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This study aimed to examine the relationship between thigh muscle glycogen consumption and
recovery kinetics using *C magnetic resonance spectroscopy (MRS) in semi-professional soccer
players. Four male semi-professional soccer players participated in this study. Muscle glycogen
levels were measured using *C MRS before (Pre), within 2 h after the game (Post), 24 h after
(A24h), and 48 h after (A48h) the Post. The rate of decrease in muscle glycogen levels tended to
increase as high-intensity running distance ( > 13 km - h”'; HIR) increased during the match. The
recovery kinetics of muscle glycogen levels showed a strongly negative correlation with HIR (r=-
1.00, p<0.05), and a moderately negative correlation with the total distance covered (TD) (r=-0.73,
p>0.05) at A24h. Despite the small number of subjects, these results suggested that muscle glycogen
consumption and recovery kinetics were affected by game performance, particularly HIR. Thus,
these data could be beneficial as baseline data when planning an individualized recovery strategy
after the match with taking into consideration of the match's external load.

Keywords: prolonged intermittent exercise, muscle glycogen, '*C magnetic resonance spectroscopy,
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1. Introduction

Soccer is a prolonged intermittent exercise that
involves various intensity exercises ranging from
maximum intensity to low intensity running (Mohr
et al., 2005). Given the activity duration (i.e., 80—120
min) and high-intensity intermittent profiles, muscle
glycogen is considered the predominant energy
substrate to support the metabolic demands during
a match game. However, despite advances in the
analysis of motor activity of soccer players (Randers
et al., 2010; Varley et al., 2018), the relationship
between muscle glycogen consumption and its
recovery kinetics and each activity profile, such as
distance covered in high intensity running, remains
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unclear.

The assessment of muscle glycogen was performed
through invasive and non-practical muscle biopsies.
However, *C magnetic resonance spectroscopy
(MRS) can measure muscle glycogen level non-
invasively. Although some studies have reported a
significant agreement between biopsy measurements
and MRS methods at both high and low glycogen
levels (Taylor et al., 1992), few studies have evaluated
muscle glycogen level using *C MRS in soccer
players (Rico-Sanz et al., 1999a; Rico-Sanz et al.,
1999b)

This study evaluated the game performance of
semi-professional soccer players in an official match
and investigated the relationship between thigh
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muscle glycogen consumption and recovery kinetics
using C MRS. If these relationships are clarified,
recovery strategies can be formulated according to
each player’s performance characteristics.

2. Methods
2.1. Subjects

Four male semi-professional soccer players from
the Japan Football League (mean age, 23.3 = 1.3
years; height, 174.5 £ 6.9 cm; body weight, 66.7 + 3.9
kg; body fat, 8.5 + 0.8%) volunteered to participate in
the study: two fullbacks (FB), one central midfielder
(CM), and one forward (FW). Physical characteristics
of each players are shown in Table 1.

2.2. Design

Participants stayed at the Japan Institute of Sports
Sciences (JISS) for four days (the day before the
game, day of the game, day after the game, and two
days after the game). To avoid a large difference in
total energy intake and excessive increase in body
weight between the experimental period and before
the experimental period, the participants consumed
a prescribed diet formulated based on the results of a
previous survey using the Excel Nutrition Youth Food
Frequency Survey FFQg ver.3.5 (Kepakusha, Tokyo,

Table 1 Physical characteristics of each player

Japan, see Table 2). Bodyweight was measured every
morning at the same time (6:45 am) and body fat was
measured on the day of the game (Inbody 730, Inbody
Japan, Tokyo, Japan). Muscle glycogen levels were
measured after breakfast on the day of the game (Pre),
within 2 h after the game (Post), 24 h after (A24h),
and 48 h (A48h) after the Post. The participants did
not perform any exercise, including recovery, for
two days other than on the game day. The schematic
representation of the experimental protocol was
shown in Figure 1.

2.3. Muscle glycogen

All measurements were performed on the thigh
muscle group of the right leg, and muscle glycogen
concentration was measured using *C MRS as
described previously (Takahashi et al., 2015). To
evaluate the decline and recovery of muscle glycogen
level of each individual, the post and recovery of
muscle glycogen level were evaluated based from the
absolute value (mM) and relative value (%) which
carunculate as follows; 100- {(absolute pre value-post
absolute / pre value)*100 }.

