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Abstract

Individual sports and team sports have their own characteristic and require specific fitness
level and optimum anthropometry component such as body composition to be fit in the
sports. The purpose of this study to differentiate the physical fitness performance based on
BMI of individual sport and team sport athletes. A total of 147 Terengganu junior male
athletes aged 13 to 21 who are participate in the Malaysian Games participated different
types of individual and team sports. BMI was distributed according to World Health
Organization (WHO) standard as < 18.5 kg/m2 under-weight, 18.5— 24.9 kg/m2 normal
weight, 25-29.9 kg/m2 over weight and >3 0 kg/m2 obesity. Tests were used in this study is
Sit and Reach (flexibility), Sit Up (upper muscle endurance), Maximum Push Up (upper
muscular strength), Handgrip (handgrip strength), Predicted VO.max (cardiovascular),
Standing Medicine ball Throw (upper body strength), 20 meter Sprint Test (speed), Vertical
Jump (leg power), Stork Stand (balance), Standing Broad Jump (leg explosive power), and T
test (agility). Result showing all test except sit up test and stork stand test have a significant
difference between type of sport and the athlete’s respectively BMI class. For summary, each
type of sports with representative BMI class have their own specialities in physical fitness
performance. More studies are needed to understand the complexity of this topic especially
focusing on the recognize the specificity requirement of physical fitness on different type of
sport and BMI class.

Keyword: Body Mass Index, Physical Fitness Performance, Individual Sports, Team

Sports
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Introduction

Body composition is recognised as determinants of sports performance and health
(Ackland et al., 2012; Campa et al., 2021). Indeed, in many sports, an athlete can gain an
advantage by changing their body mass or body composition features. Gymnastics, for
example, has both an aesthetic and a gravitational component; hence, anthropometric
features may influence a gymnast's competition success (Bacciotti et al., 2017). Athletes must
also remain within a specified body mass range in various sports since many sport are weight-
classified (Franchini et al., 2012). As a result, athletes carefully customize their training and
eating habits to the demands of their particular sport (Sundgot-Borgen & Torstveit, 2010). In
this context, monitoring body composition has become crucial, and assessing it appropriately
allows for an accurate evaluation

Body composition can play a significant part in establishing personalised training
programmes for athletes in order for them to attain their goals and obtain optimal
performance and talent recognition sensibility for athletic achievement to recognise talent
(Faizatul et al.,, 2021; Mujika et al., 2018). The phenomenon known as the “sports
morphological optimization” explains that the body composition of a particular athlete is
determined by the sports they participate in, and variances in body fat and muscle percentage
in athletes are produced by body composition adjustments to a variety of individual sports
(M. Lozovina et al., 2012; V. Lozovina & Lozovina, 2008, 2008).

Understanding the ideal lean and fat mass for the upper and lower body, as well as
total body mass, is essential for the success of any individual or team sport's training and
dietary plans. Team sports need a group of individuals that will be organized into opposing
teams which compete to win. So, there will be many tactical and strategies available that
require aggressiveness, sudden pace-change, counter attacks and defensives. Thus, in order
to execute the strategies, optimum fitness performance needed to execute the tactical and
to cover up the strength and weakness available on each athlete. The same is true for
individual sports, in which the participants are solely responsible for their own performance.
As for the coaches, the small redundant like BMI changes are need an extra focus for coach
because there will be no one to cover up the weakness of the athlete except the athlete itself
inthe arena. Thus, if there is a change in BMI, it will also affect the athlete’s performance. For
example, in kickboxing sport study from Rydzik & Ambrozy, (2021), stating that during Covid
19 outbreak, the kickboxer’s training were suspended due to the self-isolation order and
because of that no trainings were ongoing during that time and this causing their performance
dropped.

The time restrictions of sport-specific competition preparation, a lack of strength-
training possibilities, and an increased metabolic effort might all contribute to visible body
composition changes. (Roelofs et al., 2017). While most research has concentrated on
changes that occur during the off- and pre-season, to the best of knowledge, no study has
looked at the differences in body composition that may occur and how these changes may
affect sports performance (Owen et al., 2018). If an athlete's BMI changes, especially if it
increases, the athlete's maximal performance potential is limited, as high BMI is associated
with low performance. (Hardy et al., 2013, Nikolaidis & Ingebrigtsen, 2013; Nikolaidis et al.,
2019). Restriction of maximum potential also will lead to the discrimination of athlete
selection and become biased due to the performance flop (Abd Hadi et al., 2021). The purpose
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of this study to differentiate the physical fitness performance based on BMI of individual sport
and team sport athletes.

