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ABSTRACT

Circadian rhythms influence daily behavior, psychological and physiological functions, as well as
physical performance. Three chronotypes are distinguished according to the preferences people
typically display for activity at certain times of day: Morning, Neither, and Evening types (M-, N- and
E-types). The chronotype changes with age: eveningness tends to be stronger in youth and morn-
ingness in older age. The progressive shift toward eveningness during adolescence creates misalign-
ment with morning society schedules and can lead to a deterioration in intellectual and physical
performance. Soccer is one of the world’s most popular sports practiced by adolescents and soccer
workouts are usually held after school in the afternoon or evening. Performance in soccer is related to
a host of factors, including physiological variables and motor skills that have a circadian variation. The
aim of this study was to determine the effect of chronotype on motor skills specific to soccer,
specifically whether agility, aerobic endurance, and explosive power differ among the three chron-
otypes in relation to the time of day. For this study 141 adolescent soccer players filled in the
Morningness-Eveningness Questionnaire (MEQ) for the assessment of chronotype. A subsample of
75 subjects, subdivided in M-types (n= 25), E-types (n= 25), and N-types (n= 25), performed three tests
(Sargent Jump Test - SJT, lllinois Agility Test - IAT, and 6-Minutes Run Test - 6MRT) at a morning and an
evening training session (9:00 am and 6:00 pm). Mixed ANOVA was used to test the interactions
between chronotypes, physical performance, and time. On all tests, better performance during the
morning than the evening session was observed for the M-types (p< .05), whereas the E-types
performed better in the evening than in the morning session (p< .05), and no differences in test
performance were detected for the N-types. These findings underline the importance of a correct
chronobiological approach to sports training. Scheduling training sessions according to an athlete’s
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circadian preferences could be a valid strategy to enhance performance.

Introduction

Human daily behavior besides physiological and
psychological variables follows regular rhythms,
with peaks and falls in activity and attention at
specific times of day, month or year. The differ-
ential expression of circadian rhythms is
a characteristic of inter-individual variability that
can be expressed with the concept of chronotype
or circadian typology, i.e. individual differences in
time preference for morning or evening activities
(Adan and Natale 2002; Montaruli et al. 2017b;
Roveda et al. 2017). People can be typically classi-
fied into three chronotypes: Morning-types
(M-types) who get up and go to bed early and
usually perform better mentally and physically in
the first part of the day; Evening-types (E-types)
who get up and go to bed late and tend to plan
their activities in the afternoon or evening; and

somewhere
2012;

Neither-types (N-types) who fall
between the other two (Adan et al
Montaruli et al. 2017a; Vitale et al. 2015).
Individual variations in circadian rhythms are
determined by genetic (Kyriacou and Hastings
2010; Reppert 1995) and environmental factors
(Carandente et al. 2006; Calogiuri et al. 2009; Di
Iorio et al. 2012) that can contribute to variations
in preference for time of day. The chronotype
changes with age: eveningness in youth gives way
to be more morning oriented in older age
(Montaruli et al. 2017b). A progressive shift
toward evening preference begins during adoles-
cence, between age 12 and 13 years (Russo et al.
2007), stops at about 14 years, then gradually
changes after age 18 (Crowley et al. 2014; Diaz-
Morales and Sorroche 2008; Koscec Bjelajac et al.
2014; Randler 2008a; Roenneberg et al. 2004).
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This tendency toward eveningness during ado-
lescence implies misalignment with morning
society schedules, leading to a deterioration in intel-
lectual, motor, learning, social activities, and sleep
(Enright and Refinetti 2017; Randler 2008b; Smith
et al. 2013; Vitale et al. 2017a). The effect of chron-
otype on intellectual performance has been amply
studied in high school and university students
(Adan et al. 2012; Carrier and Monk 2000;
Enright and Refinetti 2017; Goldstein et al. 2007;
Montaruli et al. 2019; Randler 2017), but relatively
few studies have investigated the relationship
between chronotype and physiological variables or
physical performance (Kuusmaa-Schildt et al. 2019;
Vitale and Weydahl 2017b). Previous studies (Hill
et al. 1988; Kunorozva et al. 2014; Rae et al. 2015;
Rossi et al. 2015; Sugawara et al. 2001) have eval-
uated the effect of chronotype on variables such as
heart rate (HR), rating of perceived exertion (RPE),
and maximum oxygen consumption (VOpmax),
while others investigated the relationship between
chronotype and physical performance in untrained
and trained subjects in diverse sports (Bonato et al.
2017a; Brown 2008; Burgoon et al. 1992; Facer-
Childs and Brandstaetter 2015; Henst et al. 2015;
Tamm 2009; Rahnama 2009; Reilly and Down
1986; Reilly et al. 2007a; Reilly and Edwards 2007b).

