
students achieved high RFS scores, indicating low 
intake of healthy foods. Furthermore, students with 
NWO appeared to have lower RFS scores than their 
NWL counterparts. The findings align with a previous 
study that observed university students with NWO 
had lower intakes of micronutrient- and antioxi-
dant-rich foods40, a dietary pattern similar to that of 
overweight or obese people41. These findings clarify 
why individuals with normal-weight obesity (NWO) 

can maintain a normal weight while exhibiting a 
high body fat percentage. Supporting this observa-
tion, various studies have indicated that traditional 
and Mediterranean dietary patterns - characterized 
by high consumption of fresh vegetables, fruits, 
whole grains, and fish - are linked to a reduced risk 
of obesity and related health issues42,43. Conversely, 
Western diets – high in calories and rich in sweet-
ened-foods, refined grains, processed or fried items, 
and alcoholic beverages – are associated with an 
increased risk of obesity and metabolic syndrome44. 
Previous studies have also shown that consumption 
of high-calorie foods, especially from fat and sugar 
sources, contributes to body fat accumulation even 
when body weight remains within normal limits45. 
For instance, a study by Santos et al.46 found that 
consumption of high-calorie ultra-processed foods 
was significantly associated with increased body fat 
percentage in adolescents, indicating that, despite 
normal BMI, they remain at risk of obesity-related 
health problems.

Although the exact risk factors of NWO are not 
yet fully understood, physical inactivity appears 
to be a significant contributing factor. The pres-
ent study found that the average physical activity 
(PA) score of students with NWO was significantly 

DISCUSSION

The analysis of dietary habits also revealed a sig-
nificant difference in healthy food intake between 
the NWO and NWL groups, with a p-value of 0.045. 
These findings underscore the differences in physi-

cal characteristics, activity levels, and dietary prac-
tices between the NWO and NWL groups, highlight-
ing the importance of addressing these factors in 
health-promotion efforts among young adults.

Table 5 - Comparison of Body Composition, Physical Activity Score, and Quality of Dietary Intake in NWO and 
Non-NWO Groups, Indonesia 2024.

Variable
Mean ± SD

NWO NWL p-value

Body composition

Body weight (kg) 57.84 ± 9.08 57.44 ± 12.28 0.256

Height (cm) 160.53 ± 6.76 166.06 ± 8.26 0.049*

Body mass index (kg/m2) 22.35 ± 2.39 20.72 ± 3.46 0.017*

Percent body fat (PBF) (%) 28.39 ± 5.34 16.23 ± 7.54 0,000*

Fat-mass (FM) (kg) 15.57 ± 4.26 9.60 ± 6.10 0,000*

Fat-free mas (FFM) (kg) 42.27 ± 7.91 47.84 ± 9.19 0.000*

Basal metabolism rate (BMR) 1282.85 ± 170.87 1403.41 ± 198.60 0.002*

Physical activity

MET score 1061.45 ± 99.20 1680.55 ± 100.85 0.020*

Healthy food intake

RFS (Recommended Food Score) 31.26 ± 7.51 33.94 ± 8.22 0.045*

 
Source: Data collection analyzed by authors, 2024.

https://creativecommons.org/licenses/by/4.0/
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In conclusion, we found lower score of physical 
activity and healthy food intake on NWO students 
compared to NWL group. Significant differences were 
also observed in body composition parameters: BMI, 
PBF, fat-mass, fat-free mas, and BMR were higher in 
students with normal weight. These findings highlight 
the importance of assessing body composition to 
identify potential risks of non-communicable diseases 
(NCDs) and to improve overall health. Despite mod-
erate levels of physical activity, there remains room 
for improvement, particularly by encouraging more 

consistent exercise. Similarly, improving diet quality - 
especially by increasing fruit and vegetable intake - is 
essential for long-term health.