Methodology
Participants

The study's subjects are 147 Terengganu junior male athletes aged 13 to 21 who are
participate in the Malaysian Games. There have been eight different forms of sports, with five
different types of individual sports and three different types of team sports. Throughout the
research period, the athlete's overall physical fitness test was taken and assessed. All of the
athletes signed consent papers, which have been collected in writing. The Terengganu Sports
Institute Council (MSNT) Board examined and approved all of the study's protocols,
procedure, and equipment, with the approval number MSN.TR.15 (22).

Body Mass Index

BMI, formerly called the Quetelet index, is a metric for determining an adult's
nutritional status. is calculated by dividing a person's weight in kilogrammes by the square of
their height in metres. (kg/m2). The level of BMI was distributed according to World Health
Organization (WHO) standard as < 18.5 kg/m2 under-weight, 18.5— 24.9 kg/m2 normal
weight, 25-29.9 kg/m2 over weight and >3 0 kg/m2 obesity (Chandra et al., 2020). In this
study, athlete’s BMI that involved were normal class, underweight class and overweight class.

Health Related Fitness Component (HRFC)

Standard physical fitness evaluations were used in conjunction with routine physical
fitness indicators such as flexibility, upper muscle endurance, upper muscle endurance, grip
strength, cardiovascular endurance, and upper body strength. Before the testing periods, the
participants conducted a warm-up that included a 5 to 10 minute jog and a series of stretch-
es.

Sit and Reach test (Flexibility)

When performing sit and reach, athletes must sit on the ground with straight legs,
knees on the ground, and feet facing the flat surface of the sit and reach box.(Ryan et al.,
2014). With little pressure, the conductor keeps the athlete’s sides of the knees straight
against the floor. With their hands on top of each other, gently pushing the measuring slide
as far as possible over the measurement line, the athletes carefully pushed forward their
fingertips. While recording the distance, the conductor must maintain the reach for at least
two seconds. The conductor must ensure that the athlete’s' fingers and legs are in a stable
straight position with no jerky movements. The test results must be taken in 0.5 cm
increments.

Sit up (Upper Muscle Endurance)

The sit-up test is used to assess upper-body endurance. Athlete did a sit-up test with
their knees bent at 90 degrees and their feet flat on the ground, as well as a push-up test with
their legs extended (Abdullah et al., 2016). The number of completed sit-ups and push-ups in
1-minute was recorded.
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Push up (Upper Muscular Strength)

In this test, the upper muscular strength was assessed. The athletes sat on the floor in
a prone posture with their hands just below their shoulders, stretched legs, and tucked toes
in order to make contact with the floor (push up position). The athletes then extend their
arms to their full length before lowering their bodies to the floor and lowering their chests.
At this stage, the line from head to toe should be straight.(Abdullah et al., 2017). Only the
arms and shoulders were used to carry out these manoeuvres. The number of push-ups
performed while keeping proper technique until the participants were fatigued decided the
score.

Handgrip Test (Grip Strength)

The maximal isometric strength of the athletes' hand and forearm muscles was
measured using the hand grip (HG). (Taha et al., 2018). A hand grip dynamometer was used
to conduct this test, and the athletes were asked to grab the dynamometer in their hand to
be tested, with their arm at right angles and their elbow by their side of the body. The
dynamometer's knob is adjusted according to the athlete's size. The first metacarpal (palm
heel) served as the basis of the hand grasp, with the handle resting in the midst of four fingers.
When the participants were ready, they were allowed to squeeze the dynamometer at
maximum isometric effort for roughly 5 seconds. Other than that, there was no room for
movement. The researchers urged the athletes to put up their best effort. The hands were
switched back and forth.

Predicted VO;max (Cardiovascular Endurance)

The participant's predicted maximal oxygen consumption was determined using a
multistage 20-meter shuttle run test (Suhaimi et al., 2021). The athlete ran as long as they
could till they couldn't keep up with the tempo of the speeding rhythm and shuttle run test
tape's speed any longer. All test results were expressed as an estimated VO2max, which was
calculated by looking at the final level and shuttle number at the time the person voluntarily
quit the test. Although the participants' desires and objectives may impact their results, it is
still a viable test for predicting projected maximal oxygen uptake and may be conducted with
a large number of participants at a low cost and in a short amount of time.

Standing Medicine Ball Throw (Upper Body Strength)

The overhead throw for distance is a strength test that entails throwing the ball
forward from above the head. Medicine ball throw tests are used to evaluate upper-body
strength. Starting with the breadth of the feet, the heels on the measuring line zero, and
maintaining the medicine ball straight out at the foot, the standing medicine ball was
produced. (Stockbrugger & Haennel, 2001). Participants were given at least 5 to 6 practise
attempts to ensure a consistent score and familiarity with the technique necessary, which
included optimising the angle of release and maximum power output. After completing the
trial, participants were given the opportunity to take the exam for a real-time scoring session.
Three timed trials in which they threw a medicine ball as far as they could. The distance of
each throw was measured (meters).

Skill Related Fitness Component (SRFC)

The 20-meter speed, leg power, balance, leg explosive power, and agility are all skill-
related fithess component tests.
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20-meter Sprint Test (Speed)

The 20-meter sprint (20MS) was performed according to the technique in the EUROFIT
test battery (Nadzmi et al., 2021). Before beginning the test, athletes were advised to remain
in a standing stance with the aim of sprinting, such as by positioning one dominant leg near
the starting point to function as a momentum starter. The tester will blow a whistle, and the
athletes will begin running. The time begins to be recorded when the athletes begin running
from the starting line and ends when the runner crosses the finish line. Intermittently, each
participant receives two trials. Up to two decimal point (0.01) seconds of reading will be
captured.

Vertical Jump (Leg Power)

Leg power is measured by a vertical jump. The color-coded plastic vanes' height was
adjusted to correspond to the athletes' standing height. The athlete flexed their ankles, knees,
and hips, swung their arms upward, and used their dominant hand's fingers to tap the highest
possible vane (Bisyri et al., 2018). For statistical analysis, the best of the three trials was
chosen.

Stork Stand (Balance)

Body balance is measured using the standing stork test. A stopwatch was used to time the
standing stork (SS) test. The athletes took off their shoes, put their hands on their hips, rose
their heels to balance on the ball of their foot, and positioned their non-supporting foot on
the inner part of the supporting leg (Schorderet et al., 2021). The test is terminated if the
athletes are unable to maintain the exact position.

Standing Broad Jump (Leg Explosive Power)

Leg explosive power was measured using the standing broad jump test. Participants
in a standing broad jump (SBJ) must stand behind a line erected in the area. After a two-foot
take-off leap, the competitors will land with their arms swinging back and their knees bent
rhythmically at around 90 degrees forward. The athlete must land on both feet and jump as
high as they can without falling backward. The test will be rejected if the athletes does not
follow the instructions (Nadzmi et al., 2021). Only three trials were allowed at the time, with
the highest score being recorded.

T test (Agility)

To determine agility, the 'T-test agility test' was performed. The procedure was
followed exactly as it was written. The points are spaced 10-5-5 metres apart on a T-shaped
line painted on the ground. Athletes race back over the 5m markers from the 10m marker
near the line, past the 5m markers, turn on the line, and sprint back over the 10m markers.
From the time the runner initially runs past the 5m back to 10m markers until they halt, the
time is recorded using an infrared speed trap (Brower Timing system). Each athlete tried their
maximum two times, with the quickest time being recorded for analysis. It was urged to the
participant not to go too much over the line since it would extend their time.

Statistical Analysis
Multivariate Analysis of Variance (MANOVA)

MANOVA is a member of the General Linear Model—a family of statistical procedures
that are often used to determine the strength of a relationship between two variables
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(Zientek & Thompson, 2009). MANOVA, specifically, is an analysis of variance (ANOVA) that
has two or more dependent variables (Gipit Charles et al., 2017). In this study, MANOVA will
be used to identify the pros and cons of physical performance for each type of sport,
individual sport athlete and team sport athlete based on their BMI by using Pairwise
Comparison method. This method will show the mean difference between the mean of the
analysis (I-)).

