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ABSTRACT: This study aimed to examine the effects of pre-bedtime smartphone use on sleep quality and
athletic performance in soccer players while also investigating potential time-of-day variations. In this randomized
controlled crossover trial, 16 male elite-level players were assigned to either use a smartphone for two hours
prior to bedtime or read magazines (control), separated by a one-week washout period. Participants completed
morning and afternoon performance tests (cognitive and physical assessments) and sleep quality measurements.
Nocturnal smartphone use significantly impaired sleep quality, increasing sleepiness after days 3 and 5 (p < 0.01;
d=5.74, d=5.72, respectively), decreasing total sleep time, increasing sleep onset latency, and reducing sleep
efficiency (all p < 0.01; d=1, d=4.59). Cognitive performance initially showed improved afternoon results,
although following five days of smartphone use, this pattern reversed with enhanced morning performance
(p < 0.01; d=0.53, d=1.48). Simple and choice reaction times deteriorated significantly in afternoon sessions
compared to both baseline and control conditions (p < 0.01; d=0.96-3.47). Physical performance tests revealed
decreased jumping ability and slower reactive agility times following five nights of smartphone use, particularly
in afternoon sessions (p < 0.01; d=0.85-0.91). Five consecutive nights of pre-bedtime smartphone use impaired
sleep quality and both cognitive and physical performance in elite soccer players, with stronger effects in
afternoon sessions. These findings emphasize the importance of implementing device-free periods prior to
bedtime and potentially adjusting training schedules when evening screen exposure is unavoidable. Future
research should explore countermeasures for managing evening device exposure in elite athletes.
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INTRODUCTIO/N 15—
Sleep is a crucial component of athletic recovery as well as physical
and psychological performance. Previous studies demonstrated strong
positive associations between sleep and various aspects of athletic
performance, including sports-specific skills, strength, and muscular
power [1, 2]. These benefits were further supported by Mah et al. [1],
who found that adequate sleep improved sprint times, reaction times,
accuracy, and mood state.

The athlete’s sleep is influenced by both sport-specific factors —
such as training schedules, travel, and competition demands — and
non-sport factors, including stress and anxiety [2]. The available
body of evidence indicates that elite athletes are particularly suscep-
tible to sleep inadequacies, which are characterized by habitual short
sleep duration (< 7 hours each night) and poor sleep quality, for in-
stance, fragmented sleep [2]. Although insufficient sleep can signif-
icantly impair athletic performance through multiple mechanisms,
individual differences in susceptibility to sleep disturbances may
modulate the extent of these effects among soccer players. At the
physiological level, sleep deprivation negatively affects muscle gly-
cogen stores and increases perceived stress [3, 4], while also reduc-
ing time to exhaustion [5] and decreasing movement accuracy [6, 71.
Beyond physical effects, inadequate sleep impairs cognitive func-
tion, emotional regulation, and decision-making abilities [8-11],
while also contributing to mood disturbances [12]. Moreover, chro-
nobiological factors such as individual chronotype and circadian
phase alignment play a crucial role in athletic performance and re-
covery [13]. Evidence shows that evening chronotypes tend to ex-
perience greater sleep deficits and impaired morning performance,
which is particularly relevant for athletes with early training
schedules [14, 15].

Although athletes and coaches believe that adequate sleep is es-
sential for optimal performance [16-18], there are many situations
when sleep disruptions occur prior to major competitions, such as
early morning training, increases in training load, travel departure
times and performing at altitude [19]. Athletes who reported wors-
ened sleep (quality and/or quantity) prior to competition suggested
nervousness and negative thoughts regarding the competition con-
tributed to sleep problems [20]. Furthermore, one of the major con-
tributing external factors in sleep decline is the use of light-emitting
devices (such as tablets, televisions, smartphones, computers) spe-
cifically during the hours prior to sleep [21], as light is considered
the most potent environmental signal that impacts the human cir-
cadian clock [22]. Additionally, blue-light exposure may also lead to
a phase shift in the biological clock and acutely suppresses the sleep-
facilitating hormone melatonin [21, 23, 24], thus leading to a re-
duction in overall sleep quality and quantity [25-28]. However, oth-
er potential factors that may affect sleep, such as stress levels [29],
dietary habits, or stimulant intake [30], should also be considered
when interpreting the observed effects.

The use of electronic devices in the evening has been associated
with more perceived difficulty in falling asleep [26, 31]. It has been
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shown that exposure to the blue light from smartphone LED displays
during night-time may impair sleep quality and increase errors of
commission. These effects were observed through a delayed onset
of melatonin and a rise in body temperature, although these physi-
ological changes did not reach statistical significance [32]. Howev-
er, the findings did suggest that alterations in sleep and cognitive
functions may serve as more sensitive indicators of blue light expo-
sure from smartphones than changes in melatonin, cortisol, or body
temperature [32]. Other studies showed no effect of short-wave-
length light from smartphones and melatonin tablets release [28, 33].
Further studies have shown athletes commonly engage in blue light-
emitting activities prior to bedtime [34]. Jones et al. [35] found that
the number of electronic devices used prior to bed was associated
with athletes’ perceived sleep onset time, although no relationship
between device use and actual bedtime or time spent in bed was
observed. Interestingly, Jones et al. [36] demonstrated that remov-
ing electronic devices in the evening during short-duration training
camps (4-7 nights) did not lead to improvements in either sleep
quantity or cognitive performance. Considering the psychological ef-
fects of cell phone usage, it has been reported that a correlation be-
tween smartphone addiction and sleep disturbance has been
found [37], which can potentially be a consequence of an increase
in sleep disorders and fatigue. A further study showed that partici-
pants with poor sleep quality had a greater degree of smartphone
dependence than participants with good sleep quality. In particular,
lower smartphone dependence and enhanced health-related behav-
iors, resulted in improved sleep quality [38]. Emerging research in-
dicates that elite youth athletes increasingly engage in evening screen-
based activities, particularly via smartphones and tablets, often as
part of recovery routines or social interactions [39, 40]. However,
such habits may inadvertently contribute to sleep disturbances due
to overstimulation and circadian disruption.

However, to the best of the authors’ knowledge, there are limit-
ed studies investigating the combined effects of evening electronic
device use on sleep quality, cognitive performance, and physical per-
formance in soccer players. Additionally, the time-of-day effects of
such exposure on athletic performance remain largely unexplored.
Furthermore, while the acute effects have been studied, the cumu-
lative impact of consecutive nights of device use on athletic perfor-
mance has not been thoroughly examined. Thus, based on these
gaps in the existing literature regarding the cumulative effects of eve-
ning device use and the lack of comprehensive studies examining
both cognitive and physical performance measures in athletes, the
study aims are to: (i) examine how smartphone usage two hours pri-
or to bed for five consecutive nights affects young soccer players’
sleep quality, (ii) assess its impact on both cognitive and physical
performance, and (iii) investigate potential time-of-day variations in
these effects. Based on existing literature [43, 44], the study hy-
pothesis is that using a smartphone two hours prior to bedtime will
impair the sleep quality of elite soccer players, resulting in increased
sleep latency and reduced total sleep duration. Furthermore, it is
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predicted that this sleep disruption will lead to declines in cognitive
performance, such as attention and reaction time, as well as physi-
cal performance, including reactive agility and explosive strength. Fi-
nally, these effects will be more pronounced in the morning, when
participants are still affected by cumulative sleep deprivation.

MATERIALS AND METHOD 'S 15
Study design

Monday, Wednesday, and Friday preceding the experiment, partici-
pants completed three familiarity sessions considering procedures,
experimenters, and tests. The experimental protocol consisted of two
randomized trials separated by one week. For each trial, participants
engaged in a specific activity (either watching videos or reading
magazines) for two hours before bedtime (between 8:00 PM and
10:00 PM) across five consecutive nights. A researcher was present
during each session to monitor adherence to the protocol and ensure
standardization. The researchers responsible for administering the
cognitive and physical performance tests were blinded to the par-
ticipants' assigned condition (video or magazine) in order to minimize
assessment bias.

In the experimental condition, participants freely used an 11-inch
Lenovo Yoga Tab 11 tablet between 8:00 PM and 10:00 PM. The
video content was standardized across all conditions to ensure con-
sistency and minimize variability. It was selected for its neutral en-
tertainment value, avoiding any elements that could engage partic-
ipants cognitively or emotionally. The tablet's blue light was quantified
using a spectroradiometer (Model PR-655, Photo Research,
Chatsworth, CA, USA). The measured blue light had a peak wave-
length of 460 nm and an intensity of 30 uW-cm—2 when viewed
from a distance of 50 cm [26]. During each blue light exposure ses-
sion, the same video was presented on the tablet for viewing. To pre-
vent any further exposure, the tablet, along with all other electronic
devices, was immediately removed at the end of each session. The
videos were selected based on neutral entertainment value, defined
as content devoid of emotionally or cognitively stimulating material
(e.g., no dramatic events, moral dilemmas, or complex narratives).
To ensure standardization, all videos were matched in duration, for-
mat, and thematic neutrality (e.g., nature scenes, slow-paced doc-
umentaries, or basic lifestyle segments).

In the control condition, participants read printed magazines, se-
lected for non-engaging and neutral entertainment nature, between
8:00 PM and 10:00 PM, to minimize cognitive and emotional stim-
ulation [25]. If participants chose not to read, instructions were pro-
vided to relax while avoiding falling asleep for two hours. This activ-
ity was designed to serve as a standardized control condition with
minimal cognitive engagement. Efforts were made to control for cog-
nitive load by selecting neutral content, ensuring that the primary
difference between the conditions stemmed from the type of media
exposure rather than the content itself.

Both conditions were conducted in a controlled environment with
standardized light intensity, room temperature, and noise levels.

