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Abstract
Background: Adolescents experience growth and significant

changes in body composition which influence physical activity
and response to sport or exercise. The level of physical fitness in
adolescent girls is usually lower than that of boys, due to differ-
ences in body composition and levels of physical activity. The aim
of this study was to examine the relationship between fat mass
percentage, body composition, physical activity, and physical fit-
ness.

Design and Methods: This study used an analytical observa-
tional, and cross-sectional design with total samples consisting of
70 male and female students aged 14-15 years. They were selected
through simple random sampling, and the data collected were
anthropometric measurements, body composition, physical activ-
ity and physical fitness. In addition, the Pearson correlation test
was used for data analysis.

Results: The results showed that 68.57% of participants had a
normal body mass index, 74.3% had moderate physical activity,
and 44.28% had fat mass percentage including an obesity category
and, 54.29% had low physical fitness. Furthermore, the Pearson
test showed a significant relationship between physical activity,
body mass index and fat mass percentage with physical fitness.

Conclusions: An increased fat mass percentage is associated
with decreased levels of physical fitness. Furthermore, a good
determinant of low physical fitness in obese conditions is the per-
centage of fat mass rather than BMI.

Introduction
Adolescence is the period between 10-19 years of age in the

human life cycle. This is the period of growth and development of
the body when habits are formed related to health.1 These habits
include lifestyles that affect adolescent and adult health.2
Furthermore, adolescents need an average of 60 minutes each day
of moderate to vigorous physical activity (MVPA). These activi-
ties can be in the form of active walking, non-school physical
activities, playing, sports, and physical education. Worldwide,
about 80% of teenagers are not active enough.3 Research in sever-
al European countries shows that only 26% of boys and 9% of
girls are physically active, and performed MVPA ≥60 min/day.4
According to the Global Matrix 3.0 report,5 physical activity lev-

els in children and adolescents are mostly low at 49 country.
Furthermore, Mazur stated that only 17.2% of 11 to 15 -old years
of age in Poland met the requirements of 1 hour of MVPA every
day. Physical activity has a positive role on psychological and
physical health.6 Júdice et al. stated that adolescents which per-
form moderate or vigorous physical activity, and use their free
time to do an activity, significantly improve health-related
fitness.7 Health in youth can be predicted from physical fitness. 

Regular physical activity is an important part of a healthy
lifestyle. It is associated with reduced risks of heart disease, obe-
sity, and cancer.8 It is also important for psychological well-being
with lower stress levels and better cognitive function. Recent stud-
ies show that nearly half of the US student population does not
participate in moderate or vigorous physical activity.9 Therefore,
this research aimed to examine the relationship between fat mass
percentage, body composition, physical activity, and physical fit-
ness.

Design and Methods
This is an analytical, observational, and cross-sectional

research design. The samples totaled 70 male and female students
at a junior high school in Surabaya, East Java, Indonesia which
were selected by simple random sampling technique.
Anthropometric measurements, including height, were performed
using a microtoise. Body weight, fat mass percentage and body
mass index (BMI) were measured by bioimpedance using a Tanita
device (Tanita Corporation, Japan). Furthermore, the consumption
intake was carried out using a 2x24 hour recall method and ana-
lyzed via a nutrisurvey. The data on physical activity was obtained
via the IPAQ (International Physical Activity Questionnaire)
method, while physical fitness was calculated by measuring
VO2max. The VO2max measurements involved the application of
the Multistage Fitness Test (MFT) method, which has 23 levels,
each lasting approximately 1 min. In practice, individuals go
through several levels, and the speed between the beeps will
decrease to give less time for the individual to complete each
level, and then increase in intensity. A single sound indicates the
end of each shuttle, while three simultaneous beeps signify the
beginning of the next level. Data analysis used SPSS ver. 22.
Descriptive analysis was calculated to determine the percentage of
consumption intake, fat mass percentage, body mass index, phys-
ical activity, and physical fitness. Furthermore, the Pearson

Significance for public health

Physical fitness plays a role in maintaining physical and mental health. It is associated with fat mass percentage, body mass index, and physical activity. Low
physical activity supported by a high percentage of fat mass and a high body mass index reduces physical fitness, which causes a decrease in work productivity
while increasing the risk of cardiovascular disease. This study describes the relationship between energy intake, body mass index, percentage fat mass, physical
activity, and physical fitness in schoolchildren aged 13-14 years.
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Correlation Test was used to analyze the relationships between
variables. Before the data collection procedure, all participants were
provided with information about the study and the right to withdraw
at any time. A written, informed consent was submitted by partici-
pants to indicate their agreement to participate in the study. 

Results and Discussions
Table 1 describes the characteristics of participants in this

study and Table 2 shows a significant relationship (<0.05) between
fat mass percentage, body mass index, and physical activity with
physical fitness. The coefficient of physical activity is positive,
which means that a greater coefficient value results in increased
physical fitness. Alternatively, the coefficient of body mass index
and fat mass percentage is negative, which means that a greater
coefficient value will reduce physical fitness.