To address these issues, universities should pro-
mote structured physical-activity programs, increase 
access to recreational facilities, and incorporate nu-
trition education into student health initiatives. Pro-
moting regular exercise and a balanced diet through 
awareness campaigns and professional support can 
help university students adopt healthier lifestyles. Fu-
ture research should focus on longitudinal studies to 

CONCLUSION

lower than those of their normal-weight lean peers. 
This finding aligns with previous researches that 
highlight the influence of physical activity on body 
composition47–49. Increased fat mass is often linked 
to lower levels of physical activity, emphasizing 
the importance of an active lifestyle in maintain-
ing healthy body composition50. The results of this 
study build on previous research by demonstrating 
that young adults with a normal BMI but high lev-
els of body fat performed worse on three differ-
ent measures of physical fitness11. Since reduced 
physical activity is a known predictor of chronic 
disease51, these findings have significant clinical 
implications. Therefore, students identified as hav-
ing normal-weight obesity (NWO) should not only 
adhere to standard physical activity guidelines but 
also focus on progressive endurance exercise to 
lower body fat and mitigate potential health risks52. 
Moreover, studies have shown that alterations in 
body composition - particularly increases in fat 
mass and decreases in muscle mass - can lead to 
significant health concerns, including obesity and 
metabolic disorders53,54. These changes are particu-
larly relevant, as they may contribute to the devel-
opment of normal-weight obesity. 

Importantly, while this study concentrated on 
NWO in young adults, it does not imply that the 
health risks associated with being overweight or 
obesity can be overlooked. Given the potential 
impact of physical activity in preventing NWO55, 
our findings underscore the necessity of incorpo-
rating body composition analysis in future preven-
tive studies and practices, rather than relying solely 
on BMI measurements. This finding highlights the 
critical need for regular body composition assess-
ments as part of nutritional status and physical fit-
ness evaluations40. Holmes and Racette56 empha-
sized the necessity of measuring body composition 
to accurately assess health outcomes, indicating 

that individuals with lower body fat percentages 
generally exhibit better fitness levels. This relation-
ship suggests that maintaining an optimal balance 
of fat mass and lean mass is essential for overall 
health and fitness57. Thus, this study provides valu-
able insights into the intricate relationship between 
body composition and overall health. It highlights 
the urgent need for interventions aimed at promot-
ing healthy lifestyles, which can help individuals 
achieve and maintain a balanced body composi-
tion. Focusing on enhancing physical activity lev-
els and improving dietary habits, it is possible to 
mitigate the risks associated with NWO and foster 
better health outcomes across populations.

Additionally, the findings emphasize the impor-
tance of incorporating body composition analysis 
into health assessments rather than relying solely 
on BMI, as previously recommended in the litera-
ture. This study employed bioelectrical impedance 
analysis (BIA), a widely used method to estimate 
body fat percentage. However, it is important to 
acknowledge that anthropometric techniques - 
such as skinfold thickness measurements and body 
circumference assessments - are recognized as 
valid and reliable indirect methods for evaluating 
body composition, especially when performed by 
trained personnel. These techniques can comple-
ment the BIA and may yield different results due 
to variations in the measurement principles. There-
fore, combining anthropometry with BIA can pro-
vide a more comprehensive understanding of a per-
son’s body composition, especially in populations 
where access to more advanced methods such as 
DXA is limited. Future research should incorporate 
both anthropometry and BIA measurements to es-
timate body fat. Moreover, longitudinal studies can 
be done to assess the progression of NWO and 
the impact of physical activity and dietary interven-
tions over time.

8

https://creativecommons.org/licenses/by/4.0/


Mundo Saúde. 2025,49:e16642024 
DOI: 10.15343/0104-7809.202549e16852024I

CRediT author statement

Conceptualisation: Hariyanto, A; Sholikhah, AM. Methodology: Hariyanto, A; Sholikhah, AM. Validation: Akhmad, I; Nasuka, N. Statistical analysis: 
Sholikhah, AM; Hartati, H. Formal analysis: Mautang, TWE. Research: Hariyanto, A; Nasuka, N. Resources: Hariyanto, A; Usman, A. Writing-preparing 
the original draft: Sholikhah, AM; Akhmad, I. Writing-revising and editing: Sholikhah, AM; Hariyanto, A; Nasuka, N. Viewing: Mautang, TWE; Usman, A. 
Supervision: Hariyanto, A. Project management: Hartati, H; Usman, A.

All authors have read and accepted the published version of the manuscript.

Declaration of competing interest

The authors declare that they have no known competing financial interests or personal relationships that could have appeared to influence the work 
reported in this paper.