Lighting was controlled by conducting all experimental sessions in
a standardized environment with artificial lighting. To ensure consis-
tency, participants were required to maintain regular sleeping sched-
ules, which were recorded in a sleep diary, and to follow dietary hab-
its. Participants consumed a standardized dinner 3.5 hours prior to
habitual bedtime and refrained from consuming caffeine, alcohol, or
other substances that might influence alertness or sleep quality. Par-
ticipants were also instructed to maintain habitual physical activity
levels while avoiding strenuous exercise in the 24 hours preceding
testing sessions. Training loads were standardized and monitored
throughout the study period using rate of perceived exertion (RPE)
scores and duration of training sessions, with all participants follow-
ing the same team training schedule to ensure consistency in phys-
ical exertion levels between experimental conditions.

After the first, third, and fifth nights in both conditions, partici-
pants underwent identical testing sessions conducted in the morn-
ing (between 7: 00 AM and 8: 30 AM) and afternoon (between 5:
00 PM and 6: 30 PM) (Figure 1). These timings were selected based
on literature documenting the phases of minimum and maximum
daytime levels of short-term maximal performance [41-43]. The
testing sessions included (i) cognitive performance tasks such as
Simple Reaction Time (SRT), Choice Reaction Time (CRT), Trail Mak-
ing Test (TMT), and The Digit Cancellation Test (D-CAT), (ii) physi-
cal performance tests, including squat jump (SJ), countermovement
jumps with arm swing (CMJA), and Reactive Agility Test (RAT). Re-
covery periods were standardized to five minutes between physical
tests and two minutes between trials of the same test.

To minimize potential confounding factors, participants adhered
to strict dietary guidelines. Prior to morning testing, participants were
limited to one glass (150-200 mL) of water to avoid postprandial
thermogenesis effects. Prior to afternoon testing, participants con-
sumed an individualized isocaloric meal at 12: 00 midday, standard-
ized in macronutrient composition and representing approximately
one-third of the participants’ estimated daily energy requirements.
These requirements were calculated using the Mifflin-St Jeor equa-
tion based on each participant's age, weight, height, and physical
activity level. Following the meal, water consumption was permitted
ad libitum. Compliance with these protocols was easily ensured, as
all participants were members of the same soccer team.

Participants

Sixteen male soccer players competing at a high-performance level
(mean (SD) age 19.75+ 1.0y, range 18-21 y; height 1.75+0.05 m;
body mass 66.75 + 3.19 kg) volunteered to participate in this study.
All participants were adults (> 18 years) at the time of enroliment,
meeting ethical requirements for informed consent without parental
approval.

The players were affiliated with a professional club competing in
the Tunisian Premier League, with players performing five training
sessions per week. Participants had more than eight years of expe-
rience in soccer, a criterion commonly used to classify players as
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high-level athletes [44]. Following a thorough explanation of the pur-
pose, methods, and possible risks and benefits of the study, partic-
ipants provided written informed consent prior to participation. All
participants had regular sleep schedules (sleep duration
7.5+0.5 hours) based on the Bastuji and Jouvet [45] calendar,
completed over one month. To have a group without extreme morn-
ing or evening types, participants were selected as “neither type”
based on answers to the Horne and Ostberg self-assessment ques-
tionnaire [46]. During the experiment period, no lower-limb injuries
or muscle soreness were observed and no participant was consum-
ing medication.

Players were classified as centre-backs (CB; n = 10), full-backs
(FB; n = 11), centre midfielders (CM; n = 8), wingers (W; n = 5),
and centre forwards (CF; n = 7). If a player fulfilled multiple play-
ing positions during match-play, the player was categorized accord-
ingly to each position [13]. Although playing positions were record-
ed, no subgroup analyzes based on this variable were conducted due
to the limited sample size and the study’s focus on the overall ef-
fects of the intervention across all players. The required sample size
was calculated using G*Power software (version 3.1.9.6; Kiel Uni-
versity, Kiel, Germany) to ensure a statistical power (1 —) of 0.80 and
a significance level (a) of 0.05. A large effect size (Cohen’sd = 0.85)
was selected, in line with findings from Dergaa et al. [47], who re-
ported a comparable effect size (d = 0.85) for improvements in per-
ceived sleep quality following a recovery intervention in physically
active young males. Furthermore, the effect sizes observed in our
own data for key outcomes such as jump height and reactive agili-
ty after smartphone use were within a similar range (d = 0.85-0.91),
supporting the validity of this estimate. Based on these parameters,
the power analysis determined that a minimum of 14 participants
was required.
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FIG. 1. Experimental design of the study.
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Ethical Approval

The study protocol adhered to the ethical principles outlined in the
Declaration of Helsinki and was approved by the Ethics Committee
of the Faculty of Medicine of Sfax, University of Sfax, Sfax, Tunisia
(reference number 49/2024). The study also complied with the
ethical and procedural requirements of the conduct of sports medicine
and exercise science research outlined by Guelmemi et al. [48].

Testing procedures
Cognitive Performance Tests
Simple Reaction Time (SRT)
The simple reaction time (SRT) involved the appearance of a green
circle on a black background, positioned horizontally at the center
of the computer screen. Participants were instructed to press a but-
ton with the preferred thumb as quickly as the imperative stimulus
appeared on the screen. The imperative visual signal was preceded
by a preparatory warning visual signal (a white circle) that appeared
immediately prior to the imperative signal. The duration of the pre-
paratory period was variable and random, ranging between 200 and
1400 milliseconds (ms) and commenced with the participant’s pre-
vious response.

The SRT task was performed at rest and was presented 20 times
during each experimental session.

Choice Reaction Time (CRT)

In this type of task, the preparatory visual signal only served as
a warning and did not provide information regarding the location of
the imperative signal. The response CRT task involved pressing a but-
ton with either the left or right thumb, depending on the spatial
configuration of the imperative signal. For example, if the signal
appeared on the upper right, the participant had to press the right
button located at the top of the screen. Thus, the participant faced
a processing alternative and had to continuously select a response
choice.

The imperative signal was preceded by a preparatory visual sig-
nal consisting of four white circles arranged in a square pattern, with
a randomized onset between 200 and 1400 ms. Participants were
instructed to press the appropriate button as quickly as possible
when one of the four circles turned green. Reaction time was record-
ed for each trial with higher scores reflecting slower performance.
An error was defined as either an incorrect response (i.e., pressing
the wrong button) or an anticipatory response. Both reaction time
tests were conducted using the free software OpenSesame [49]. In
fact, meta-analyzes of standard CRT tasks report generally low reli-
ability, with Pearson correlations indicating suboptimal stability across
sessions (0.30-0.37) [50].

Trail Making Test (TMT)

Two tests were conducted to assess visual attentional control, per-
ceptual speed, and working memory capacity. Both tests were per-
formed in a seated position. The first component of the trail-making




Evening smartphone use impairs sleep & performance

test (TMT-A) evaluates visuo-perceptual abilities, while the TMT-B
assesses working memory and task-switching ability [51, 52]. Both
parts were done with a pencil and paper. In part A, numbers from
1 to 25 have to be linked using a pencil; for part 2, the number
sequence is interrupted each time by the corresponding letter (1-13;
A-L) [52]. Completion time (in seconds) was recorded to the nearest
0.1 s using a digital stopwatch [53]. The TMT B-A score (which was
calculated as the difference between the TMT-B and the TMT-A
completion times) is thought to provide a relatively pure indicator of
cognitive flexibility [52], which is a fundamental component of ex-
ecutive control and refers to one’s ability to efficiently switch between
tasks [54].

Participants performed the TMT under two experimental condi-
tions: (1) evening electronic device use and (2) a control condition.
To control for potential learning or fatigue effects, the order of test
administration was systematically counter-balanced. Specifically,
participants were randomly assigned to one of two test orders: half
completed TMT-A first, followed by TMT-B, while the other half com-
pleted TMT-B first, followed by TMT-A. This approach ensured that
any order effects were evenly distributed across conditions.

Moreover, the TMT has demonstrated good test-retest reliability
in previous studies [55-57], with reported reliability coefficients typ-
ically ranging from 0.71-0.89 for TMT-A, and 0.74-0.94 for TMT-B,
and approximately 0.74 for the B-A difference score. These values
indicate moderate to high stability across repeated administrations,
supporting the use of the TMT in repeated-measures experimental
designs [55].

Attention Task (Digit cancellation test)

Attention was assessed using a pencil-and-paper test validated by
Zazzo [58]. This is a visual discrimination task (detection of target
numbers every time it finds one within a series of lines of num-
bers) [591. The Digit Cancellation Test (D-CAT) demonstrates high
test-retest reliability, with correlation coefficients of 0.79 for the
single-target trial, 0.86 for the two-target trial, and 0.85 for the
three-target trial, thus all statistically significant and indicating strong
stability across sessions [60].

Physical Performance Tests

Vertical Jump tests

Participants performed maximal vertical jumps (SJ) and counter-
movement jumps with arm swing (CMJA) using an infrared jump
system (Optojump, Microgate, Bolzano, Italy) connected to a mi-
crocomputer. The Optojump system measures flight and contact
times with an accuracy of 1/1000 of a second. The SJ consisted
of a maximal jump from a flexed knee position (approximately 90°),
with hands on the hips, without performing any countermovement
prior to the start of the jump. The CMJA involved a leg flexion from
the upright standing position, followed by a quick descent to 90°
knee flexion, then an explosive concentric action to reach a maxi-
mal height with hands placed on the hips. Each participant was

instructed to swing their arms at a time of their choosing once the
jumping motion had been initiated. These protocols have been
previously validated [63].

All participants were familiar with the jumping protocols, hav-
ing regularly performed jumps as part of club assessments and
having participated in several practice testing sessions. The tests
were conducted in an indoor environment, on a flat, non-slip sur-
face, at a room temperature of 18-20°C, to avoid any external sur-
face variations that might affect the results. A commercially avail-
able jump mat (SmartJump™, FusionSport, Australia) was used
to perform the test. The SmartJump system has previously been
validated [61]. For each test, participants performed three attempts
with a 2-minute recovery interval between each trial. The best re-
sult from each participant was recorded in centimeters (cm) for
further analysis.