A significant effect of chronotype on HR recov-
ery after a cycle ergometer test in the morning
(Sugawara et al. 2001) was observed for E-types
(higher HR wvalues) than M-types. During
a maximal ergometer test, higher VO, was
recorded for E-types in the evening than in the
morning test session, whereas M-types showed no
differences (Hill et al. 1988). Also plantar-flexor
maximum voluntary contraction measured in
untrained adults in the evening session was greater
among the E-types than the M-types (Tamm et al.
2009). RPE measured after a self-paced walking
task was higher for the E-types than the M-types
in the morning session (Rossi et al. 2015).
Furthermore, in a sample of trained male cyclists
(all M-types) the RPE score after a submaximal
cycle test was higher in the evening than in the
morning session (Kunorozva et al. 2014).
Differently, the RPE score recorded in trained
swimmers (M- and N-types) after a 200-meter

swim showed no interaction with chronotype
(Rae et al. 2015).

Investigating the relationship between chrono-
type and physical performance, Brown et al. (2008)
showed that the total time for a 2000-meter rowing
sprint in a sample of rowers was better for the
M-types in the morning session. In addition, in
trained marathon runners, the race time of
M-types was better than that clocked for N- and
E-types early in the morning (Henst et al. 2015).

Few studies to date have evaluated the interac-
tion between chronotype and motor skills specific
to performance in team sports. In hockey players,
Facer-Childs and Brandstaetter (2015), by means
of a progressive aerobic endurance test, showed
that the total execution time was better in
M-types than in N- and E-types. Previous studies
showed that performance parameters in soccer
(e.g. reaction time, fatigue, flexibility, hand grip
strength and soccer-specific skills like juggling)
are affected by diurnal variations (Rahnama et al.
2009; Reilly et al. 2007a; Reilly and Down 1986;
Reilly and Edwards 2007b). However, these studies
did not compare differences in motor skills
between the three chronotypes (Reilly 2007a) or
only referred to intermediate chronotypes.

To date, little attention has been paid to the link
between chronotype and motor skills in soccer,
though it is one of the world’s most popular sports
practiced during adolescence and particularly by
boys. Training and soccer matches are usually held
after school in the afternoon or evening.
Performance in soccer is related to a host of fac-
tors, including physiological variables and motor
skills that have a circadian variation. Experimental
evidences for chronotype differences have practical
implications for soccer coaches, both in preparing
the team depending on the time of the match and
to optimize training programs. To the best of our
knowledge, no studies have evaluated the interac-
tion between chronotype, time of the day, and
physical performance in adolescent soccer players.

The aim of this study was to evaluate the chron-
otype effect on motor skills specific to soccer and
to determine whether agility, aerobic endurance,
and explosive power differ among the three chron-
otypes in relation to the time of day.



Methods
Participants

Participants were recruited from four nonprofes-
sional soccer teams. A total of 141 male soccer
players (mean age 14.9 + 1.79 yrs) were enrolled.
Height and weight were recorded to calculate the
body-mass index (BMI, weight in kilograms
divided by height in meters square). All subjects
were normal weight (mean BMI 20.2 + 2.49). The
Morningness-Eveningness Questionnaire (MEQ)
(Horne and Osteberg 1976) was administered to
categorize participants into three chronotypes: M-,
N-, and E-types. The participants also completed
the Pittsburgh Sleep Quality Index (PSQI) to eval-
uate subjective sleep quality.

Participants were asked to maintain their daily
habits. Reasons for exclusion from the study were
medical conditions diagnosed by a sports medicine
physician that could affect physical performance.
Signed written informed consent for participation
was obtained from the parents. Before the begin-
ning of the study, all participants, with his parents,
received an explanation of the purpose, methods,
risks, and benefits of the study.

The study was carried out in accordance with
the tenets of the 1964 Declaration of Helsinki and
approved by the Ethical Review Board of the
University of Milan. The study protocol and pro-
cedures complied with the guidelines required by
the journal (Portaluppi et al. 2010).

Measurements

Morningness-Eveningness Questionnaire (MEQ)
Diurnal preferences were assessed by the
Morningness-Eveningness Questionnaire (MEQ).
MEQ is a self-evaluation questionnaire developed
by Horne and Osteberg (1976) to investigate pre-
ferred behavior. It is one of the most widely used
questionnaires to evaluate circadian typology
owing to its good stability (88-89), range of relia-
bility coefficient (between 78 and 86) (Adan and
Natale 2002; Adan et al. 2012), and translations
and validation in multiple languages.

We opted for the validated MEQ Italian version
(Mecacci and Zani 1983), which consists of 19
multiple choice items that investigate besides
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sleep/wake habits, feelings and moods before
retirement to bed or soon after waking up and
rising, also the time of day at which subjects feel
they perform better. The responses are scored
from 0 to 6. The total score indicates the circadian
typology (range 16 to 86), wherein a score from 16
to 41 indicates evening preference (E-types), dif-
ferentiated in definite E-types (16-30) and moder-
ate E-types (16-41), a score from 59 to 86
indicates morning preference (M-types), differen-
tiated in definite M-types (70-86) and moderate
M-types (59-69), finally a score from 42 to 58
indicates no particular morning or evening prefer-
ence (N-types).

Based on their circadian characteristics, the 141
subjects were subdivided into M-types (n= 25),
N-types (n= 90), and E-types (n= 26). After com-
pleting the MEQ, 13 N-types and 1 E-type were
unable to perform the physical tests for medical
reasons. Since N-types were far more numerous
than M-types or E-types, we created three numeri-
cally equivalent groups for the subsequent part of
our analysis. Accordingly, a group of 25 subjects
were categorized as N-types from among those
with a MEQ score close to the mean of the range
for N-types on the MEQ scale (range 42-58;
mean= 50). Subjects with MEQ scores at either
end of the scale (42-43 and 57-58) were excluded
(12% of the N-types). For the next phase of the
study, we randomly selected 25 subjects from
among the remaining 88% N-types and conflated
the definite and moderate M-types and the definite
and moderate E-types into two broad M- and
E-type groups. In this way, we obtained
a subsample of 75 soccer players, subdivided into
M-, N-, and E-types.

Pittsburgh sleep quality index questionnaire (PSQI)
Each participant completed the Pittsburgh Sleep
Quality Index (PSQI) to evaluate sleep quality.
The PSQI is a retrospective, self-report question-
naire that evaluates sleep quality during the
30 days prior to compilation. It consists of 18
items that evaluate the total sleep quality and 7
sleep patterns, termed domains or components:

(1) Perceived sleep quality (range from “very
good” to “very bad”)
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(2) Sleep latency (time needed to fall asleep)

(3) Sleep duration (hours spent asleep)

(4) Sleep efficacy (number of hours slept)

(5) Sleep disturbances, midnight awakening, toi-
leting, difficulty breathing, coughing, too cold/
hot, pain, nightmare, snoring among others

(6) Use of sleep medications (sleep inducers)

(7) Daytime dysfunctions, difficulty in perform-
ing daily tasks

For the last three domains, respondents can self-
report the causes of poor sleep and the effects of
sleep debt: the number and the reasons for awaken-
ing during night and the frequency of difficulty in
performing daily activities. The second and third
components serve to calculate the minutes of sleep
latency and total amount of sleep hours. Each
response is assigned a score from 0 to 3, where 0
indicates no problem or good sleep and 3 indicates
problems or poor sleep. Lower component grades
indicate better sleep quality and less-disrupted sleep
patterns. The total sum ranges between 0 and 21 and
the final global score of 5 is the cutoff value differ-
entiating good sleeper (0-5) from bad sleeper (6-21)
(Buysse et al. 1989). Summarizing, a lower final score
indicates a better quality of sleep. We administered
the PSQI Italian version (Curcio et al. 2013), which
has a proven internal consistency of 0.835 reliability
coefficient (Cronbach &).

Physical tests

Three physical tests were used to investigate three
different aspects that can influence sport performance:
agility, aerobic endurance, and explosive power. The
three tests were performed in two training sessions at
9:00 a.m. and at 6:00 p.m., respectively. The partici-
pants were randomly assigned to two groups sched-
uled at the two different times: group 1 (13 M-types,
13 N-types, 13 E-types) performed the tests first at 6:00
p.m. and then at 9:00 a.m., and group 2 (12 M-types,
12 N-types, 12 E-types) performed the tests at 9:00
a.m. and then at 6:00 p.m. The three tests were admi-
nistered in random order on different days one week
apart. During the three tests, both at 9:00 a.m. and 6:00
p.m., the same sports scientist supervised the perfor-
mance and recorded the results. Figure 1 illustrates the
study flowchart.

Sargent jump test

The Sargent Jump Test (SJT) is designed to evaluate
explosive power of the lower limbs. Preparing for the
test, subjects raise their arms against a wall and the
highest point of the hands is marked on the wall and
measured with a meter. This point indicates the start-
ing position from which measurement are taken.
Subjects jump from a standing position. They touch
the wall to make a mark at the highest point of the
jump. The highest score of three trials is recorded. The
SJT score is obtained by subtracting the highest point
measured to the starting point. The higher the score of
the SJT, the better the performance.

lllinois agility test

The Illinois Agility Run Test (IAT) evaluates agility by
measuring the ability to change direction quickly
while controlling the movement of the whole body.
The goal of the IAT is to run a course within the
shortest time possible. The length of the course was
10 meters and the width (distance between the starting
and the fining line) 5 meters. Eight cones and
a stopwatch were employed: four cones to mark the
starting, the finishing, and the two turning points, the
other four at the center spaced 3.3 meters apart. On
the ‘Go’ command, the subjects ran the course as
quickly as possible without knocking the cones over
and returned to the finish line. The time was recorded
with a stopwatch. The lower the score of the IAT, the
better the performance.

6-minute run test

The 6-Minute Run Test (6-MRT) measures aero-
bic endurance and is a shorter alternative to the
12-minute Cooper run test. After a warm-up of
10-15 minutes of walking at medium-low inten-
sity, the subjects ran at a constant speed as far as
possible in 6 minutes. The score indicates the total
distance covered in 6 minutes and is measured in
meters. The higher the score of the 6-MRT, the
better the performance.

Statistical analysis

For each circadian typology (M-, N- and E-type), we
calculated the mean values and standard deviations of
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MEQ

Total sample (N=141)
25 M-types, 90 N-types and 26 E-types

Subjects enrolled in the study (N=75)
25 M-types, 25 N-types and 25 E-types

Pittsburgh Sleep Quality Index questionnaire

PHYSICAL
TESTS

—
)
o
=)
=
©)
ad
=5
o
=
-
et
N

= Sargent Jump Test
= [llinois Agility Test
= 6 Minutes Run Test

9:00 a.m.

Figure 1. Study flowchart.

the results of the PSQI. The normality of the distribu-
tion of the PSQI data was assessed by graphical meth-
ods, as well as by Shapiro-Wilk test. The data were
normally distributed. Thus, one-way ANOVA fol-
lowed by pairwise post-hoc comparisons, if necessary,
were performed to assess whether there was any dif-
ference in the mean PSQI values among the three
chronotypes. For each circadian typology, we then
calculated the mean values and standard deviations
of the results of the three motor-skills tests (SJT, IAT
and 6-MRT) recorded in the two training sessions
(morning and evening). The normality of the distribu-
tion of the data was assessed by graphical methods, as
well as by Shapiro-Wilk test. The data were normally