2.4. Dietary control intake
The diet (total calorie intake) during the experiment

period was calculated based on the daily intake of
the participants. The caloric intake was determined,

Age Height Body weight Body fat LBM

(yr) (cm) (kg) (%)
P'(aFyvevr)A 25 167.3 61.6 75 57.0
P'?gg; B 23 171.8 65.5 8.2 60.1
P'?Fy; C 23 175.1 69.7 8.9 63.5
P'(acy,\e/lr)D 22 183.6 69.8 9.2 63.4
Ave. 23 1745 66.7 8.5 61.0

LBM; Lean body mass
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Table 2 Planned and actual intake of total Energy and each nutrition intake during the experimental period

Planned Planned Post-A24h Post-A24h Post-A24h Post-A24h Post -A24h Post-A24h- Post-A24h- Post-A24h- Post-A24h- Post-A24h-
total CHO Energy Protein Fat CHO CHO/BW A48h A48h A48h A48h A48h
energy Energy Protein Fat CHO CHO/BW
(kcal/day)  (g/day) (kcal) () (2) (g) () (kcal) (g) () () (g)
P‘(""FVV%A 2940.0 441 3875 138.9 93.1 590.3 9.4 3907 167 128 514.2 8.2
P'(aFy;B 3126.7 469 3666 150.2 94.9 553.2 8.3 3896 157.1 112.7 553.8 8.3
P|?Fy§;c 3220.0 483 3920 166.4 1275 526.1 73 3776 1515 91.1 588.3 8.5
P'fcy,%D 3360.0 504 3782 169.1 112.7 526.1 73 3194 139.7 80.1 479.1 6.7
Ave. 3161.7 474 3810.8 156.2 107.1 548.9 8.1 3693.3 153.8 103.0 533.9 7.9
Time 7:00 11:30 17:30
Day 0
>
Day 1 Match
. B . 5 g
Pre Post
Day 2-3
. 5 g
A24h - A48h

Figure 1 Schematic representation of the experimental protocol

1 ; measurement MRS, m ; meals.

and the carbohydrate intake per body weight (BW)
was 7 g/kg BW (Thomas et al., 2016). However, when
the participants requested food or drinks other than
those prescribed, they were permitted to consume a
portion, and the nutritional contents were analyzed
along with the content (e.g., amount, calorie intake) of
the food and drinks provided at that time.

2.5. Game analysis

The in-game activities of the participants were
evaluated using the 15 Hz global positioning system
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(SPI HPU, GPSport, Canberra, Australia). Based on
the report by Randers et al. (2010), activities were
categorized, and running distance with speeds of 13
km - h'! or more was identified as HIR. Body impact
(cut off value was < 5.0 g) (Abade et al., 2014) and
the number of sprints over 22 km - h'' were also
evaluated.

2.6. Statistics

The correlation coefficients between muscle
glycogen level and total distance covered (TD) and
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HIR performance were calculated using the Pearson’s
correlation coefficient at Post, A24h, and A48h. The
significance level was set at < 5%. All statistical
analyses were performed using TIBCO Spotfire®
software.

2.7. Ethics

The study procedures were approved by the
JISS Ethics in Human Research Committee, and
all participants provided written informed consent
before the start of the study. The study was conducted
according to the Declaration of Helsinki.

3. Results

The carbohydrate intake for each subject post 24
h (Post -A24h) and 24—48 h (Post -A24h-A48) after
the Post were shown in Table 2. TD and locomotor
categories among individual players are given in

Table 3 TD and locomotor categories among individual players

Table 3. Figure 2 presents the absolute (Figure 2a)
and relative changes (Figure 2b) in muscle glycogen
levels before and after the match. Figure 3 shows the
relationship between the decline in muscle glycogen
levels and TD (Figure 3a) and HIR (Figure 3b).
Figure 4 shows the relationship between the recovery
rate of muscle glycogen levels and the TD (Figure
4a) and HIR (Figure 4b) at 24 h and 48 h after the
game.