Result and Findings

Table 1 below shows the summary of MANOVA analysis, analysis have identified the
optimum physical fitness performance component between individual sports and team sports
based on their BMI. From the result, showing that in HRFC tests, Sit and Reach test (Pr > f =
0.000), Push Up (Pr > f = 0.000), Handgrip (Pr > f = 0.000), Predicted VO2max (Pr > f = 0.000),
Standing Medicine Ball Throw (Pr > f = 0.000) have the significant difference value while for
SRFC tests, 20 meter Sprint test (Pr > f = 0.000), Vertical Jump test (Pr > f = 0.000), Standing
Broad Jump test (Pr > f =0.000), and T test (Pr>f =0.011) have the significant difference for
this study.

As for HRFC tests, in Sit and Reach test, team sport athlete with underweight BMI
performs better than the rest of the type of sport and BMI class. As for Push Up test, can be
see that individual sport athlete with normal BMI class have the greatest performance in this
test than the rest. Individual sport athlete with overweight performs better than the rest in
handgrip test. As for Predicted VO2max, individual sports athlete resulting a better
performance in this test than others. For Standing Medicine Ball Throw, team sport athlete
with overweight BMI have the greatest performance than others. Figure 1, 2, 3, 4 and 5 shows
the graph for the MANOVA analysis result for significant difference test in HRFC.

For SRFC tests, team sport athlete with underweight BMI dominating the 20 meter
Sprint test and Standing Broad Jump test than other all BMI class for each type of sports
athlete. For Vertical Jump test, individual sport athlete with normal BMI class performs better
than any BMI class from each type of sport athlete. For final significant test T test, founded
that team sports with overweight BMI class was better than all type of sport including their
BMI class. Figure 6, 7, 8, and 9 shows the graph for the MANOVA analysis result for significant
difference test in SRFC.
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Table 1

MANOVA result for Health Related Fitness Component

286

SIT AND SIT PUSH HAND VO2M MEDICINE BALL
REACH UP upP GRIP AX THROW
INDIVIDUAL 39.90 61.06 40.937 41.83
SPORTS*NORMAL 39.808 b Oa 7b b 3b 5.816 ab
TEAM 42.22 4111 43.789 46.17
SPORTS*NORMAL 38.811b 9a 42 b 1b 6.931 bc
INDIVIDUAL 35.57 43.00 47.686 34.35
SPORTS*OVERWEIGHT 35.693 ab la Oab b 7a 7.209 bc
TEAM 41.81 31.13 47.373 43.59
SPORTS*OVERWEIGHT 39.345b 8a 6a b 1b 7.642c
TEAM
SPORTS*UNDERWEIGH 35.33 54.00 44.067 41.66
T 40.500 b 3a O0ab b 7 ab 6.643 bc
INDIVIDUAL
SPORTS*UNDERWEIGH 39.84 23.38 29.200 46.61
T 30.400 a 6a 5a a 5b 4.576 a
Pr>F 0.000 0.419 0.000 0.000 0.000 0.000
Table 2
MANOVA result for Skill Related Fitness Component
20 METER  VERTICAL STANDING STORK
SPRINT JUMP BROAD JUMP STAND  TTEST
INDIVIDUAL 11.47
SPORTS*NORMAL 3.396 abc 45.842 ¢ 215.875ab 31.116a O0ab
11.26
TEAM SPORTS*NORMAL 3.149ab 33.880ab 233.886ab 37.926a 7 ab
INDIVIDUAL 12.11
SPORTS*OVERWEIGHT 3.546 bc 43.679 c 202.500a 17.845a 4b
TEAM 10.99
SPORTS*OVERWEIGHT 3.210ab 31.114a 232.136ab 17.621a O0ab
TEAM 41.667 10.40
SPORTS*UNDERWEIGHT 3.100 a abc 246.333 b 18.923a 7a
INDIVIDUAL 11.71
SPORTS*UNDERWEIGHT 3.715c 43.115hbc 195.538a 45.170a 2b
Pr>F 0.000 0.000 0.000 0.101 0.011
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Figure 1: Sit and Reach MANOVA result
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Figure 2: Push up test MANOVA result
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Figure 3: Handgrip test MANOVA result
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Figure 4: Predicted VO2max test MANOVA result
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Figure 5: Medicine Ball Throw test MANOVA result
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Figure 6: 20 meter Sprint test MANOVA result
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Figure 7: Vertical Jump test MANOVA result
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Figure 8: Standing Broad Jump test MANOVA result
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Figure 9: T test MANOVA result

Discussion

The purpose of this study is to differentiate the fitness performance based on BMI of
individual sport and team sport athletes. From the findings above, it shows that individual
sport athletes are dominating in term of excellency for the HRFC (upper muscular strength,
grip strength, and cardiovascular) while team sport athletes excels in SRFC (speed, agility, and
leg explosive power). In HRFC analysis result, founded also team sport athletes with normal
BMI did not contribute to any excellent performance in the HRFC tests. Also, in SRFC analysis
result, both overweight BMI individual and team sports, individual sports athlete with
underweight BMI resulting a poor performance in SRFC tests.