Reactive Agility Test (RAT)

The Reactive Agility Test (RAT) was performed according to the
protocol described previously by Trajkovic et al. [62]. In the current
study, the RAT involved a decision-making element provided by a light
stimulus. When the participants passed the first gate, the signal
showed a right or left direction. The participants then reacted to the
visual signal, change direction, to pass the third gate within a Y-
shaped course. Participants were instructed to recognize the cues as
fast as possible and not to anticipate. The total time was recorded
for each trial, and the best performance was taken for analysis. The
completion time was recorded using photocell gates (Microgate,
Polifemo Radio Light, Bolzano, Italy) placed 0.4 m above the ground,
with an accuracy of 0.001 s. All physical performance tests (SJ,
CMJ, RAT) were performed in the same sequence for all participants.
The standardized order was as follows: SJ, CMJA and finally RAT.

Sleep Assessment

The Sleep Diary

Daily-monitored sleep quantity was assessed with the Consensus
Sleep Diary (CSD) [63] which provided the following dependent sleep
variables: sleep onset latency (SOL), total sleep time (TST), wake
after sleep onset (WASO), subjective perception of the quality of sleep
(SSQ) (often on a scale from 1 to 5 and 5 indicating high sleep
quality) and sleep efficiency (SE). The SE percent is calculated as
(time in bed/total sleep time) * 100 for each night.

Spiegel Sleep Quality Perception Questionnaire

Subjective sleep quality was also assessed using the Spiegel Sleep
Quality Perception Questionnaire [64] completed in the morning
following days 1, 3, and 5 of the experimental conditions. Participants
answered six items, with scores that ranged from O to 5, for sleep
time, quality of sleep, nocturnal awakenings, dreams, and morning
form state. The total score of the Spiegel questionnaire determined
subjective sleep quality.
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The Epworth Sleepiness Scale

The Epworth Sleepiness Scale (ESS) is a self-reported scale that
evaluates if a person is apt to doze off or fall asleep in everyday situ-
ations. Scores above 10 indicate excessive daytime sleepiness [65].

Statistical analysis

Statistical analyzes were performed using the SPSS software statis-
tical package (SPSS Inc., Chicago, IL, version 16.0). Data are pre-
sented as mean =+ standard deviation (SD). The Shapiro-Wilk test of
normality revealed that the data were normally distributed; therefore,
parametric tests were performed. A repeated measure three-factor
analysis of variance (ANOVA) (2 conditions x 2 times of day x 3 cu-
mulative exposure days) was conducted for the cognitive and phys-
ical performances. Sleep activity patterns and somnolence were
assessed using repeated measures of two-way ANOVA (2 condi-
tions x 3 cumulative exposure days). If significant main effects were
found, a Bonferroni post-hoc analysis was performed. Effect sizes
were calculated using partial eta squared (np?), and interpreted as
small (> 0.01), medium (> 0.06), and large (> 0.14), following
Cohen’s benchmarks (Lakens, 2013). For the main outcome variables,
95% confidence intervals (Cls) were also reported to determine the
precision and practical significance of observed effects. The level of
statistical significance was set at p < 0.05.

RES U LT S 150
Cognitive Performance Tests

Simple Reaction Time (SRT)

There was a significant main effect of condition (F = 26.38, p < 0.01,
d = 0.66), time (F = 3.82, p < 0.05,d = 0.25), and TOD (F =
21.71, p < 0.01, d = 0.60). Moreover, there was a significant in-
teraction between these three factors (F = 7.20, p < 0.01,d =
0.34). In the control condition, the SRT was significantly better in
the afternoon than in the morning after day 1 (p < 0.01, 95%
Cl[-12.12,-7.52]), day 3 (p < 0.05, 95% CI [-9.11, -1.79]), and
day 5 (p < 0.05, 95% CI [—9.07, —1.34]). Similarly, with evening
electronic device use, performances were better in the afternoon than
in the morning only after day 1 (p < 0.01, 95% CI [-9.32, -4.94])
and day 3 (p < 0.01, 95% CI [-8.34, -4.041). However, after day
5in ED, the TOD effect was reversed with better performance in the
morning than in the afternoon (p < 0.01, 95% CI [3.10, 9.901). In
addition, five days of night use of electronic devices reduced SRT
performances significantly in the afternoon compared to post-day
1 (p < 0.01, 95% ClI [-9.32, -4.94]) and to all measures of the
control condition (p < 0.01, 95% CI [-12.12, -7.52]). However,
this performance was similar in the morning following day 1, day 3,
and day 5 and the afternoon following day 1 and day 3 in the two
experimental conditions (Figure 2).

Choice Reaction Time (CRT)
There was a significant main effect of condition (F = 12.14, p < 0.01,
d = 0.44), time (F = 8.16, p < 0.01, d = 0.36), and time of day
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(F=11.14, p < 0.01, d = 0.43). Moreover, these factors had
a significant interaction (F = 6.11, p < 0.01, d = 0.32). In the
control condition, the CRT performance was significantly lower in
the afternoon than in the morning following day 1 (p < 0.01, 95%
Cl [-13.77, -7.79]), day 3 (p < 0.01, 95% CI [-10.52, -4.60]),
and day 5 (p < 0.01, 95% CI [-8.75, -3.62]). Similarly, with evening
electronic device usage, Performance was significantly higher in the
afternoon than in the morning only following day 1 (p < 0.01, 95%
Cl[-13.57,-7.60]) and day 3 (p < 0.01, 95% CI [-11.29, -5.10]).
However, following day 5, in the ED group, the time-of-day effect
was reversed, with improved performance in the morning compared
to the afternoon (p < 0.01, 95% CI [3.19, 9.57]). In addition, five
days of night use of electronic devices reduced CRT performances
significantly in the afternoon compared to post-day 1 (p < 0.01,
95% CI[-13.57, -7.601) and to all measures of the control condition
(p < 0.01, 95% CI [-13.77, -7.79]). However, this performance
remained consistent in the morning following day 1, day 3, and
day 5, and in the afternoon following day 1 and day 3, across both
experimental conditions (Figure 2).

Trail Making Test

Part A (TMT-A) (visuoperceptual abilities)

There was a significant main effect of condition (F = 47.09, p < 0.01,
d = 0.88) and TOD (F = 6.58, p < 0.01, d = 0.33) and no sig-
nificant main effect of time (F = 2.32, p > 0.05, d = 0.19). More-
over, there was a significant interaction between time and condition
factors (F = 7.21, p < 0.01, d = 0.34). In the control condition,
the time taken to complete TMT-A was significantly shorter in the
afternoon compared to the morning following day 1 (p < 0.01, 95%
Cl[27.2,28.9]), day 3 (p < 0.01, 95% CI [26.4, 27.9]), and day
5(p < 0.01, 95% CI [25.1, 26.7]). However, with evening elec-
tronic device use, performances were significantly higher in the af-
ternoon than in the morning only following day 1 (p < 0.001, 95%
Cl [27.6, 28.4]) and day 3 (p < 0.01, 95% CI [27.5, 28.3]). In
this condition, the TOD effect disappeared following day 5 (p > 0.05,
95% ClI [-0.3, 0.11). Furthermore, following five days of electronic
device night use, the time taken to complete TMT-A decreased sig-
nificantly in the afternoon compared to the control condition
(p < 0.01, 95% CI [0.7, 2.3]). However, this performance was the
same in the morning and the afternoon following day 1 and day 3 in
both experimental conditions (Figure 3).

Part B (TM1-B) (working memory, visual search, and task-
switching abilities)

There was a significant main effect of condition (F = 18.99, p < 0.01,
d =0.56), time (F = 3.99, p < 0.05, d = 0.25), and no significant
main effect of TOD (F = 0.39, p > 0.05, d = 0.08). Moreover, there
was a significant interaction between time and condition factors (F =
5.23, p < 0.01, d = 0.30). A repeated measures ANOVA revealed
a significant TOD effect for TMT-B completion time under the control
condition, with faster performance in the afternoon compared to the
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FIG. 2. Mean (= SE) values of SRT and CRT in professional soccer players registered between 7: 00 AM and 6: 30 PM following
day 1, day 3, and day 5 in electronic device and control condition

SRT: Simple Reaction Time; CRT: Choice Reaction Time; M: Morning; A: Afternoon. €, significant difference compared to post-day 5.
$, significant difference from morning (p < 0.05). ¥, significant difference from afternoon (p < 0.05). **, significant difference between
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FIG. 3. Mean (= SE) values of TMT in professional soccer players, registered between 7: 00 AM and 6: 30 PM following day 1, day
3, and day 5 in the electronic device and control condition

TMT A: Trail Making Test Part A; TMT B: Trail Making Test Part B; TMT B-A: Trail Making Test (Part B — Part A); €, significant difference
compared to post-day 5 (p < 0.05). ¥, significant difference from morning (p < 0.05). *Significant difference between Control (C)
and Experimental Group (ED) (p < 0.05). **, significant difference between Control (C) and Experimental Group (ED) (p < 0.01).
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morning following day 1 (p < 0.01, 95% ClI [47.4, 48.1]), day 3
(p < 0.01, 95% Cl [47.3, 48.0]), and day 5 (p < 0.01, 95%
Cl [47.2, 47.9]). However, with evening electronic device use, per-
formances were greater in the afternoon than in the morning only
following day 1 (p < 0.01, 95% ClI [47.5, 48.2]) and day 3 (p < 0.01,
95% Cl [47.6, 48.3]) in this condition. The TOD effect was negli-
gible following day 5 (p > 0.05, 95% CI [-0.5, 0.2]). In comparison
with the control condition, evening electronic device use conditions
reported no significant effect following day 1 and day 3 (p > 0.05,
95% ClI [-0.4, 0.5]). However, TMT-B was found to be significantly
lower following five days of night use of the electronic device at
5:00 PM (p < 0.01, 95% CI [0.8, 2.2]) (Figure 3).