4. Discussion

This study showed that the thigh muscle glycogen
level after the match decreased compared to the
Pre value (Figure 2). This study also showed that
as HIR increases, the rate of decrease in muscle
glycogen levels tends to accelerate (Figure 3b). In
addition, when we examined the recovery rate of
muscle glycogen levels 24 hours after the match, we
observed a strong negative correlation (r= -1.00, p<

. 0-2 2-7 7-9 9-13 13-16 16-22 Sprint HIR Sorint Body impact
(k) Km -h? Km-h? Km-h' Km-h' Km -h km-h®  22km-hl< >13km-h'l ‘(’n) y(n) P
(km) (km) (km) (km) (km) (km) (km) (km)

Player A
) 11.2 0.1 3.9 1.2 28 1.3 1.4 0.6 3.3 30 1520

Player B 10.7 0.1 3.6 1.2 2.5 13 1.4 0.5 3.2 23 751
(FB)

Player C 10.4 0.1 3.7 1.2 238 1.3 1.0 0.2 2.6 10 778
(FB)

Player D 10.7 0.1 3.9 1.3 2.9 1.4 0.9 0.2 2.5 12 762
v ) ) ) } . . . . .

TD; total distance covered, HIR; high-intensity running distance (> 13 km - h')

(%)
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Figure 2 Changes in the absolute (a) and relative (b) changes of muscle glycogen

Pre, before the game; Post, within 2 h after the game; A24h, 24 hours after the Post; A48h, 48 hours after the Post
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Figure 3 The relationship between the decline of muscle glycogen levels (%) and the TD (a) and HIR (b)
TD; total distance covered, HIR; high-intensity running distance (speed > 13 km - h')
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Figure 4 The relationship between the recovery rate of muscle glycogen levels and the total distance covered (a) and HIR (b)
at 24 hours after the Post (left) and 48 hours after the Post (right)

The horizonal dotted line means the Pre value.

TD; total distance covered, HIR; high-intensity running distance (speed > 13 km - h")
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0.05, Figure 4b) with HIR, and a moderate negative
correlation with TD (r=-0.73, p> 0.05, Figure 4a).
These results suggest that the rate of decrease and
recovery in muscle glycogen level may be largely
influenced by high-intensity activity during a match.

Our results were similar to previous studies
(Gunnarsson et al., 2013; Krustrup et al., 2011) using
muscle biopsies in that thigh muscle glycogen levels
after the match decreased when compared with the
Pre values (Figures 2). The rate of decrease in muscle
glycogen level after the match was 30.5+7.7%, which
is slightly lower than that observed by Krustrup
et al., who demonstrated a 43% decrease in vastus
lateralis muscle glycogen levels before and after a
soccer match (Krustrup et al., 2011). Furthermore,
Gunnarsson et al. reported that muscle glycogen
levels were reduced by approximately 54% after a
simulated soccer match exercise (Gunnarsson et al.,
2013). The difference in results between the present
study and those of previous studies (Gunnarsson
et al., 2013; Krustrup et al., 2011) may be due to
differences in exercise intensity; the TD in Krustrup
et al.’s study (Krustrup et al., 2011) and the TD in
Gunnarsson et al.’s study (high intensity running
over 18 km - h'': 3.2 km) was higher than that in the
present study (HIR: 2.9 km). However, these two
studies evaluated the game performance not using
GPS device, it is comparing to simply these two
results with the present results.