However, team sport athletes with underweight BMI showing a great performance in
both HRFC and SRFC while dominating in the sit and reach test (flexibility), 20 meter sprint
test (speed), and T test (agility). This finding is supported by the previous study reported that
A team sport athlete who was underweight performed admirably in the speed and agility
component (lbrahim et al., 2021; Rinaldo et al., 2020). In previous study stating the In
comparison to overweight and obese team sport athletes, underweight and normal weight
team sports scored higher on the flexibility test (Bittencourt et al., 2017; Ponce-Gonzalez et
al., 2020). From a previous study, can be simplified that team sport underweight athletes are
suits to put in the position that require great performance of speed, agility and flexibility such
as goalkeeper and forward in football and hockey as generally know these position speed and
agility also these positions are require to play in many matches, so Flexibility is required here
to avoid injuries, as flexibility has been shown to help minimise injuries (Cejudo et al., 2019;
Witvrouw et al.,, 2003). Team sport overweight athlete founded is good in upper body
strength. Mclntyre (2005) stating Athletes in team sports with low body fat levels have more
muscular strength than athletes with high body fat levels. This literature is contradict with
this study findings, this is the potential rise and influence intramuscular fat has on muscle
mechanics, as a result of increasing age and obesity, is produced by diminishing muscle
quality. (Rahemi et al., 2015; Tomlinson et al., 2016). Team sport normal BMI athletes showed
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a good performance in leg explosive power. This is a newly founded result although athlete
with normal BMI supposed to have a great performance in leg explosive power but these
findings need a literature and another specific study to support this study.

Individual sport athletes with normal BMI class founded in this analysis result to be
good at upper muscular strength and leg power. Abidin & Adam, (2013) also conclude the
same findings as this study stating that lower BMI class individual sport athlete have a great
upper muscle strength and leg power. Individual sport athlete with overweight BMI class
analysed to be good in handgrip strength, this study on handgrip test result were contradict
with Lopes et al., (2019) stating higher class of BMI do have great ability in grip strength.
Individual sport athlete with underweight BMI class founded was good in cardiovascular. The
reason behind this is that there is an increase in Type |l muscle fibres and a decrease in Type
| muscle fibres in obese people, which might lead to lower oxygen absorption. Reduced
maximum oxygen intake is another effect of increased BMI (Kalyanshetti & Veluru, 2017;
Vijaykumar et al., 2021)

From the all the finding’s result, can be simplified that overweight athlete in every
type of sport showing poor performance proved by in this study analysis stating overweight
athlete from both type of sports dominates only one fitness component from HRFC and none
in SRFC. These findings supported the theory from Wilborn et al., (2005) stating etiology of
increased body fat is multi-factorial and is evident in the abnormal levels of many biological
molecules such as genetic, physiological, and behavioural factors.

Conclusion

From the discussion above, it can be concluded that some of the test shown their
significant differences and from the significant differences between the test, showed that all
representative athletes with their respective BMI have differences in physical fitness
performance as in this study has shown that individual sports athletes with underweight,
normal, and overweight BMI classes showed excellent performance in HRFC test while team
sports with underweight and BMI normally dominates individual sports in the SRFC test. From
this result, practitioners can maintain their BMI to stay on track in order to avoid restriction
on their performance also to avoid bias and discrimination in performance monitoring and
selection during pre-match and in match. From the avoidance of performance’s restriction
and discrimination in performance monitoring, practitioners can increase their performance
to a higher level without hindrance in terms of anthropometry. With this also the number of
elite athletes will also increase and therefore the selection of athletes to be placed in the
formation and applied into a tactical for coaches will be easier by armed with high quality
athletes without the perception of unfair selection. More studies are needed to understand
the complexity of this topic especially focusing on the recognize the specificity requirement
of physical fitness on different type of sport and BMI class.
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