Trail Making Test B-A (TMT B-A)

There was a no significant main effect of condition (F = 1.75,
p > 0.05,d = 0.16), time (F = 0.638, p > 0.05, d = 0.10), and
no significant main effect of TOD (F = 1.50, p > 0.05, d = 0.15).
Moreover, there was no significant interaction between these three
factors (F = 0.32, p > 0.05, d = 0.07). In the control condition,
the TMT B-A index was significantly lower in the afternoon than in
the morning following day 1 (p < 0.01, 95% CI [19.6, 20.11), day
3 (p < 0.01, 95% CI [19.2, 19.8]), and day 5 (p < 0.01, 95%
CI [19.0, 19.5]). However, with evening electronic device use, the
TMT B-A score was significantly lower in the afternoon than in the
morning only following day 1 (p < 0.01, 95% CI [19.8, 20.3]) and
day 3 (p < 0.01, 95% CI [19.5, 20.0]). The TOD effect was negli-
gible following day 5 (p > 0.05, 95% CI [-0.2, 0.11). In addition,
following five days of electronic device night use, the TMT B-A time
decreased significantly in the afternoon compared to the control con-
dition (p < 0.01, 95% CI [0.6, 1.8]). However, this performance
did not differ between the morning and afternoon following day 1 and
day 3 in both experimental conditions (Figure 3).

Attention Task (number cancellation test)

There was a significant main effect of condition (F = 32.76, p < 0.01,
d = 0.73), TOD effect (F = 13.87, p < 0.01, d = 0.48), and no
significant main effect of time (F = 2.11, p > 0.05, d = 0.18).
However, there was a significant interaction between time and con-
dition (F = 11.71, p < 0.01, d = 0.44). In the control condition,
participants reported significantly higher levels of alertness in the
afternoon than in the morning following day 1 (p < 0.05) and day
3 (p < 0.05). Under evening electronic device use, afternoon per-
formance was significantly greater than morning performance only
following day 1 (p < 0.01) and day 3 (p < 0.01). In this condition,
the TOD effect was negligible following day 5 (p > .05). In addition,
following five days of electronic device night use, the self-rating of
alertness decreased significantly compared to the control condition
in the morning (p < 0.05) and in the afternoon following day
3 (p < 0.05) and day 5 (p < 0.01). Furthermore, this performance
did not differ between the morning following day 1 and day 3 in the
two experimental conditions (Figure 4).
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Physical Performance Tests

Squat Jump (S))

There was no significant effect of condition (F = 1.03, p > 0.05,
d = 0.13) and a significant main effect of time (F = 3.87, p < 0.05,
d = 0.25) and TOD (F = 27.04, p < 0.01, d = 0.67). Moreover,
there was a significant interaction between these three factors (F =
3.48, p < 0.05, d = 0.24) and a significant interaction between
time and TOD (F = 3.94, p < 0.05, d = 0.25). Under the control
condition, a significant TOD effect was observed for SJ performance,
with greater jump heights recorded in the afternoon compared to the
morning following day 1 (p < 0.05), day 3 (p < 0.01), and 5
(p < 0.01). However, with evening electronic device use, perfor-
mances were significantly higher in the afternoon than in the morn-
ing only following day 1 (p < 0.01) and day 3 (p < 0.05). In this
condition, the time-of-day effect was no longer significant following
day 5 (p > 0.05). In addition, after five days of night use of the
electronic device, SJ decreased significantly compared to the control
condition in the afternoon (p < 0.01). However, this performance
did not differ between the morning and the afternoon following
day 1 and day 3 in the two experimental conditions (Figure 5).

Countermovement Jump with arm swing (CMJA)

There was a significant main effect of condition (F = 6.60, p < 0.01,
d = 0.33), time (F = 4.05, p < 0.05, d = 0.25), and TOD (F =
15.39, p < 0.01, d = 0.5). Moreover, there was a significant inter-
action between condition and time (F = 5.96, p < 0.01,d = 0.31)
and time and TOD (F = 6.79, p < 0.01, d = 0.33). In the control
condition, repeated measures analysis revealed significantly greater
CMJA performance in the afternoon compared to the morning fol-
lowing day 1 (p < 0.01), day 3 (p < 0.01), and day 5 (p < 0.05).
However, with evening electronic device use, a significant TOD dif-
ference emerged, with improved afternoon performance compared
to the morning only following day 1 (p < 0.05) and day 3 (p < 0.01).
The TOD effect was negligible following day 5 (p > 0.05). In addi-
tion, following five days of electronic devices night use, CMJA de-
creased significantly compared to the control condition in the afternoon
(p < 0.01). However, this performance did not differ between the
morning and the afternoon following day 1 and day 3 in the two
experimental conditions (Figure 5).

Reactive Agility Test (RAT)

There was no significant effect of condition (F = 2.63, p > 0.05,
d = 0.20) and a significant main effect of time (F = 3.60, p < 0.05,
d = 0.25) and TOD (F = 2.77, p > 0.05, d = 0.21). Moreover,
there was a significant interaction between these three factors (F =
4.93, p < 0.01, d = 0.28). In the control condition, the RA was
significantly higher in the afternoon than in the morning following
day 1 (p < 0.01), day 3 (p < 0.01), and day 5 (p < 0.01). How-
ever, with evening electronic device use, RA time was significantly
shorter in the afternoon than in the morning only following day
1 (p < 0.01) and day 3 (p < 0.05). In this condition, the
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¢, Significant difference compared to post-day 5 (p < 0.05). %, significant difference from morning (p < 0.05). *, significant difference
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TABLE 1. Mean (+ SD) values of RA in professional soccer players, registered between 7: 00 AM and 6: 30 PM in professional
soccer players following day 1, day 3, and day 5 in electronic device and control condition.

Electronic device Control condition
After day 1 After day 3 After day 5 After day 1 After day 3 After day 5
M A M A M A M A M A M A

2.4 2.3 2.5 2.3 2.5 2.5 2.4 2.3 2.4 2.3 2.4 2.2

RA +02 *£02% +02 03 +02 =*02 =02 =02 +02 =02% +02" +0.2%"

RA: Reactive Agility Test; M: Morning; A: Afternoon. ¢, significant difference compared to post-day 5 (p < 0.05). ¥, significant difference
from morning (p < 0.05). *: significant difference between Control (C) and Experimental Group (ED) (p < 0.05). **: significant
difference between Control (C) and Experimental Group (ED) (p < 0.01).

TABLE 2. Epworth sleepiness scale in professional soccer players across five nights; following day 1, day 3, and day 5 in electronic
device and control condition.

Electronic device Control condition
Following day 1 Following day 3 Following day 5  Following day 1 Following day 3 Following day 5
ESS 6.6 +0.7°¢ 11.9+1.1° 13.3+x1.5 6.2+0.8 5.9+0.9" 6.2+0.9"

ES: Epworth Sleepiness Scale. °, significant difference compared to post-day 3 (p < 0.05). ¢, significant difference compared to post-
day 5 (p < 0.05). **, significant difference between Control (C) and Experimental Group (ED) (p < 0.01).

TABLE 3. Sleep variables in professional soccer players across five nights following day 1, day 3, and day 5 in the electronic device
and control condition.

Electronic device Control condition
Following day 1  Following day 3  Following day 5 Following day 1  Following day 3  Following day 5
TST (mins) 439.4+46.1° 411.8+48.0 391.9+48.9 497.0+32.2" 513.7+27.8" 518.4+20.5"
SOL (mins) 25.3+39°¢ 29.5+40° 36.6+6.5 19.8+4.6 17.1+5.1" 16.8+3.0"
WASO (mins) 4.6+0.5°¢ 7.88+1.01° 11.66+1.5 26x1.7" 2.4x15" 25x1.2"
SE (%) 88.7 £1.43 b¢ 85.74+15° 79.9x2.3 90.9+3.7" 91.9+3.0" 92.4+1.3"
SSQ (1-5) 3.4+0.7°¢ 2.8+0.4 2.6+0.5 43+0.5 43+0.6" 45+0.5"

TST: Total sleep time; SOL: Sleep onset latency; WASO: Wake after sleep onset; SE: Sleep efficiency; SSQ: Subjective sleep quality:
the participants’ self rating of sleep quality on a 5-point Likert scale of 1 (very poor) to 5 (very good). °, significant difference compared
to post-day 3 (p < 0.05). ¢, significant difference compared to post-day 5 (p < 0.05). *: significant difference between Control (C)
and Experimental Group (ED) (p < 0.05). **, significant difference between Control (C) and Experimental Group (ED) (p < 0.01).

TABLE 4. Sleep Quality Assessment: Spiegel Score in professional soccer players across five nights following day 1, day 3, and day
5 in electronic device and control condition.

Electronic device Control condition

Following day 1 Following day 3 Following day 5 Following day 1 Following day 3 Following day 5

Spiegel’s score 25.2+1.2°¢ 23.6+x1.7°¢ 18.8+1.5 254+1.5 25.9+1.4" 25.8+1.2"
Sleep latency 43+0.7° 43+0.6° 3.4+0.6 4.1+0.7 4.4+0.6 43+0.7"

Sleep depth 3.9+0.5%¢ 3.9+0.4° 3+0.7 4.1+0.3 4.1+0.3 4.1+0.3"
Sleep duration 4.3+0.6° 3.7+0.70 3.2+0.4 43+0.4 42+04" 41+0.6"
Night-waking occurrences 4.3 =0.4¢ 4.1+0.5 2.8+0.6 45+0.5 45+0.6" 46+0.5"
Night-time dreams 4.5+0.5° 4.3+0.6 3.3+0.7 4.6+0.5 4.7+0.5 4.7+0.5"

Morning form 3.9+0.3% 3.3+0.6 3.1+x0.5 3.9+0.2 4.1+0.3" 4.1+0.3"

b significant difference compared to post-day 3 (p < 0.05). ¢, significant difference compared to post-day 5 (p < 0.05). *: significant
difference between Control (C) and Experimental Group (ED) (p < 0.05). **, significant difference between Control (C) and Experimental
Group (ED) (p < 0.01).
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time-of-day effect was negligible following day 5 (p > 0.05). In ad-
dition, following five days of electronic device night use, RA decreased
significantly compared to the control condition in the morning
(p < 0.05) and afternoon (p < 0.01). However, this performance
did not differ between the morning and afternoon following day 1 and
day 3 in the two experimental conditions (Table 1).

Sleep assessment

Subjective sleepiness (ESS)

There was a significant main effect of condition (F = 437.58,
p <0.01,d = 3.82) and time (F = 90.13, p < 0.01,d = 1.73).
Moreover, a significant interaction between time and condition was
also noted (F = 114.74, p < 0.01, d = 1.95). With evening elec-
tronic device use, participants reported significantly higher subjective
sleepiness on the ESS following day 3 (p < 0.01) and day 5 (p < 0.01)
compared to the control condition (Table 2).

Sleep diary

A main effect of the condition was revealed on TST (F = 151.85,
p < 0.01, d = 2.24). Moreover, there was a significant interaction
between condition and time (F = 6.32, p < 0.01, d = 0.45). The
evening electronic device use significantly shortened TST. There were
significant differences between groups in TST following nights 1, 3,
and 5. A significant difference was also observed between groups in
SOL following night 1(25.3+3.9vs 19.8 +4.6; p < 0.05), night 3
(29.5+4.0vs 17.1£5.1; p < 0.01) and night 5 (36.6 +6.5 vs
16.8 +3.0; p < 0.01) this condition. The evening electronic device
use increased SOL and WASO and decreased SE compared to the
control condition (see Table 3). The control group sleep quality rating
was significantly higher than the evening electronic device use group
following night 1 (4.3 0.5 vs 3.4+0.7; p < 0.05), night
3(4.3+0.6vs2.8+0.4; p < 0.01), and night 5 (4.5+0.5 vs
2.6+0.5; p < 0.01) (see Table 3).

Sleep Quality Assessment: Spiegel Score

The main effect of condition (F = 119.21, p < 0.01, d = 1.99)
and time was revealed (F = 43.60, p < 0.01, d = 1.2). Moreover,
these two factors significantly interacted (F = 47.87,p < 0.01,d =
1.263). With evening electronic device usage, the subjective sleep
quality was greater on day 1 (p < 0.01) and day 3 (p < 0.01). In
addition, following five days of electronic device night use, sleep
quality decreased significantly compared to the control condition
(p < 0.01) (see Table 4).

DISCU'S'SO /N 15
This study examined the effects of five consecutive nights of smart-
phone use on cognitive and physical performance in soccer players.
The main results demonstrated significant impairments with sub-
stantial effect sizes. Nocturnal smartphone use significantly reduced
TST (p < 0.01,d = 2.24), decreased SE (p < 0.01), and increased
SOL (p < 0.01) compared to the control condition. These sleep

disruptions corresponded with significant declines in cognitive per-
formance measures, including SRT (p < 0.01, d = 0.66), CRT
(p < 0.01,d = 0.44), and TMT (TMT-A: p < 0.01, d = 0.88;
TMT-B: p < 0.01, d = 0.56). Physical performance was similarly
affected, with diminished SJ, CMJA (p < 0.01, d = 0.33), and RA
performance. Notably, the typical TOD advantage (higher afternoon
performance) observed in the control condition disappeared following
five consecutive nights of smartphone exposure. While RA completion
time was significantly shorter in the afternoon compared to morning
sessions in the control condition across all measures (p < 0.01),
this diurnal advantage was eliminated following cumulative smart-
phone exposure, with performance deteriorating most significantly
in the afternoon following day 5 (p < 0.01). Moreover, subjective
sleepiness increased progressively with smartphone use (p < 0.01),
while sleep quality scores declined significantly (p < 0.01).

Cognitive Performance

The present results indicate that prolonged exposure to blue light
over several nights leads to a progressive decline in cognitive perfor-
mance, particularly in tasks requiring sustained attention and quick
decision-making, such as SRT and CRT tests. This decline contrasts
with some earlier studies that showed immediate improvements in
cognitive performance following exposure to blue light, whether at
night [66, 67] or during the day [68]. While these studies report
short-term benefits of exposure, the current results suggest that these
initial benefits are diminished after several nights of exposure, likely
due to the accumulation of cognitive fatigue induced by blue light.

Indeed, a decrease in performance throughout multiple nights of
exposure, particularly in tasks involving rapid decision-making, was
observed. This phenomenon aligns with the work of Scheuermaier
et al. [69], who showed that the beneficial effects of blue light ex-
posure, such as improved alertness, dissipate over time and can lead
to negative cognitive performance effects after prolonged exposure.
The current study results also suggest that the prolonged activation
of the sympathetic nervous system due to blue light might disrupt
participants’ circadian rhythms, which in turn could affect cognitive
functions, as also shown by Kretschmer et al. [70] and Baek
etal. [71].

Another hypothesis explaining the decline in performance after
several nights of exposure could be related to the disruption of sleep.
Although sleep quality was not directly measured during cognitive
tasks, previous studies suggest that blue light disrupts melatonin se-
cretion, leading to sleep disturbances and reductions in sleep qual-
ity [72]. This potential link between blue light, sleep disruption, and
cognitive fatigue warrants further exploration in future studies.

The current study results do not align with the work of Tulppo
et al. [73]1 and Alkozei et al. [74], who observed a significant reduc-
tion in reaction times following blue light exposure. This may be due
to the nature of the cognitive tasks used in the present study. In con-
trast to SRT tests like those used in previous research of Tulppo
et al. [76] and another study of Alkozei et al. [77], the present study
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included tasks that demand greater cognitive flexibility, such as the
TMT and the D-CAT, which assess task-switching ability and cogni-
tive flexibility [51]. Complex tasks involving sustained cognitive ef-
fort may be more likely to be negatively affected by prolonged blue
light exposure due to accumulated fatigue throughout multiple nights,
as suggested by Kretschmer et al. [70].

Furthermore, the present study results showed that prolonged ex-
posure to blue light affected participants’ performance in tasks as-
sessing visual attention and cognitive control, such as the TMT and
the D-CAT, highlighting the impact on cognitive flexibility and visual
attention. This progressive decline in performance could be explained
by a cumulative effect of repeated exposure, which may further dis-
rupt cognitive abilities over time, as suggested by other authors [711.
Therefore, these results underscore the importance of considering
not only the immediate effects but also the long-term consequences
of prolonged exposure to blue light.

Physical performance
The current findings revealed that performance in these physical
tasks was generally more effective in the afternoon than in the morn-
ing under the control condition, with no significant differences across
conditions. Therefore, this suggests that physical performance may
be influenced by the time of day, regardless of smartphone use.
Regarding the effects of evening smartphone exposure, the find-
ings revealed that a single incidence of nocturnal smartphone use
showed no effect on any physical performance measurements. How-
ever, repeated exposure over five consecutive nights was related to
reduced jumping (SJ and CMJA) and sprint performance (RAT). This
reduction is consistent with evidence demonstrating that changes in
sleep quality and quantity can negatively impact physical perfor-
mance. Following frequent smartphone usage, lower TST and in-
creased WASO were connected to reductions in physical performance.
Existing research supports the notion that insufficient sleep quality
and duration might impair physical performance and reduced sleep
duration has been demonstrated to negatively affect numerous ele-
ments of physical performance, such as aerobic capacity [75], sub-
maximal force [76], perceived effort [77], response time [36], and
execution time and accuracy [26]. Despite the limited interest that
current research shows in nighttime artificial light and its direct ef-
fects on physical performance, previous studies have demonstrated
that exposure to nighttime light can disrupt sleep and lead to a de-
crease in physical performance. For example, previous studies have
found that exposure to blue-enriched light before bedtime reduces
sleep duration [26] and impairs endurance performance the follow-
ing day [78]. Similarly, Silvani et al. [79] reported a decrease in re-
action time and muscle strength following sleep fragmentation in-
duced by nighttime artificial light. However, Cain and Gradisar [80]
suggest that the effects of light exposure may vary depending on in-
dividual chronotypes and adaptation mechanisms. The present re-
sults are consistent with those of Smotek et al. [81], although they
differ from those of Motamedzadeh et al. [82] and An et al. [67],
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potentially due to differences in participant characteristics or exper-
imental conditions.

Sleep Quality

The present findings suggest that nocturnal smartphone use signifi-
cantly increased subjective sleepiness, decreased total sleep time,
and impaired overall sleep quality, aligning with and extending exist-
ing literature on the effects of blue light exposure on sleep [26]. The
present results are consistent with Burkhart and Phelps [83] and
Souissi et al. [26], who found that blue light exposure decreased
sleep quality. In contrast, some studies have reported mixed outcomes.
Specifically, Viola et al. [84] observed an increase in sleep quality
following blue light exposure, while other studies [85-871 found no
significant change in sleep quality due to blue light exposure. Thus,
while findings support the idea that blue light can detrimentally affect
sleep quality, there is variability in the literature. The impact of blue
light exposure on sleep quality is complex and multifaceted. While
some studies suggest that blue light negatively affects sleep quality
by increasing sleep latency and reducing sleep duration [26, 83, 88],
other research has reported mixed findings, with some studies show-
ing no significant changes [89, 901. The present results support the
notion that prolonged blue light exposure can disrupt sleep quality,
likely due to its suppression of melatonin production. Melatonin,
a hormone that regulates the sleep-wake cycle, plays a crucial role
in initiating sleep and maintaining its quality. Blue light exposure,
particularly in the evening, interferes with the natural circadian
rhythm, delaying the onset of melatonin secretion and increasing
sleep latency. This disruption in sleep can lead to reduced total sleep
time and fragmented sleep, which in turn can contribute to increased
fatigue and impaired cognitive performance, as observed in the cur-
rent study.

The observed reduction in sleep quality following blue light expo-
sure could be attributed to several factors, including altered circadi-
an rhythms, decreased sleep efficiency, and increased wakefulness
during the night. This disruption in sleep quality is particularly crit-
ical for athletes, as adequate sleep is essential for optimal recovery,
performance, and overall health [91]. The cumulative impact of re-
duced sleep quality over consecutive nights of blue light exposure
might exacerbate fatigue and diminish athletic performance, high-
lighting the importance of moderating blue light exposure before
bedtime.