1. Sweatt K, Garvey WT, Martins C. Strengths and Limitations of BMI in the Diagnosis of Obesity: What is the Path Forward? Curr Obes Rep. 2024 Set 
1;13(3):584–95. 
2. Horwitz A, Birk R. Adipose Tissue Hyperplasia and Hypertrophy in Common and Syndromic Obesity—The Case of BBS Obesity. Nutrients. 2023 
Jan;15(15):3445. 
3. Tiwari A, Balasundaram P. Public Health Considerations Regarding Obesity. In: StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing; 2025 
[citado em 06 Abr. 2025]. Disponível em: http://www.ncbi.nlm.nih.gov/books/NBK572122/
4. WHO. Obesity and overweight [Internet]. 2024 [citado em 19 Nov 2024]. Disponível em: https://www.who.int/news-room/fact-sheets/detail/obesity-
and-overweight
5. Jean N, Somers VK, Sochor O, Medina-Inojosa J, Llano EM, Lopez-Jimenez F. Normal-weight obesity: implications for cardiovascular health. Curr 
Atheroscler Rep. 2014 Dec;16(12):464. 
6. Ryan D, Barquera S, Barata Cavalcanti O, Ralston J. The Global Pandemic of Overweight and Obesity. In: Kickbusch I, Ganten D, Moeti M, editors. 
Handbook of Global Health [Internet]. Cham: Springer International Publishing; 2021 [citado em 19 Nov 2024]. p. 739–73. Disponível em: https://doi.
org/10.1007/978-3-030-45009-0_39
7. Oliveros E, Somers VK, Sochor O, Goel K, Lopez-Jimenez F. The concept of normal weight obesity. Prog Cardiovasc Dis. 2014;56(4):426–33. 
8. Sholikhah AM, Tuah NAAHM. Predictors of Overweight and Obesity Among Children and Adolescents in Developing Countries: A Literature Review. 
In Atlantis Press; 2021 [citado em 20 Maio 2024]. p. 338–50. Disponível em: https://www.atlantis-press.com/proceedings/ijcah-21/125967461
9. Ford ND, Patel SA, Narayan KMV. Obesity in Low- and Middle-Income Countries: Burden, Drivers, and Emerging Challenges. Annu Rev Public Health. 
2017 Mar 20;38:145–64. 
10. Rtveladze K, Marsh T, Barquera S, Romero LMS, Levy D, Melendez G, et al. Obesity prevalence in Mexico: impact on health and economic burden. 
Public Health Nutrition. 2013 Fev 1;17(1):233. 
11. Zhang M, Schumann M, Huang T, Törmäkangas T, Cheng S. Normal weight obesity and physical fitness in Chinese university students: an overlooked 
association. BMC Public Health. 2018 Dez 4;18(1):1334. 
12. Javed A, Jumean M, Murad MH, Okorodudu D, Kumar S, Somers VK, et al. Diagnostic performance of body mass index to identify obesity as defined 
by body adiposity in children and adolescents: a systematic review and meta-analysis. Pediatr Obes. 2015 Jun;10(3):234–44. 
13. Wu Y, Li D, Vermund SH. Advantages and Limitations of the Body Mass Index (BMI) to Assess Adult Obesity. International Journal of Environmental 
Research and Public Health. 2024 Jun;21(6):757. 
14. Potter AW, Chin GC, Looney DP, Friedl KE. Defining Overweight and Obesity by Percent Body Fat Instead of Body Mass Index. The Journal of Clinical 
Endocrinology & Metabolism. 2025 Abr 1;110(4):e1103–7. 
15. Correa-Rodríguez M, González-Ruíz K, Rincón-Pabón D, Izquierdo M, García-Hermoso A, Agostinis-Sobrinho C, et al. Normal-Weight Obesity Is 
Associated with Increased Cardiometabolic Risk in Young Adults. Nutrients. 2020 Abr;12(4):1106. 
16. Parfenteva OI, Kulemin NA, Bondareva EA, Ahmetov II. Prevalence and Predictors of Normal-Weight Obesity among Women. Nutrients. 2024 
Jan;16(16):2579. 
17. M Y, Trivedi N, Makwana N, Krishna PHPP, D K. Prevalence of normal weight obesity and its cardiometabolic implications among government doctors 
in Gujarat, India: a cross-sectional study. Clinical Diabetes and Endocrinology. 2024 Set 25;10(1):28. 
18. Khonsari NM, Khashayar P, Shahrestanaki E, Kelishadi R, Mohammadpoor Nami S, Heidari-Beni M, et al. Normal Weight Obesity and Cardiometabolic 
Risk Factors: A Systematic Review and Meta-Analysis. Front Endocrinol (Lausanne). 2022 Mar 24;13:857930. 
19. Wijayatunga NN, Dhurandhar EJ. Normal weight obesity and unaddressed cardiometabolic health risk-a narrative review. Int J Obes (Lond). 2021 
Out;45(10):2141–55. 
20. Romero-Corral A, Somers VK, Sierra-Johnson J, Korenfeld Y, Boarin S, Korinek J, et al. Normal weight obesity: a risk factor for cardiometabolic 
dysregulation and cardiovascular mortality. Eur Heart J. 2010 Mar;31(6):737–46. 
21. Åsberg K, Eldh AC, Löf M, Bendtsen M. ‘Simply complicated’: Uncovering the processes of lifestyle behavior change among college and university 
students with access to a digital multiple lifestyle intervention. Digit Health. 2024;10:20552076241245905. 
22. Lonati E, Cazzaniga E, Adorni R, Zanatta F, Belingheri M, Colleoni M, et al. Health-Related Lifestyles among University Students: Focusing on Eating 
Habits and Physical Activity. International Journal of Environmental Research and Public Health. 2024 Maio;21(5):626. 
23. Pudjijuniarto P, Sholikhah AM, Yuliastrid D, Yuhantini EF, Putera SHP. Overweight and Obesity among University Student: Cross Sectional Study 
Exposes Association with Food Habit and Physical Activity. International Journal of Disabilities Sports &Health Sciences. 2024 Mar 25;7(2):326–34. 