distributed with the exception of IAT in the M-types,
in both training sessions. This was due to the presence
of two subjects with elevated values of IAT, in both
training sessions. We thus performed all the subse-
quent statistical analyses for the IAT either excluding
or including these two subjects. Given that the results
obtained removing these two subjects differed very
little from those obtained with all of the subjects,
only the latter results will be shown and discussed.
The Levene’s test was used to evaluate the homogene-
ity of variance of the data. The analysis of each physical
test describing the motor skills of the young soccer
players was carried out using the mixed ANOVA
procedure. The results obtained in each test (i.e. SJT,
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IAT and 6-MRT) were dependent on two factors:
a between-subjects factor (i.e. the chronotype: M-,
N- and E-type) and a within-subjects factor (i.e. the
time of the day of the training session: morning and
evening). The primary purpose of the mixed ANOVA
was to establish if there was an interaction between the
two factors, that is if the modality of change of the
motor-skills test over time (from morning to evening)
was dependent on the chronotype. When the interac-
tion was statistically significant, this indicated that the
impact of the chronotype on the motor-skills test
depended on the level of time. This condition was
visualized as when the three lines (one line per chron-
otype) connecting the levels of the motor-skills test
measured at the two time points (morning and eve-
ning) were not parallel. To single out the individual
effects of chronotype and time on the motor-skills test,
we took into account whether the interaction was
significant or not. A preliminary analysis showed
that a significant interaction was present for all of the
three motor-skills test. As a result, the simple main
effect of chronotype was determined by testing for
differences in the motor-skills parameter among the
chronotypes at each level of time. Thus, for each
motor-skills test, two separate one-way ANOVAs
were performed, one for each of the two levels of
time. When necessary, pairwise post-hoc comparisons
tests were performed. The simple main effect of time
was determined by testing for differences in the
motor-skills test between the morning and the evening
session for each chronotype. Thus, for each motor-
skills test, three separate paired t-tests were performed,
one for each chronotype. The strength of the effect of
time on each motor-skills test within each chronotype
was quantified by evaluating the effect size according
to Cohen (Cohen 1992). We are aware that there is no
straightforward way to interpret standardized effect
size measures. Nevertheless, we report here the com-
monly used rule-of-thumb reference values for
Cohen’s d interpretation: d < 0.2 “negligible”, d < 0.5
“small”, d < 0.8 “medium”, d > 0.8 “large”. In all the

above-described analyses the statistical significance
was set at p < .05. The statistical analyses were per-
formed using either JMP version 14.0.0 (SAS Institute)
or R version 3.5.3.

Results

Anthropometric characteristics of the subjects
and Pittsburgh sleep quality index

Table 1 presents the anthropometric characteris-
tics of the subsample of 75 subjects who under-
went the physical tests. The mean PSQI score was,
3.2 %23,3.5 % 1.7, and 3.7 £ 2.0 for the M-, N-,
and E-types, respectively. The one-way ANOVA
analysis of PSQI showed no statistically significant
difference between the three chronotypes.

Table 1. Anthropometric characteristics (mean + SD) of M-, N-
and E-type soccer players performing the physical tests.

Anthropometric characteristics

M-TYPES N- TYPES E- TYPES

(n= 25) (n= 25) (n= 25)
Body mass (kg) 558 £ 11.0 59.1 + 13.0 622+ 113
Height (m) 1.7 £ 0.1 1.7 £ 0.1 1.7 £ 0.1
BMI (kg/m?) 20.1 £ 24 19.6 + 2.8 21.0 £ 2.2

Results of the physical tests

The results of the three motor-skills tests data
are reported in Tables 2-4 and Figure 2. Table
2 reports the mean scores and standard devia-
tions of the three motor-skills tests (i.e. SJT,
IAT and 6-MRT) performed in the two sessions
(i.e. in the morning at 9:00 a.m. and in the
evening at 6:00 p.m.) by the three chronotypes
(i.e. M-, N- and E-type). It can be appreciated
that the scores for the M-types were better in
the morning session than in the evening ses-
sion. Quite to the contrary, the scores of the
E-types were better in evening session than in
the morning session.

Table 2. Mean scores and standard deviations for Sargent Jump Test (SJT), lllinois Agility Test (IAT), and 6-Minute Run Test (6-MRT),

at 9:00 a.m and 6:00 p.m., in M-, N-, and E-types.

Physical tests

SJT (m) 9:00 a.m. SJT (m) 6:00 p.m. IAT (s)9:00 a.m. IAT (s) 6:00 p.m. 6-MRT (m) 9:00 a.m. 6-MRT (m) 6:00 p.m.
M-Types 0.90 £ 0.13 0.89 = 0.13 170 £ 1.3 171 £13 1277.6 £ 156.9 1245.6 + 159.6
N-Types 0.88 + 0.09 0.88 + 0.09 16.9 + 0.8 16.9 + 0.8 11718 + 204 1188.1 + 205.9
E-Types 0.88 + 0.10 0.90 £ 0.09 16.6 + 0.7 16.4 + 0.7 1220.3 + 150.8 1289.7 + 168.1
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Table 3. Paired t-test used to compare the results obtained by M-, N-, and E-types at 9:00 a.m.

and at 6:00 p.m.

Sargent Jump Test
9:00 a.m. vs 6:00 p.m.

lllinois Agility Test
9:00 a.m. vs 6:00 p.m.

6 Minutes Run Test
9:00 a.m. vs 6:00 p.m.

M-Types p=.017
N-Types p=.303
E-Types p=.034

p=.023 p=.026
p= 628 p=.158
p= 002 p= .00006

The panels of Figure 2 (one panel for each
motor-skills test) show the sample average
responses for each chronotype (M/N/E) recorded
in the two training sessions carried out in the
morning and in the evening. The panels also
report the results of the mixed ANOVA procedure
indicating the presence of a strong significant
interaction between the chronotype and the time
of the day for all the three motor-skills tests.

The subsequent one-way ANOVAs conducted
to assess the simple main effect of the chronotype
showed no significant difference among the three
chronotypes at each level of time for the three
motor-skills tests. Table 3 shows the results of
the subsequent paired t tests conducted to assess
the simple main effect of the time of the day.
There was a statistically significant difference in
the test scores on the morning SJT, IAT, and
6-MRT between the M-types and the E-types,
whereas no statistically significant difference in
the morning and evening test scores was observed
for the N-types. Specifically, the M-types per-
formed the best on the morning test, the E-types
the best on the evening test, while the N-types
performed virtually the same during the two train-
ing sessions.

Table 4 presents, for each of the three motor-
skills tests and only for the M-types and E-types,
the effect sizes of the change in performance
between the morning and the evening training
sessions. The effect size was medium on the SJT
and small on the IAT and 6-MRT for the M-types,

Table 4. M- and E-types effect size values for each test.

Performance
Test Effect Size 9:00 a.m. vs 6:00 p.m.
M-Types Sargent Jump Test (m)  0.51 Worsened
lllinois Agility Test (s) 0.49
6 Minute Run Test (m)  0.48
E-Types Sargent Jump Test (m)  0.45 Improved
lllinois Agility Test (s) 0.71

6 Minute Run Test (m) 0.97

whereas it was small on the SJT, medium on the
IAT, and large on the 6-MRT for the E-types.

Discussion

The aim of the present study was to investigate
the effect of chronotype on physical perfor-
mance measured using the same tests at two
different times of day (9:00 a.m. and 6:00 p.m.)
in nonprofessional adolescent soccer players.
Three of the essential motor skills in soccer are
agility, aerobic endurance, and explosive power
of the lower limbs, which we evaluated by means
of three widely used tests (SJT, IAT, and
6-MRT). The main finding of this study was
that chronotype was observed to affect agility,
aerobic endurance, and explosive power: the
M-types scored higher on the morning than the
evening tests, whereas the E-types scored lower
on the morning than on the evening tests. No
chronotype effect on morning and evening test
scores was observed for the N-types. The chron-
otype effect on motor skills does not seem to be
influenced by sleep quality; indeed, the PSQI
showed no differences between the three chron-
otypes. The chronobiological approach to sports,
and to physical performance in particular, is
a relatively recent field of interest. Some studies
have focused on the effect of time of day on the
technical skills specific to various sports
(Atkinson et al. 2005; Carandente et al. 2006;
Martin et al. 2007; Reilly et al. 2007a; Sedliak
et al. 2007; Sinclair et al. 2013; Taylor et al. 2011;
Thun et al. 2015), VO, ,ax capacity (Knaier et al.
2019), cortisol levels (Bonato et al. 2017b;
McLellan et al. 2011), ratings of perceived exer-
tion and mood (Vitale et al. 2017¢). Most have
reported that some aspects of physical perfor-
mance improve between morning and afternoon
or evening. Typical technical skills (e.g. in tennis
and soccer) that involve fine motor control seem



8 (&) E ROVEDAETAL

SARGENT JUMP TEST
0,90
Time x chronotype (interaction)
F(2,72)=6.89; p=0.0018
0,89
2
3
o
£ 0,88
a
0,87
9:00 a.m. 6:00 p.m.
ILLINOIS AGILITY TEST
17,20
/4 Time x chronotype (interaction)
17,00 - F(2,72)=10.429; p=0.0001
3 16,80
S
o 16,60 - k-~ _ -
v - -~ -
16,40 - T A
b
16,20
9:00 a.m. 6:00 p.m.
6 MINUTES RUN TEST
1300 A
- Time x chronotype (interaction)
1260 - _- F(2,72)=15.087; p=<0.0001
£ 1220 - '
] —— Mt
B 1180 | e ypes
....... N- S
1140 - e
¢ =-=h=--E-types
1100
9:00 a.m. 6:00 p.m.