Regarding sleep duration, findings align with the evidence that
nocturnal smartphone use reduces total sleep time. Specifically, re-
cent studies reported a decrease in sleep duration due to blue light
exposure [26, 92-94], whereas Viola et al. [84] found an increase
in sleep duration. In contrast, other studies reported no significant
change in sleep duration [22, 33, 85, 87, 95].

Existing evidence [96] supports the observation that blue light
exposure decreases sleep duration. There are contrasting arguments
considering the relevance of sleep duration for athletes. Athletes can
often suffer from sleep deprivation due to training schedules [96],
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and blue light exposure may increase the required sleep duration.
Thus, sleep deprivation may potentially worsen if blue light exposure
is not moderated. However, a contrasting viewpoint may be proposed,
suggesting sleep duration may not be relevant when compared to
sleep quality and sleep duration may have less influence on perceived
fatigue [90]. This possibly suggests that sleep duration is less rele-
vant than sleep quality when assessing an athlete’s sleeping
habits.

Time-of-Day Effects

The shift in performance patterns observed in this study, with more
pronounced declines in the afternoon compared to the morning,
warrants further consideration. This time-of-day effect may partly be
attributed to the interplay between circadian rhythms and blue light
exposure [26]. Research has demonstrated that cognitive performance
and alertness are influenced by the time of day, with afternoon per-
formance often showing a normal decline due to circadian varia-
tions [69]. This decline suggests that blue light exposure may po-
tentially interact with the circadian rhythm, leading to compounded
effects on performance.

For instance, blue light exposure is known to affect circadian
rhythms by suppressing melatonin production, thereby influencing
sleep-wake cycles and alertness levels. If blue light exposure persists
over consecutive nights, as in the present study, it may disrupt the
individual’s circadian phase, leading to greater performance decre-
ments during times of natural circadian low points, such as the af-
ternoon. This interaction between blue light exposure and circadian
rhythms may partly explain the decline in afternoon performance as-
sessments, as the combined effect of circadian rhythm fluctuations
and blue light disruption could further impair cognitive and physical
capabilities. These interpretations align with research indicating that
blue light can adversely affect sleep quality and circadian
rhythms [26, 971, potentially leading to reduced performance, as
observed in this study.

Practical Applications

The findings of this study emphasise the negative impact of prolonged
nighttime blue light exposure on cognitive and physical performance,
as well as sleep quality in soccer players. To mitigate these effects,
athletes should minimize screen exposure before bedtime by reduc-
ing smartphone use or activating blue light filters. Maintaining good
sleep hygiene, including consistent sleep schedules and optimal sleep
environments, is crucial for recovery and performance. Given the
observed time-of-day effects, training and competition schedules
should consider individual circadian rhythms, as blue light exposure
may disrupt afternoon performance advantages. Long-term monitor-
ing of sleep and performance using wearable trackers can help iden-
tify individual responses to blue light exposure. Additionally, educat-
ing athletes on the risks of nighttime screen use and promoting
alternative relaxation techniques may improve sleep quality and
prevent performance decrements. Coaches and sports scientists

should integrate these strategies into training regimens to optimize
recovery, maintain cognitive sharpness, and sustain peak physical
performance throughout the season.

Limitations and future recommendations

The present study has several methodological limitations that warrant
consideration. The relatively small sample size (n = 16) limits sta-
tistical power and generalizability, particularly when considering the
inter-individual variability in sleep patterns and responses to blue
light exposure. The reliance on subjective sleep assessments (Epworth
sleepiness scale and sleep diary) provides valuable insights but lacks
the precision of objective measures like actigraphy or polysomnog-
raphy. The absence of physiological marker assessment, particularly
melatonin and cortisol levels, limits the ability to elucidate the un-
derlying mechanisms of the observed effects. While the present study
hypothesized that melatonin suppression plays a key role, without
direct measurement, these mechanisms remain speculative. Although
many variables were, factors such as screen brightness, viewing
distance, and content accessed on smartphones were not standard-
ized across participants, potentially introducing uncontrolled vari-
ability. Finally, the exclusively male sample restricts generalizability
of the findings to female athletes, a limitation primarily resulting from
recruitment challenges. Future research should address these limita-
tions through several approaches. Larger-scale studies with diverse
populations would enhance generalizability and enable investigation
of individual differences in susceptibility to evening blue light exposure.
The incorporation of objective sleep measures (polysomnography,
actigraphy) alongside physiological markers would provide more
comprehensive insights into both outcomes and mechanisms. Lon-
gitudinal designs extending beyond five days are essential to determine
whether the observed impairments persist, worsen, or plateau over
extended periods of exposure. Such research is crucial for developing
evidence-based guidelines to mitigate potential adverse effects in
athletic populations.

From a practical perspective, these findings suggest several im-
plications for athletic performance management. A recommendation
of the use of blue light filters or blue light-blocking glasses during
evening hours to minimize circadian disruption and support better
sleep hygiene would be prevalent. Additionally, coaches and sports
practitioners should consider aligning training schedules with ath-
letes’ natural sleep-wake cycles, avoiding late-night training sessions
or screen-based activities close to bedtime. These strategies may
help optimize recovery and performance, particularly during periods
of intense training or competition. Future research should evaluate
the effectiveness of these interventions specifically in athletic popu-
lations, providing empirically-supported protocols for practitioners.

CON CLU 'S 1O/ S 5000000
The present study revealed a significant negative effect of evening
smartphone use on sleep quality and athletic performance in elite
soccer players. The cumulative impact of consecutive nights of
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pre-bedtime smartphone use significantly affected both cognitive and
physical performance, with noticeable effects during afternoon ses-
sions. While completely avoiding smartphones in modern sports is
unrealistic, the present findings suggest the need for thoughtful man-
agement of device use, especially during critical training and com-
petition periods. The present study emphasizes the need for future
research to explore whether similar effects are observed across diverse
populations and contexts. In particular, caution is warranted in gen-
eralizing these findings beyond elite male soccer players, as the effects
may differ in athletes of other sports, female athletes, or younger and
older age groups. The pronounced time-of-day variations in perfor-
mance indicate that training schedules may benefit from adjustments
when athletes have experienced evening screen exposure, with

Nadia Dridi et al.

technical and high-intensity sessions potentially being more effective
during morning hours. Beyond basic performance metrics, the current
results highlight the importance of finding a practical solution between
modern athletic demands and optimal performance preparation,
suggesting that strategic timing of device use and training sessions
could help maintain peak athletic performance. The future of ath-
letic performance optimization lies in developing strategies that rec-
ognize both the necessity of digital connectivity in modern sports and
the fundamental importance of quality sleep and proper recovery.

Conflicts of interest
The authors declare no conflicts of interest.

RE F E R IEIN C IS /5500000000

1. Mah CD, Mah KE, Kezirian EJ, Removal of Electronic Devices for 48 Hours
Dement WC. The Effects of Sleep on Sleep in Elite Judo Athletes. J Strength
Extension on the Athletic Performance Cond Res. 2017; 31(10):2832-28309.
of Collegiate Basketball Players. Sleep. 10. Grundgeiger T, Bayen UJ, Horn SS. Effects
2011; 34(7):943-950. of sleep deprivation on prospective

2. Walsh NP, Halson SL, Sargent C, memory. Memory. 2014;

Roach GD, Nédélec M, Gupta L, Leeder J, 22(6):679-686.

Fullagar HH, Coutts AJ, Edwards BJ, 11. Romdhani M, Hammouda O, Chaabouni Y,
Pullinger SA, Robertson CM, Burniston JG, Mahdouani K, Driss T, Chamari K,

Lastella M, Le Meur Y, Hausswirth C, Souissi N. Sleep deprivation affects
Bender AM, Grandner MA, Samuels CH. post-lunch dip performances, biomarkers
Sleep and the athlete: Narrative review of muscle damage and antioxidant status.
and 2021 expert consensus Biol Sport. 2019; 36(1):55-65.
recommendations. 12. Dinges DF, Pack F, Williams K, Gillen KA,
Br J Sports Med. 2021; 55:356-368. Powell JW, Ott GE, Aptowicz C, Pack Al.

3. Skein M, Duffield R, Edge J, Short MJ, Cumulative sleepiness, mood disturbance,
Mundel T. Intermittent-sprint performance and psychomotor vigilance performance
and muscle glycogen after 30 h of sleep decrements during a week of sleep
deprivation. Med Sci Sports Exerc. 2011; restricted to 4-5 hours per night. Sleep.
43(7):1301-1311. 1997, 20(4):267-277.

4. Souissi N, Chtourou H, Aloui A, 13. Morgans R, Di Michele R, Ceylan IH,
Hammouda O, Dogui M, Chaouachi A, Ryan B, Haslam C, King M, Zmijewski P,
Chamari K. Effects of time-of-day and Oliveira R. Physical match performance of
partial sleep deprivation on short-term elite soccer players from the English
maximal performances of judo Championship League and the English
competitors. J Strength Cond Res. 2013; Premier League; The effects of opponent
27(9):2473-2480. ranking and positional differences. Biol

5. Oliver SJ, Costa RJ, Laing SJ, Bilzon JL, Sport. 2025; 42(1):29-38.

Walsh NP. One night of sleep deprivation 14. Vitale KC, Owens R, Hopkins SR,
decreases treadmill endurance Malhotra A. Sleep hygiene for optimizing
performance. Eur J Appl Physiol. 2009; recovery in athletes: review and
107(2):155-161. recommendations. Int J Sports Med.

6. Edwards BJ, Waterhouse J. Effects of One 2019; 40(08):535-543.

Night of Partial Sleep Deprivation upon 15. Lastella M, Roach GD, Halson SL,
Diurnal Rhythms of Accuracy and Sargent C. The chronotype of elite
Consistency in Throwing Darts. Chronobiol athletes. J Hum Kinet. 2016; 54:219.
Int. 2009; 26(4):756-768. 16. Miles KH, Clark B, Fowler PM, Miller J,

7. Reyner L, Horne JA. Sleep restriction and Pumpa KL. Sleep practices implemented
serving accuracy in performance tennis by team sport coaches and sports science
players, and effects of caffeine. Physiol support staff; A potential avenue to
Behav. 2013; 120:93-96. improve athlete sleep? J Sci Med Sport.

