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ABSTRACT

International Journal of Exercise Science 15(6): 423-433, 2022. Early morning training sessions may
affect sleep quantity in athletes. The purpose of this study is to examine differences in total sleep time of collegiate
athletes on nights prior to early morning training sessions relative to non-training nights. Wristwatch monitors
equipped with photoplethysmography and accelerometer technology were worn by 18 NCAA Division III
collegiate athletes (Age: 20.1 £ 1.6 years, Height: 1.81 + 0.02 m, Body Mass: 91.2 + 6.5 kg, Body Fat %: 20.8 + 1.6%)
during a two-week period of training to monitor total sleep times. Athletes recorded time in and out of bed using
a sleep diary, anxiety levels due to having to wake up in the morning, and perceived recovery status (PRS) upon
waking the next day. The data were divided into: nights before non-training days (NT) and Training days (TD).
Data were analyzed using univariate analysis. All athletes obtained significantly less total sleep on nights before
TD relative to NT (NT: 8:15 + 1:03 vs. TD: 6:08 £ 0:59 hh:mm; p < 0.05). There was a positive relationship between
total sleep time and recovery status (p < 0.01). Anxiety scores were inversely related to total sleep time (p < 0.01).
Next-day recovery status was inversely related to anxiety scores (p < 0.001). College athletes obtained significantly
less total sleep time on nights before early morning training sessions (< 0700) during the off-season, regardless of
sex and sport. Coaches should consider later training sessions or promote optimal sleep quantity in order to
minimize the risks associated to early morning training sessions.
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INTRODUCTION

Throughout an athlete’s career, adequate sleep may be one of the most influential components
of an athlete’s overall health and performance as it underpins an essential physiological
requirement for adequate recovery. Sleep is often characterized by means of evaluating sleep
quantity or total sleep time, and sleep efficiency (quality), which takes into consideration sleep
architecture or the amount of time spent in each sleep stage, in addition to sleep latency, time
spent awake, and restlessness (31). Total sleep time and quality of sleep have been strongly
associated with physical and cognitive performance, injury risk, and illness (31, 32). Conversely,
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sleep deprivation has been shown to negatively affect not only performance, but also accuracy,
endurance, vigor, submaximal strength and reaction times (14, 29). While there continues to be
debate regarding the specific amount of total sleep required for most athletes, it is generally
agreed upon that > 8.5 hours per night is optimal (6, 31). However, there has been evidence
suggesting that as low as 7-8 hours of sleep per night is still adequate for athletes, with
neurobehavioral and performance deficits potentially starting to become evident over time
when total sleep times are consistently below this threshold (25, 31). Additionally, the amount
of sleep the night prior to competition has been identified as a strong predictor of injury risk in
athletes; even more so than the hours of practice an athlete has participated in (18, 30, 31).
Similarly, a lack of sleep may also compromise the body’s innate immune system in its ability
to naturally regulate the inflammatory cascade brought on by periods of intensive training,
resulting in suppressed immune function (3). As such, inadequate sleep may contribute to low-
grade systemic inflammation (11), subsequently hindering an athlete’s ability to fight against
both infection and exercise-induced inflammation throughout periods of intensive training.

Although the importance of sleep for athletic performance and health is well-known, current
evidence indicates that most athletes often fail to meet the current sleep recommendations (9).
In a recent review, it was reported that 50-78% of elite athletes experienced sleep disturbances
and 22-26% had highly disturbed sleep schedules (31). Similarly, a recent study found that
athletes slept less than the recommended 8-hours, 88% of the time (23). While there are several
barriers to optimal sleep practices for athletes, such as living situations, travel, practice
schedules and poor sleep hygiene, an athlete’s sleep schedule is often not prioritized when
training and practice schedules are developed, which may lead to the scheduling of early
morning training sessions. Unfortunately, previous research has indicated this may, in turn,
negatively affect the quantity and quality of sleep that collegiate student-athletes are able to
obtain on nights prior to early morning workouts, thereby leading to daytime sleepiness and
fatigue (22, 23).

Subjective measurements of recovery status have become a popular strategy among applied
sport science settings as a way to gauge an athlete’s current state of recovery and level of
preparedness for upcoming training. The perceived recovery status (PRS) is a validated,
noninvasive psychobiological tool to assess recovery status and has been shown to correspond
to changes in performance, independent of other psychological and physiological factors (15). It
is currently unknown how reductions in total sleep time may influence indices of next-day
perceived recovery status and readiness to train, beyond the ratings of increased fatigue that
have been previously noted. Additionally, there are several factors beyond the limitations of
schedules and traveling that may also influence sleep and recovery status in athletes. Previous
work has indicated that state and situational anxiety may negatively influence sleep in athletes
(21), particularly prior to notable competitions and travel (8). Further, prior to an early morning
training session, the pressure to fall asleep, but not oversleep, may create situational anxiety,
potentially disrupting sleep. In occupational settings, when workers are on call, they often
report higher ratings of state anxiety for fear of oversleeping or not waking up to an alarm (27).
These increased ratings of anxiety often worsen sleep quality, which has been associated with
reductions in cognitive performance and work performance (27). It is unknown whether this
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same phenomenon may occur with athletes when faced with an early morning training session,
and whether or not the fear of oversleeping or missing an alarm may heighten ratings of anxiety
the night before. Heightened states of anxiety may therefore influence sleep quantity and quality
and subsequently ratings of perceived recovery the following day, if sleep was found to be
disrupted (21).

The recent rise in popularity of wearable activity monitors has created novel opportunities to
evaluate the sleep habits of athletes (24, 26). As previous work has indicated collegiate student-
athletes often fail to meet the recommendations for sleep, it is important to continue examining
barriers that are making it challenging for athletes to get sufficient sleep, and specifically how
early morning training sessions may negatively influence the total sleep time of collegiate
athletes across different teams. