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Summary 1t is important for football players to maintain muscle strength through the
entire match. The aim of this study was Lo investigate body mass index (BMI), body fatl per-
centage (BF%), dietary intake (energy, carbohydrate, and protein) and its relationship with
muscle fatigue among adolescent football players. This was a cross-sectional study involv-
ing 26 football players aged 15-17 y. BMI was determined using WHO Anhtro Plus, BF%
was analyzed using Bioelectrical Impedance Analysis (BIA) and categorized using bodylat
curves for children, and dietary intake was assessed using 3x24 h dietary recall. Run-
ning-Based Anaerobic Sprint Test (RAST) was conducted twice and averaged to identify
muscle fatigue. Pearson correlation and multiple-regression analysis were performed to
determine the relationship between variables. The results showed that overall participants
had healthy weight (17.61+=1.82 kg/m?), good diet pattern (energy 99.08+14.34%, car-
bohydrate 92.88 £9.54% and protein 95.96+23.41%), but low body [at (6.76+2.12%). In
pearson lest, negative correlations were found in muscle fatigue and BMI (r=—0.393, p=
0.047), as well as BF% (r=-0.458, p=0.019), but positive between muscle fatigue and
energy intake (r=0.538, p=0.005). Furthermore, multiple-regression analysis only con-
firmed statistically significant relationship between energy intake and muscle fatigue (p=
0.028). We conclude that the higher BMI and BF% may lead to greater muscle fatigue,
while higher energy intake has significant improvement to reduce muscle fatigue. Hence, it
is essential for football players to consume adequalte energy, and consider to maintain BMI

and BF% at optimal range.
Key Words

Football is the most prominent sport worldwide
including Indonesia, performed by all layers of society
regardless of gender and ages with different degrees of
expertise. Nielsen Sports reported that Indonesia is the
second highest country with 77% of the people inter-
ested in football ( 1). Sport achievement requires optimal
performance, and therefore, it is important for football
players to be able to maintain muscle strength through
the entire match. Without neglecting the importance of
aerobic capacity, anaerobic energy metabolism is imper-
ative for underpinning numerous explosive movements
and sustaining forceful contraction during a 90-minute
game (2). Muscle fatigue is one of the major problems
often encountered by athletes, which is caused by many
factors such as gender, age, Body Mass Index (BMI),
Body Fat Percentage (BF%), and dietary intake. A study
reviewed that football participants consistently experi-
enced a decline in performance in the second half of the
maich (3). This is because of the high-intensity maneu-
vers in football involving repeated sprint bouts and long
runs with short period ol recovery. Hence, it is crucial
to apply sport sciences such as technical, tactical, phys-
ical, physiological, psychological, and nutrition into
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practice to supporl sporting success (2, 4). The aim of
this study was to investigate BMI, BF%, dietary intake
(energy, carbohydrate, and protein) and its relationship
with muscle latigue am(mi adolescent football players.

MATERIALS AND METHODS

This was a cross-sectional study involving 26 male
football players aged 15-17 v The study was carried
out in high school students of SMAN 2 and SMAN 3
Jombang, East Java, Indonesia. Participants were cho-
sen if they practice at least 3 times per week for 1 h/ses-
sion and not consuming any enhancing supplements
such as cafleine, creatine, citrulline, arginine, and beta
alanine, 1-wk prior recruitment. Participants were ex-
cluded if taking medical treatment or being injured.
One day prior to the test, participants had to have sufli-
cient sleep for 6-8 h and eat a balanced diet meal con-
sisting of carbohydrate, protein, and vegetables 2-3 h
before the test. In addition, they were instructed to wear
comiortable clothes and shoes during the test.

Protecol. This study was performed for 8 d. In the
first day, we measured participants' height and weight
to determine BMI, body composition to analyze BFY%
using Bioelectrical Impedance Analysis (BIA) (Tanita
BC-541), and dietary intake using 24-h dietary recall.
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After data completion, Running-Based Anaerobic Sprint
Test (RAST) was conducted for the lirst time. There was
a 7 d ol washout period to allow ample time for muscle
recovery before the second RAST. During washout
period, dietary recall was assessed lor the second time.
RAST was run again in the eighth day, after we inter-
viewed dietary recall for one more time (Fig. 1).

RAST  Participants were required to undertake 6
35 meter ol sprints with 10 s recovery between each
sprints. Two timekeepers were involved since one people
timed each run of 35 m and the other timed the 10s
recovery period. Muscle fatigue was regarded as Fatigue
Index (FT) in unit of percentage. The value is measured
by calculating the difference between maximum and
minimum power obtained [rom six sprints, then divided
by its maximum power. The lower the value indicates
that athletes have better muscle ability to maintain
their performance from latigue, vice versa (Fig. 2, 3).

The nultritional status ol the participants was deter-
mined using WHO Anhtro Plus. BF% was analyzed
using Bioelectrical Impedance Analysis (BIA) and cale-
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Fig. 1. Study protocol.

subject's weight X distance®

Power = 3
time

Fig. 2. Power calculation formula.

Table 1. Characteristics of participants.
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gorized using bodylat curves for children (5). Dietary
intake was randomly assessed using 3 <24 h dietary
recall and grouped as: severe deficit, moderate delicit,
mild deficit, normal, and over (6). Additionally, RAST
was conducted twice with 7 d of washoul period and
averaged to identify muscle fatigue.

Statistical analysis. For all normally-distributed data,
we employed pearson to analyze significance relation-
ship between variables, and spearman used il data were
not normally-distributed. Furthermore, we also per-
formed multiple-regression analysis using FI as depen-
dent variable and age, BMI, BF%, and dietary intake as
independent variables. All data analyses were per-
formed in IBM SPSS Statistics 20 with alpha signili-
cance level of 0.05.

Ethical approval.  This study was approved by Health
Research Fthics Committee of Faculty of Public Health
Airlangga University (143-KEPK) and conducted in
accordance with the Declaration of Helsinki. All partic-
ipants signed the informed consent alter explanation
regarding the study had been delivered. This study
obtained the Universal Trial Number (UTN) U1111-
1214-6071 and was also registered in the Thai Clinical
Trials Registry (TCTR) as TCTR20180614005.

RESULTS

Table 1 depicts that overall participants had healthy
weight (17.61+1.82 kg/m?), good diet pattern (energy
99.08 £14.34%, carbohydrate 92.88+9.54%, and pro-
tein 95.96+23.41%), but low body lat (6.76+2.12%).
As seen in the Table 2 above, negative correlations were
found significantly in: muscle fatigue and BMI (r=
—0.393, p=0.047), as well as BF% (r=-—0.458, p=
0.019). Meanwhile, there was significant correlation in
energy intake and muscle fatigue (r=0.538, p=0.005).
Carbohydrate and protein intake did not show any sig-
nificant relationship with muscle fatigue however (p=
0.05). Further data analysis using multiple-regression
analysis in Table 3 only conlirmed statistically signifi-
cant relationship between energy intake and muscle
fatigue (p=0.028), but not age, BMI, and BF%.

o1 Power,,,,. — Power,,;,

Power,,qx

Fig. 3. FI calculation formula.

n=26

Variable
Mean

Median

Standard Deviation Minimum Value Maximum Value

17.61

6.76
99.08
92.88
95.96
49 .65 49

BMI (kg/m?)

BF%

Energy Intake (% of requirement)
Carbohydrate Intake (% of requirement)
Protein Intake (% of requirement)

FI Average (%)

17.30

6.05
99.50
93.00
91.50

1.82
2.12
14.34
9.54
23.41
10.35

14.90

5.00
73.00
68.00
71.00
31.00

22.50
14.20
155.00
116.00
175.00
76.00
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Table 2. Pearson test on characteristics and its rela-
tionship with muscle fatigue.

FI (%)
p r
BMI 0.047 —0.393*
BF% 0.019 —0.458*
Energy Intake 0.005 0.538*
Carbohydrate Intake 0.420 0.165
0.390 0.176

Proggin Intake
*Errelation is significant at the 0.05 level {2-tailed).
** Correlation is significant at the 0.01 level (2-tailed).

Table 3. Multiple-regression test on characteristics and
its relationship with muscle fatigue.

FI (%)
t p
Age 0.629 0.536
BMI —0.662 0.515
BF% —0.318 0.753
Energy Intake 2,363 0.028
DISCUSSION

This study revealed that BMI and BFY% were nega-
tively associated with muscle fatigue, while positive cor-
relation was found between energy intake and muscle
fatigue. However, we did not see any significant rela-
tionship between carbohydrate and protein intake with
muscle fatigue. Muscle fatigue was measured using
RAST which requires low-cost equipment, and is a
valid, reliable and easy-applied method to measure
anaerobic power and capacity (7).

It is supported from previous study that higher BMI
had greater fatigue compared to those who were non-
obese (8). It was caused by the greater voluntary torque
loss encountered by obese individuals during the fatigue
protocols. The opposite interaction between BF% and
muscle latigue is aligned with Vaara et al. (9). Athletes
have higher muscle fatigue when they have higher BF%.
Hulens et al. explained that the higher degree ol [at
mass (dead weight), the higher the moment of inertia to
overcome the weight when accelerated movement is
executed (10).

In contrast, energy intake was positively correlated
with muscle latigue, and confirmed by mulliple-regres-
sion analyisis. The result was related with study in judo-
kas athletes which found that caloric restriction led to
poorer perlormance (11). Caloric restriction may lead to
immune and endocrine function impairment as well as
hormonal changes, therefore depressing the overall per-
formance including increased muscle fatigue. Another
study explained that inadequate energy intake might
induce muscle fatigue by the intracellular acidosis
mechanisms (12). In which, the key enzymes in glycog-
enolysis and glycolysis are phosphorylase and phos-
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pholructokinase, respectively. Both ol these enzymes
are inhibited at low pH in vitro, and hence the rate of
ATP supply to energy-requiring processes might be di-
minished in muscles that become acidic during fatigue.

In conclusion, to reach the highest performance
during the game, it is essential for [ootball players to
consume adequate energy, and consider to maintain
BMI and BFY% at optimal range. Our findings add evi-
dence regarding the various flaclors associated with
muscle [atigue.
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