8. Davenne D. Sleep of athletes — problems 2019; 22(7):748-752.
and possible solutions. Biol Rhythm Res. 17. Fallon KE. Blood tests in tired elite athletes:
2009; 40(1):45-52. expectations of athletes, coaches and sport

9. Dunican IC, Martin DT, Halson SL, science/sports medicine staff. Br J Sports
Reale RJ, Dawson BT, Caldwell JA, Med. 2007; 41(1):41-44.

Jones MJ, Eastwood PR. The Effects of the 18. Samuels C. Sleep, recovery, and

240 .

19.

20.

21.

22.

23.

24,

25.

26.

performance: the new frontier in
high-performance athletics. Neurol Clin.
2008; 26(1):169-180.

Roberts SSH, Teo W-P, Warmington SA.
Effects of training and competition on the
sleep of elite athletes; a systematic review
and meta-analysis. Br J Sports Med.
2019; 53(8):513-522.

Juliff LE, Halson SL, Peiffer JJ.
Understanding sleep disturbance in
athletes prior to important competitions.
J Sci Med Sport. 2015; 18(1):13-18.
Van der Lely S, Frey S, Garbazza C,
Wirz-Justice A, Jenni OG, Steiner R,

Wolf S, Cajochen C, Bromundt V,
Schmidt C. Blue blocker glasses as

a countermeasure for alerting effects

of evening light-emitting diode screen
exposure in male teenagers. J Adolesc
Health. 2015; 56(1):113-119.

Chang Y-K, Chi L, Etnier JL, Wang C-C,
Chu C-H, Zhou C. Effect of acute aerobic
exercise on cognitive performance: Role of
cardiovascular fitness. Psychol Sport
Exerc. 2014; 15(5):464-470.

Anderson YC, Wynter LE, Treves KF,
Grant CC, Stewart JM, Cave TL, Wild CE,
Derraik JG, Cutfield WS, Hofman PL.
Prevalence of comorbidities in obese New
Zealand children and adolescents at
enrolment in a community-based obesity
programme. J Paediatr Child Health.
2016; 52(12):1099-1105.

Zeitzer JM, Dijk DJ, Kronauer RE,

Brown EN, Czeisler CA. Sensitivity of the
human circadian pacemaker to nocturnal
light: melatonin phase resetting and
suppression. J Physiol. 2000;
526(3):695-702.

Chang A-M, Aeschbach D, Duffy JF,
Czeisler CA. Evening use of light-emitting
eReaders negatively affects sleep,
circadian timing, and next-morning
alertness. Proc Natl Acad Sci USA. 2015;
112(4):1232-1237.

Souissi MA, Gouasmia C, Dergaa |,

Faleh J, Trabelsi O, Weiss K, Rosemann T,




Evening smartphone use impairs sleep & performance

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Dhahbi W, Souissi N, Knechtle B. Impact
of evening blue light exposure timing on
sleep, motor, and cognitive performance in
young athletes with intermediate
chronotype. Biol Sport. 2025:61-68.
West DJ, Cook CJ, Beaven MC, Kilduff LP.
The influence of the time of day on core
temperature and lower body power output
in elite rugby union sevens players.

J Strength Cond Res. 2014;
28(6):1524-1528.

Wood B, Rea MS, Plitnick B, Figueiro MG.
Light level and duration of exposure
determine the impact of self-luminous
tablets on melatonin suppression. Applied
ergonomics. 2013; 44(2):237-240.
Zhang J, Xiang S, Li X, Tang Y, Hu Q. The
impact of stress on sleep quality:

a mediation analysis based on longitudinal
data. Front Psychol. 2024; 15:1431234.
Pattnaik H, Mir M, Boike S, Kashyap R,
Khan SA, Surani S. Nutritional elements in
sleep. Cureus. 2022; 14(12).

Jones MJ, Dawson B, Gucciardi DF,
Eastwood PR, Miller J, Halson SL,
Dunican IC, Peeling P. Evening electronic
device use and sleep patterns in athletes.
J Sports Sci. 2019; 37(8):864-870.

Heo J-Y, Kim K, Fava M, Mischoulon D,
Papakostas Gl, Kim M-J, Kim DJ, Chang
K-AJ, Oh'Y, Yu B-H, Jeon HJ. Effects of
smartphone use with and without blue
light at night in healthy adults:

A randomized, double-blind, cross-over,
placebo-controlled comparison.

J Psychiatr Res. 2017; 87:61-70.
Réngtell FH, Ekstrand E, Rapp L,
Lagermalm A, Liethof L, Bucaro MO,
Lingfors D, Broman J-E, Schitth HB,
Benedict C. Two hours of evening reading
on a self-luminous tablet vs. reading

a physical book does not alter sleep after
daytime bright light exposure. Sleep.
medicine. 2016; 23:111-118.

Knufinke M, Nieuwenhuys A, Geurts SAE,
Coenen AML, Kompier MAJ. Self-reported
sleep quantity, quality and sleep hygiene
in elite athletes. J Sleep. Res. 2018;
27(1):78-85.

Jones MJ, Peeling P, Dawson B, Halson S,
Miller J, Dunican I, Clarke M, Goodman C,
Eastwood P. Evening electronic device use:
The effects on alertness, sleep and
next-day physical performance in athletes.
J Sports Sci. 2018; 36(2):162-170.
Jones MJ, Dunican IC, Murray K,

Peeling P, Dawson B, Halson S, Miller J,
Eastwood PR. The psychomotor vigilance
test: A comparison of different test
durations in elite athletes. J Sports Sci.
2018; 36(18):2033-2037.

Moattari M, Moattari F, Kaka G,
Kouchesfahani HM, Sadraie SH,

Naghdi M. Smartphone addiction, sleep
quality and mechanism. Int J Cogn Behauv.
2017; 1(002).

Wang P-Y, Chen K-L, Yang S-Y, Lin P-H.
Relationship of sleep quality, smartphone

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

dependence, and health-related behaviors
in female junior college students. PloS
one. 2019; 14(4):e0214769.
Hirshkowitz M, Whiton K, Albert SM,
Alessi C, Bruni O, DonCarlos L, Hazen N,
Herman J, Katz ES, Kheirandish-Gozal L.
National Sleep Foundation’s sleep time
duration recommendations: methodology
and results summary. Sleep Health.
2015; 1(1):40-43.

Hale L, Guan S. Screen time and sleep
among school-aged children and
adolescents: a systematic literature
review. Sleep Med Rev. 2015; 21:50-58.
Dergaa |, Fessi MS, Chaabane M,

Souissi N, Hammouda O. The effects of
lunar cycle on the diurnal variations of
short-term maximal performance, mood
state, and perceived exertion. Chronobiol
Int. 2019; 36(9):1249-1257.

Dergaa |, Varma A, Musa S, Chaabane M,
Salem AB, Fessi MS. Diurnal variation:
does it affect short-term maximal
performance and biological parameters in
police officers? Int J Sport Stud Health.
2020; 3(2):19-26.

Souissi A, Dergaa |, Chtourou H, Ben
Saad H. The effect of daytime ingestion of
melatonin on thyroid hormones responses
to acute submaximal exercise in healthy
active males: A pilot study. Am J Mens
Health. 2022;
16(1):15579883211070383.

Coutinho P Mesquita I, Fonseca AM.
Talent development in sport: A critical
review of pathways to expert performance.
Int J Sports Sci Coach. 2016;
11(2):279-293.

Bastuji H, Jouvet M. Intérét de I'agenda de
sommeil pour I'étude des troubles de la
vigilance. Electroencephalogr Clin
Neurophysiol. 1985; 60(4):299-305.
Horne JA, Ostberg O. A self-assessment
questionnaire to determine morningness-
eveningness in human circadian rhythms.
Int J Chronobiol. 1976; 4(2):97-110.
Dergaa |, Ghram A, Romdhani M,

Souissi A, Ammar A, Farahat RA,

Fessi MS, Irandoust K, Taheri M,
Masmoudi T. Does wet-cupping therapy
improve repeated sprint ability, perceived
wellness, and rating of perceived exertion
in young active males? Sports Med Health
Sci. 2024; 6(4):378-384.

Guelmami N, Ben Ezzeddine L, Hatem G,
Trabelsi O, Ben Saad H, Glenn JM, El
Omri A, Chalghaf N, Taheri M,

Bouassida A. The Ethical Compass:
establishing ethical guidelines for research
practices in sports medicine and exercise
science. Int J Sport Stud Health. 2024;
7(2):31-46.

Mathot S, Schreij D, Theeuwes J.
OpenSesame: an open-source, graphical
experiment builder for the social sciences.
Behav Res Methods. 2012;
44(2):314-324.

Oliveira CM, Hayiou-Thomas ME,

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Henderson LM. The reliability of the serial
reaction time task: meta-analysis of test—
retest correlations. R Soc Open Sci. 2023;
10(7):221542.

Niederer D, Bumann A, Muhlhauser Y,
Schmitt M, Wess K, Engeroff T, Wilke J,
Vogt L, Banzer W. Specific smartphone
usage and cognitive performance affect
gait characteristics during free-living and
treadmill walking. Gait Posture. 2018;
62:415-421.

Sanchez-Cubillo |, Peridnez JA,
Adrover-Roig D, Rodriguez-Séanchez JM,
Rios-Lago M, Tirapu J, Barcelé F.
Construct validity of the Trail Making Test:
role of task-switching, working memory,
inhibition/interference control, and
visuomotor abilities. J Int Neuropsychol
Soc. 2009; 15(3):438-450.

Legrand FD, Albinet C, Canivet A,

Gierski F, Morrone |, Besche-Richard C.
Brief aerobic exercise immediately
enhances visual attentional control and
perceptual speed. Testing the mediating
role of feelings of energy. Acta Psychol
(Amst). 2018; 191:25-31.