REFERENCES

monitor the progression of NWO and assess the im-
pact of targeted interventions. Additionally, exploring 
psychosocial factors such as stress and sleep can pro-

vide further insight into the behavioral factors influ-
encing physical activity and nutrition among college 
students.

ACKNOWLEDGEMENTS: The author would like to thank Universitas Negeri Surabaya for the financial support in the form of non-APBN research grants 
under the APKORI scheme. The author also thanked all parties who had assisted in the implementation of this research. 

9

https://creativecommons.org/licenses/by/4.0/


Mundo Saúde. 2025,49:e16672024 
DOI: 10.15343/0104-7809.202549e16852024I

How to cite this article: Hariyanto, A., Mautang, T.W.E.,Usman, A., Akhmad, I., Hartati, Nasuka, Sholikhah, A.M. (2025). Differences in 
Food Intake, Body Composition, and Physical Activity Between University Students with Normal-Weight Obesity and Normal-Weight 
Lean. O Mundo Da Saúde, 49. https://doi.org/10.15343/0104-7809.202549e16852024I. Mundo Saúde. 2025,49:e16852024.

24. Yuliastrid D, Sholikhah AM, Mustar YS, Noordia A, Perwira A, Putera SHP. A Cross-Sectional Study Exploring Sport Participation, Perceived Stress, and 
Its Association With Life Satisfaction Among University Students. Sports Science and Health. 2024;14(1):5–12. 
25. Rakhmat II, Putra ICS, Wibowo A, Henrina J, Nugraha GI, Ghozali M, et al. Cardiometabolic risk factors in adults with normal weight obesity: A 
systematic review and meta-analysis. Clin Obes. 2022 Ago;12(4):e12523. 
26. Lachat C, Otchere S, Roberfroid D, Abdulai A, Seret FMA, Milesevic J, et al. Diet and Physical Activity for the Prevention of Noncommunicable 
Diseases in Low- and Middle-Income Countries: A Systematic Policy Review. PLoS Medicine. 2013 Jun 11;10(6):e1001465. 
27. Madeira FB, Silva AA, Veloso HF, Goldani MZ, Kac G, Cardoso VC, et al. Normal Weight Obesity Is Associated with Metabolic Syndrome and Insulin 
Resistance in Young Adults from a Middle-Income Country. PLoS One. 2013 Mar 28;8(3):e60673. 
28. Asghar A, Shah AM, Hussain AA, Tahir A, Asghar H. Frequency of Pre-obesity and Obesity in Medical Students of Karachi and the Predisposing 
Lifestyle Habits. Cureus. 2019 Jan 23;11(1):e3948. 
29. Slater B, Philippi ST, Fisberg RM, Latorre MRDO. Validation of a semi-quantitative adolescent food frequency questionnaire applied at a public school 
in São Paulo, Brazil. Eur J Clin Nutr. 2003 Maio;57(5):629–35. 
30. Kant AK, Schatzkin A, Graubard BI, Schairer C. A prospective study of diet quality and mortality in women. JAMA. 2000 Abr 26;283(16):2109–15. 
31. Meh K, Jurak G, Sorić M, Rocha P, Sember V. Validity and Reliability of IPAQ-SF and GPAQ for Assessing Sedentary Behaviour in Adults in the 
European Union: A Systematic Review and Meta-Analysis. Int J Environ Res Public Health. 2021 Abr 26;18(9):4602. 