Figure 2. Mixed ANOVA, time x chronotype (interaction), for Sargent Jump Test (a), lllinois Agility Test (b), and 6 Minutes Run Test
(c), performed in the morning (9:00 a.m.) and in the evening (6:00 p.m.) training sessions. M-, N-, and E-types are represented
respectively by the continuous, broken and dotted line.

to have an acrophase somewhat earlier in the day Studies investigating specific soccer skills and
than the peak in muscle strength and anaerobic  physical factors in adult soccer players have reported

performance, which seems to occur in the early  that these factors are affected by time of day. Reilly
evening (Thun et al. 2015). et al. (2007a) reported that some specific skills and



physical performance were better in the evening.
Also, Rahnama et al. (2009) found a significant
effect of time of day on the SJT, right hip flexibility,
and 20-m running, with better scores recorded in
the evening. Also specific soccer skills, such as drib-
bling, wall volley, and soccer chipping, were noted
to have a significant diurnal variation. In brief, we
may assume that there are circadian rhythms in the
performance of soccer players.

Few studies to date have investigated the relation-
ship between chronotype and physical performance
(Brown et al. 2008; Castelli et al. 2019; Henst et al.
2015; Mule et al. 2019). There is general agreement
that M-types tend to perform better in the morning
than N- and E-types. For example, marathon run-
ners with morning preference clocked faster race
times compared to the other chronotypes when
they ran in morning events (Henst et al. 2015).
Also, on the 2000-m rowing sprint (Brown et al.
2008) and in the 200-m swimming trial (Rae et al.
2015) M-types outperformed N- and E-types when
their training time was in the early half of the day.

Although soccer is the most widely practiced
sport worldwide, very few studies to date have
investigated the effect of chronotype on physical
performance in soccer players and none compared
soccer motor skills between the three chronotypes
or only referred to intermediate subjects (Reilly et
al. 2007a). Furthermore, no studies to date have
evaluated the effect of chronotype on physical
performance in a sample of adolescent soccer
players.

Adolescence is a particularly interesting period for
investigating circadian characteristics. The orientation
toward morning or evening preferences varies with
age: during adolescence the sleep-wake cycle tends to
begin later in the day, with a clear shift toward even-
ingness from early school age to adolescence and
a peak in eveningness at this stage of life.
Adolescents are noted to stay up progressively later,
sleep later in the morning, make up sleep debt on
weekends, have irregular sleep-wake schedules and
subjectively poor sleep (Adan et al. 2012; Montaruli
et al. 2017b). In agreement with previous work (Adan
et al. 2012; Vitale et al. 2015), also in our sample of
adolescents the chronotype distribution showed an
age-related shift toward eveningness preference.

Soccer is one of the most widely practiced
sports among adolescents and players need
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technical, tactical, and physical skills to succeed.
In this context, adolescence is the stage of life in
which these skills, when well trained, reach their
peak of development.

For the present study three different performance
indicators were evaluated: agility, aerobic endurance,
and explosive power by means of three field tests
(SJT, IAT, 6MRT). The M-types scored higher on all
three tests when performed in the morning than in
the evening session. These observations are shared
by Brown et al. (2008) who reported an increase in
total time of the 2000-m rowing sprint for M-types
between the morning and the evening session. We
found that the E-types had lower scores on the
morning tests, with a small effect size for the SJT,
medium for the IAT, and large for the 6MRT.

We found no significant differences in test scores
for the N-types between morning and evening ses-
sion. Another study (Vitale et al. 2018) investigated
the sleep quality, daytime tiredness and sleepiness in
response to a late-evening high intensity interval
training (HIIT) session in N-type soccer players
that habitually trained late in the day. The authors
showed no differences in these parameters in the
nights before and after the HIIT session. This shows
N-types seem to be unaffected by the time effect.

In agreement with some studies that showed an
effect of chronotype on performance in sports
(Brown et al. 2008; Henst et al. 2015), our results
highlighted an interaction between chronotype,
training session time and test performance. This
finding underlines the importance of a correct
chronobiological approach to sports. Further stu-
dies are needed to assess the effect of chronotype
on performance in various sports. For sports tech-
nicians, it could be very important to train specific
skills to maximize performance, particularly dur-
ing adolescence. Scheduling training sessions
based on circadian preferences could be a valid
strategy to enhance athletic performance.
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