Canas* J, Antoli A, Fajardo |, Salmerdn L.
Cognitive inflexibility and the development
and use of strategies for solving complex
dynamic problems: effects of different
types of training. Theor Issues Ergon Sci.
2005; 6(1):95-108.

Widhianingtanti LT, Sulastri A. Indonesian
Trail Making Test: Analysis of
psychometric properties, effects of
demographic variables, and norms for
Javanese adults. J Psikol. 2022;
49(2):104-122.

Calamia M, Markon K, Tranel D. The
robust reliability of neuropsychological
measures: Meta-analyses of test-retest
correlations. Clin Neuropsychol. 2013;
27(7):1077-1105.

Klaming L, Spaltman M, Vermeent S, van
Elswijk G, Miller JB, Schmand B. Test—
retest reliability and reliable change index
of the Philips IntelliSpace Cognition digital
test battery. Clin Neuropsychol. 2024;
38(7):1707-1725.

Zazzo R. Le test des deux barrages. Bull
Psychol. 1952; 5(9):554-559.

Testu F, Bréchon G. Rythmes de vie et
rythmes scolaires: aspects
chronobiologiques et
chronopsychologiques. (No Title). 2008.
Hatta T, Yoshizaki K, Ito Y, Mase M,
Kabasawa H. Reliability and validity of the
digit cancellation test, a brief screen of
attention. Psychologia. 2012;
55(4):246-256.

Reeve TC, Tyler CJ. The validity of the
SmartJump contact mat. J Strength Cond
Res. 2013; 27(6):1597-1601.

Trajkovi¢ N, Spori§ G, Kristicevic T,

Madi¢ DM, Bogataj S. The importance of
reactive agility tests in differentiating
adolescent soccer players. Int J Environ
Res Public Health. 2020; 17(11):3839.

BioLoGy oF SpoRrT, VoL. 43, 2026 24:1



63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

242

Carney CE, Buysse DJ, Ancoli-Israel S,
Edinger JD, Krystal AD, Lichstein KL,
Morin CM. The consensus sleep diary:
standardizing prospective sleep
self-monitoring. Sleep. 2012;
35(2):287-302.

Spiegel R. Sleep disorders in the aged. Der
Internist. 1984; 25(9):552-555.

Johns MW. A new method for measuring
daytime sleepiness: the Epworth
sleepiness scale. Sleep. 1991;
14(6):540-545.

Motamedzadeh M, Golmohammadi R,
Kazemi R, Heidarimoghadam R. The
effect of blue-enriched white light on
cognitive performances and sleepiness of
night-shift workers: A field study. Physiol
Behav. 2017; 177:208-214.

An M, Huang J, Shimomura Y, Katsuura T.
Time-of-day-dependent effects of
monochromatic light exposure on human
cognitive function. J Physiol Anthropol.
2009; 28(5):217-223.

Gabel V, Maire M, Reichert CF,
Chellappa SL, Schmidt C, Hommes V,
Viola AU, Cajochen C. Effects of artificial
dawn and morning blue light on daytime
cognitive performance, well-being, cortisol
and melatonin levels. Chronobiol Int.
2013; 30(8):988-997.

Scheuermaier K, Miinch M, Ronda JM,
Duffy JF. Improved cognitive morning
performance in healthy older adults
following blue-enriched light exposure on
the previous evening. Behav Brain Res.
2018; 348:267-275.

Kretschmer V, Schmidt K, Griefahn B.
Bright light effects on working memory,
sustained attention and concentration of
elderly night shift workers. Light Res
Technol. 2012; 44(3):316-333.

Baek H, Min B-K. Blue light aids in coping
with the post-lunch dip: an EEG study.
Ergonomics. 2015; 58(5):803-810.
Cajochen C, Frey S, Anders D, Spati J,
Bues M, Pross A, Mager R, Wirz-Justice A,
Stefani O. Evening exposure to

a light-emitting diodes (LED)-backlit
computer screen affects circadian
physiology and cognitive performance.

J Appl Physiol (1985). 2011;
110(5):1432-1438.

Tulppo MP, Jurvelin H, Roivainen E,
Nissila J, Hautala AJ, Kiviniemi AM,
Kiviniemi VJ, Takala T. Effects of bright
light treatment on psychomotor speed in
athletes. Front Physiol. 2014; 5:184.
Alkozei A, Smith R, Pisner DA, Vanuk JR,
Berryhill SM, Fridman A, Shane BR,
Knight SA, Killgore WDS. Exposure to
Blue Light Increases Subsequent
Functional Activation of the Prefrontal
Cortex During Performance of a Working
Memory Task. Sleep. 2016;
39(9):1671-1680.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

Rygielski A, Melnyk B, Latour E, Latour M,
Judek R, Kowalczyk Z, Stanek A,
Ptudowska K. The Impact of Sleep on
Athletes Performance and Injury Risk:

A Narrative Review. Qual Sport. 2024;
19:54333.

Reilly T, Piercy M. The effect of partial
sleep deprivation on weight-lifting
performance. Ergonomics. 1994;
37(1):107-115.

Engle-Friedman M. The effects of sleep
loss on capacity and effort. Sleep Sci.
2014, 7(4):213-224.

Knaier R, Schafer J, Rossmeissl A,

Klenk C, Hanssen H, Héchsmann C,
Cajochen C, Schmidt-Trucksass A. Effects
of bright and blue light on acoustic
reaction time and maximum handgrip
strength in male athletes: a randomized
controlled trial. Eur J Appl Physiol. 2017;
117(8):1689-1696.

Silvani MI, Werder R, Perret C. The
influence of blue light on sleep,
performance and wellbeing in young
adults: A systematic review. Front Physiol.
2022; 13.

Cain N, Gradisar M. Electronic media use
and sleep in school-aged children and
adolescents: A review. Sleep Med. 2010;
11(8):735-742.

Smotek M, Farkova E, Mankova D,
Koptivovd J. Evening and night exposure to
screens of media devices and its
association with subjectively perceived
sleep: Should “light hygiene” be given
more attention? Sleep Health. 2020;
6(4):498-505.

Motamedzadeh M, Golmohammadi R,
Kazemi R, Heidarimoghadam R. The effect
of blue-enriched white light on cognitive
performances and sleepiness of night-shift
workers: A field study. Physiol Behav.
2017;177:208-214.

Kimberly B, James R P. Amber lenses to
block blue light and improve sleep:

a randomized trial. Chronobiol Int. 2009;
26(8):1602-1612.

Viola AU, James LM, Schlangen LJ, Dijk
D-J. Blue-enriched white light in the
workplace improves self-reported alertness,
performance and sleep quality. Scand

J Work Environ Health. 2008:297-306.
Sander B, Markvart J, Kessel L, Argyraki A,
Johnsen K. Can sleep quality and
wellbeing be improved by changing the
indoor lighting in the homes of healthy,
elderly citizens? Chronobiol Int. 2015;
32(8):1049-1060.

Bowler J, Bourke P. Facebook use and
sleep quality: Light interacts with socially
induced alertness. Br J Psychol. 2019;
110(3):519-529.

Driller M, Uiga L. The influence of
night-time electronic device use on
subsequent sleep and propensity to be

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

Nadia Dridi et al.

physically active the following day.
Chronobiol Int. 2019; 36(5):717-724.
Hamlin MJ, Deuchrass RW, Olsen PD,
Choukri MA, Marshall HC, Lizamore CA,
Leong C, Elliot CA. The effect of sleep
quality and quantity on athlete’s health
and perceived training quality. Front Sports
Act Living. 2021; 3:705650.

Backhaus J, Junghanns K, Broocks A,
Riemann D, Hohagen F. Test-retest
reliability and validity of the Pittsburgh
Sleep Quality Index in primary insomnia.

J Psychosom Res. 2002; 53(3):737-740.
Fortier-Brochu E, Beaulieu-Bonneau S,
Ivers H, Morin CM. Relations between
sleep, fatigue, and health-related quality of
life in individuals with insomnia.

J Psychosom Res. 2010; 69(5):475-483.
Samuels C, James L, Lawson D,
Meeuwisse W. The Athlete Sleep Screening
Questionnaire: a new tool for assessing
and managing sleep in elite athletes. Br

J Sports Med. 2016; 50(7):418-422.
Miinch M, Nowozin C, Regente J, Bes F,
De Zeeuw J, Hadel S, Wahnschaffe A,
Kunz D. Blue-Enriched Morning Light as

a Countermeasure to Light at the Wrong
Time: Effects on Cognition, Sleepiness,
Sleep, and Circadian Phase.
Neuropsychobiology. 2017;
74(4):207-218.

Yang M, Ma N, Zhu Y, Su Y-C, Chen Q,
Hsiao F-C, Ji Y, Yang C-M, Zhou G. The
Acute Effects of Intermittent Light
Exposure in the Evening on Alertness and
Subsequent Sleep Architecture. Int

J Environ Res Public Health. 2018;
15(3):524.

Chindamo S, Buja A, DeBattisti E,
Terraneo A, Marini E, Gomez Perez LJ,
Marconi L, Baldo V, Chiamenti G, Doria M,
Ceschin F, Malorgio E, Tommasi M,
Sperotto M, Buzzetti R, Gallimberti L.
Sleep and new media usage in toddlers.
Eur J Pediatr. 2019; 178(4):483-490.
Grgnli J, Byrkjedal IK, Bjorvatn B,
Ngdtvedt @, Hamre B, Pallesen S. Reading
from an iPad or from a book in bed: the
impact on human sleep. A randomized
controlled crossover trial. Sleep Med.
2016; 21:86-92.

Romyn G, Robey E, Dimmock JA,

Halson SL, Peeling P. Sleep, anxiety and
electronic device use by athletes in the
training and competition environments.
Eur J Sport Sci. 2016; 16(3):301-308.
Haghani M, Yazdani M. How simple
behavioural modifications can influence
evacuation efficiency of crowds: Part 1.
Decision making of individuals. Transp
Res C Emerg Technol. 2024;
166:104763.

Articles published in the Biology of Sport are licensed under an open access Creative Commons CC BY 4.0 license.