32. Bull FC, Maslin TS, Armstrong T. Global physical activity questionnaire (GPAQ): nine country reliability and validity study. J Phys Act Health. 2009 
Nov;6(6):790–804. 
33. Cruz Rivera PN, Goldstein RL, Polak M, Lazzari AA, Moy ML, Wan ES. Performance of bioelectrical impedance analysis compared to dual X-ray 
absorptiometry (DXA) in Veterans with COPD. Sci Rep. 2022 Fev 4;12(1):1946. 
34. Larsen MN, Krustrup P, Araújo Póvoas SC, Castagna C. Accuracy and reliability of the InBody 270 multi-frequency body composition analyser in 
10-12-year-old children. PLoS One. 2021 Mar 26;16(3):e0247362. 
35. WHO. Growth reference 5-19 years - BMI-for-age (5-19 years) [Internet]. 2007 [citado em 19 Nov 2024]. Disponível em: https://www.who.int/tools/
growth-reference-data-for-5to19-years/indicators/bmi-for-age
36. Kemenkes. Pedoman Gizi Seimbang. Jakarta; 2014. 
37. Tyagi T, Singh K, Agrawal A, Negi S, Tyagi R. Prevalence of normal weight obesity in young adults of Western Uttar Pradesh – A community-based 
study. National Journal of Physiology, Pharmacy and Pharmacology. 2023 Jun 1;13(6):1179–1179. 
38. Passos AFF, Santos A de C, Coelho ASG, Cominetti C. Associations between Normal-Weight Obesity and Disturbances in the Lipid Profile of Young 
Adults. Arq Bras Cardiol. 2023 Set;120(9):e20220914. 
39. Maitiniyazi G, Chen Y, Qiu YY, Xie ZX, He JY, Xia SF. Characteristics of Body Composition and Lifestyle in Chinese University Students with Normal-
Weight Obesity: A Cross-Sectional Study. Diabetes Metab Syndr Obes. 2021;14:3427–36. 
40. Amani R, Parohan M, Jomehzadeh N, Haghighizadeh MH. Dietary and Biochemical Characteristics Associated with Normal-Weight Obesity. Int J 
Vitam Nutr Res. 2019 Nov;89(5–6):331–6. 
41. Du Z, Huang J, Xia R, Ermakov PN, Xu X. Obese people are more likely to exhibit unhealthy food decisions when sated. Food Quality and Preference. 
2023 Dez 1;112:105021. 
42. Dominguez LJ, Veronese N, Di Bella G, Cusumano C, Parisi A, Tagliaferri F, et al. Mediterranean diet in the management and prevention of obesity. 
Experimental Gerontology. 2023 Abr 1;174:112121. 
43. Muscogiuri G, Verde L, Sulu C, Katsiki N, Hassapidou M, Frias-Toral E, et al. Mediterranean Diet and Obesity-related Disorders: What is the Evidence? 
Curr Obes Rep. 2022;11(4):287–304. 
44. Clemente-Suárez VJ, Beltrán-Velasco AI, Redondo-Flórez L, Martín-Rodríguez A, Tornero-Aguilera JF. Global Impacts of Western Diet and Its Effects 
on Metabolism and Health: A Narrative Review. Nutrients. 2023 Jun 14;15(12):2749. 
45. Hall KD, Farooqi IS, Friedman JM, Klein S, Loos RJ, Mangelsdorf DJ, et al. The energy balance model of obesity: beyond calories in, calories out. The 
American Journal of Clinical Nutrition. 2022 Maio 1;115(5):1243–54. 
46. Santos A de C, Passos AFF, Souza LB de, Coelho ASG, Cominetti C. Consumption of ultra- and non-ultra-processed foods of individuals with normal-