Post-match carbohydrate intake affects the recovery
of muscle glycogen levels (Burke et al., 2017; Costil,
1980). In this study, as American college of sports
medicine guidelines indicate that athletes who
performed a 90-minute exercise require an intake of
7-12 g / kg of carbohydrate per day, the post-match
carbohydrate intake was set at 7g/kg BW. However,
carbohydrate intake from post-match to 24 h post-
match and from 24 h to 48 h post-match was 8.1 g/kg
BW and 7.9 g/kg BW on average, respectively (Table
2) due to allowing to intake other than the prescribed
diet. This amount of carbohydrate intake was lower
than that reported by Krustrup et al. which intakes
9.5 g of carbohydrates of BW per day (Krustrup et
al., 2011). Although the carbohydrate intake after
the match was lower in our study than in Krustrup
et al’s study, glycogen levels returned to baseline 48
h post-match in all participants. Meanwhile, when
the recovery kinetics were examined individually,
subjects A (FW) and B (FB) did not recover their
muscle glycogen levels in A24h; in contrast, subjects
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C (FB) and D (CM) recovered their muscle glycogen
levels within A24h (Figure 2b). Interestingly,
subjects A and B performed more sprints and covered
a higher total distance in HIR compared to subjects C
and D (Table 3).

Previous studies suggested that muscle damage
could influence the resynthesis of muscle glycogen
levels (Asp et al., 1996; Kiens and Richter, 1998;
Krustrup et al., 2011; Zehnder et al., 2001). Muscle
damage markers were not measured in the present
study, but we believe that damage might have
occurred. Some previous studies reported that high-
intensity activities were associated with increasing
creatine kinase concentrations after the match
(Russell et al., 2016; Thorpe and Sunderland, 2012).
It has been shown that exercise transiently decreases
the skeletal muscle glucose transporter GLUT4
protein content (Asp et al., 1995a) and impairs muscle
glycogen resynthesis after exercise(Asp et al., 1995b).
In the present study, Subjects A and C had similar
reductions in muscle glycogen levels after the match
(29% and 30%, respectively, Figure 2b), and the
levels in subject C (FB) returned to normal after 24 h,
but were unchanged in subject A (FW). In addition,
subject A tended to cover more distance in HIR and
had higher sprint numbers and TD than subject C.
Moreover, as increasing in HIR or TD, there was
a trend to the slower recovery of muscle glycogen
(Figure 4a, Figure 4b). These performance-related
data suggested that subject A (FW) might have had
greater muscle damage than subject C (FB); thus, the
time lag in recovery arises. From these data, although
there was no data on muscle damage, muscle damage
may explain the relationship between the recovery
kinetics of muscle glycogen levels and the HIR and
TD, particularly until 24 hours recovery after the
match (Figure 4b, Figure 4a).

The results of this study have practical applications.
After a competitive match, the recovery rate of muscle
glycogen levels is affected by the running performance
during a match. Given that muscle damage affects
the recovery of muscle glycogen levels, fitness and
conditioning coaches need to identify individualized
recovery strategies involving cold water immersion
which has an effect on muscle damage (e.g. creatine
kinase) (Pooley et al., 2019), appropriate carbohydrate
intake (Costill et al., 1990), and the promotion of
recovery according to playing position with a lot of
external loads (i.e. high intensity activities). Despite
our small sample size, our results can be used as
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baseline data when planning an optimal nutrition/
recovery strategy for soccer players in consideration
of their position and play characteristics.

This study also has some limitations. Fist, we
did not measure muscle damage markers, which are
thought to influence the recovery of muscle glycogen
levels. However, as mentioned above, previous studies
reported that the relationship between HIR and
increase in creatine kinase concentrations after the
match (Russell et al., 2016; Thorpe and Sunderland,
2012). The small sample size is another limitation of
this study. This limitation likely to related to using
BC MRS methods to quantify the muscle glycogen
level. Unlike muscle biopsy, this method is useful
for evaluating muscle glycogen in soccer players
in that it can evaluate a wider range of muscle
glycogen kinetics in a non-invasive manner, but it is
necessary to further analysis using more subjects.
The present study only examined one condition of
the carbohydrate intake, at 7 g/kg of BW, and this
was likely to affect the muscle glycogen recovery
kinetics. Future studies should investigate whether
carbohydrate intake would exert a different effect
on the recovery kinetics of muscle glycogen after a
match.

5. Conclusion

In conclusion, the results of the present study
provided evidence that muscle glycogen levels
evaluated using C MRS immediately after a match
decreased when compared with those before a match
and that the recovery rate was related to the HIR
during a match. Thus, these data could be beneficial
as baseline data when planning an individualized
recovery strategy after the match with taking into
consideration of the match's external load.
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