The aim of this research was to examine the relationship
between energy intake, body mass index, percentage fat mass,
physical activity, and physical fitness in schoolchildren aged 13-14
years. Physical fitness is defined as “a set of attributes that people
possess or attain concerning their ability to perform physical activ-
ity”. It includes physiological, health-related, and skills-related fit-
ness. Optimal energy requirements are very important for physical
fitness, and its determinant is primarily physical activity,10 which
includes all forms of muscular and physical exercise. Specifically,
physical activity involves planned and structured body movements
designed to improve physical fitness.

Adequate energy requirements are the proper amounts of
dietary energy required to balance total energy expenditure (TEE)
and maintain body weight. TEE reflects the sum of the resting
metabolic rate (60-75%), energy used for food-induced thermoge-
nesis (10%) and energy expended through physical activity (15-
30%). The energy utilized during physical activity is the most vari-
able component of TEE. It is dependent on the subject’s activity,
lifestyle, type of physical exercise, gender, hormonal balance and
previous nutritional status.11,12 Another study found that over-
weight obese adolescents used more energy expenditure and ener-
gy intake compared to other underweight or normal weight
groups.13 In addition to this, certain physical activities, such as
playing computer may also increase energy expenditure in adoles-
cents.14

Overall, the results showed that the higher the body mass
index, the lower the fitness level. Conversely, when physical activ-
ity is higher, physical fitness is better. Inadequate physical activity
is not only associated with an increased fat mass percentage but
also causes a decrease in relative muscle mass. The more muscle
mass involved during exercise, the greater the contribution of mus-
cle pump to venous return. Therefore, an increase in muscle mass
helps to improve cardiac output. In this study, a negative correla-
tion (r = -0.615) was observed between fat mass percentage and
physical fitness. This is a strong correlation which signifies that an
increase in fat mass percentage may be responsible for a decrease
in physical fitness. The observation of a higher correlation coeffi-
cient of body fat percentage and body fitness compared to BMI and
fitness showed that obesity in terms of fat mass percentage was a
better parameter for predicting low cardiorespiratory functional
status or fitness in young adults than BMI. Therefore, during an
exercise program, when possible, the measurement of percentage
body fat is more significant than the BMI parameter. Increased
physical activity or regular exercise can help to decrease the fat
mass percentage which aids relative increases in non-fatty masses,
thereby improving fitness. Additionally, health educators could

motivate adolescents to maintain their physical activities in order
to support and gain the benefits of normal weight.15-18 Therefore,
the suggestion to reduce fat mass percentage with the help of
increased physical activity or exercise would reduce health risks in
young adults.19,20

In adolescents aged 12-18 years, there was a non-linear rela-
tionship observed between BMI and the results of physical fitness
tests or motor performed. Respondents with an obese or obese
nutritional status and other participants with skinny nutritional sta-
tus had poorer fitness test scores compared to participants with
normal nutritional status.21 Furthermore, in the adolescents aged
12-15 years, the best results of physical fitness measurements were
held by respondents with a normal BMI level, while lower results
were observed in respondents with BMI in the skinny range, and
the lowest observed in individuals in the obese category. This may
occur due to overweight, especially the mass of body fat that
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Table 1. Characteristics of participants.

Characteristics                                                          n        %

Sex                                                                                                       
       Boys                                                                                            35         50.0
       Girls                                                                                           35         50.0
Energy intake                                                                                                   
       < 2000 kcal                                                                                44          63
       2000 – 2499 kcal                                                                       13          19
       2500 – 2999 kcal                                                                        8           11
       3000 – 3499 kcal                                                                        5            7
Minimum                                                                                        1000
Maximum                                                                                       3360
Mean                                                                                              1827,8
SD                                                                                                    592,9
Physical activity                                                                                               
       Low (< 600 MET-min a day)                                                 13         18.5
       Moderate (600 - <1500 MET-min a day)                            52         74.3
       High (1500 - <3000 MET-min a day)                                    5           7.2
Body mass index                                                                                             
       Underweight (BMI ≤18.4)                                                    15         21.4
       Normal (BMI 18.5-25)                                                            48         68.6
       Overweight (BMI ≥25.1)                                                        7           10
Fat mass percentage                                                                                     
       Lean (<8% )                                                                              8          11.4
       Optimal (8-15%)                                                                     12         17.2
       Slightly overfat (16-20%)                                                        9          12.8
       Fat (21-24 %)                                                                           10         14.3
       Obesity (>25%)                                                                      31         44.3
Physical fitness                                                                                               
       Very poor                                                                                  38         54.3
       Poor                                                                                            16         22.8
       Fair                                                                                             10         14.3
       Average                                                                                       5           7.2
       Good                                                                                           1           1.4
MET, metabolic equivalents; BMI, body mass index.

Table 2. Relationship between variables. 

                                              Pearson correlation (r)       p-value

Energy intake                                                         0.223                                 0.064
Fat mass percentage                                          -0.615                                 0.000
Body mass index                                                  -0.276                                 0.021
Physical activity                                                     0.441                                 0.000
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shows inaction because it takes more energy and longer time to
efficiently move the entire body mass.22-25 

Conclusions
An increased fat mass percentage is associated with decreased

levels of physical fitness, and an increase in fat free mass signifi-
cantly increases physical fitness in healthy young adults. In addi-
tion, obesity in terms of percentage fat mass is a better determinant
than BMI for low physical fitness.
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