weight obesity. Journal of Nutritional Science. 2023 Jul 6;12:e71. 
47. Choi Y, Kim D, Kim SK. Effects of Physical Activity on Body Composition, Muscle Strength, and Physical Function in Old Age: Bibliometric and Meta-
Analyses. Healthcare. 2024 Jan;12(2):197. 
48. Jaremków A, Markiewicz-Górka I, Hajdusianek W, Czerwińska K, Gać P. The Relationship between Body Composition and Physical Activity Level in 
Students of Medical Faculties. J Clin Med. 2023 Dez 21;13(1):50. 
49. Moreno-Díaz MI, Vaquero-Solís M, Tapia-Serrano MÁ, Sánchez-Miguel PA. Physical Activity, Body Composition, Physical Fitness, and Body 
Dissatisfaction in Physical Education of Extremadura Adolescents: An Exploratory Study. Children. 2024 Jan;11(1):83. 
50. Oukheda M, Bouaouda K, Mohtadi K, Lebrazi H, Derouiche A, Kettani A, et al. Association between nutritional status, body composition, and fitness 
level of adolescents in physical education in Casablanca, Morocco. Frontiers in Nutrition. 2023 Nov 7;10:1268369. 
51. Bourke E, Rawstorn J, Maddison R, Blakely T. The effects of physical inactivity on other risk factors for chronic disease: A systematic review of reviews. 
Preventive Medicine Reports. 2024 Out 1;46:102866. 
52. Perez-Gomez J, Vicente-Rodríguez G, Ara Royo I, Martínez-Redondo D, Puzo Foncillas J, Moreno LA, et al. Effect of endurance and resistance training 
on regional fat mass and lipid profile. Nutr Hosp. 2013;28(2):340–6. 
53. Masoro EJ. CHAPTER 9 - Physiology of Aging. In: Fillit HM, Rockwood K, Woodhouse K, editors. Brocklehurst’s Textbook of Geriatric Medicine 
and Gerontology (Seventh Edition) [Internet]. Philadelphia: W.B. Saunders; 2010 [citado em 19 Nov 2024]. p. 51–8. Disponível em: https://www.
sciencedirect.com/science/article/pii/B9781416062318100091
54. Oh YH, Choi S, Lee G, Son JS, Kim KH, Park SM. Changes in Body Composition Are Associated with Metabolic Changes and the Risk of Metabolic 
Syndrome. Journal of Clinical Medicine. 2021 Fev 13;10(4):745. 
55. Jacob E, Moura A, Avery A. A systematic review of physical activity and nutritional interventions for the management of normal weight and overweight 
obesity. Nutrition, Metabolism and Cardiovascular Diseases. 2024 Dez 1;34(12):2642–58. 
56. Holmes CJ, Racette SB. The Utility of Body Composition Assessment in Nutrition and Clinical Practice: An Overview of Current Methodology. 
Nutrients. 2021 Jul 22;13(8):2493. 
57. Xue H, Du H, Xie Y, Zhai Y, Song S, Luo B, et al. Association Between Fat Mass to Lean Body Mass Ratio and All-Cause Mortality Among Middle-Aged 
and Elderly Cancer Patients Without Obesity: A Multi-Center Observational Study in China. Front Nutr [Internet]. 2022 Jun 16 [citado em 06 Abr. 2025];9. 
Disponível em: https://www.frontiersin.org/journals/nutrition/articles/10.3389/fnut.2022.914020/full

10

https://creativecommons.org/licenses/by/4.0/

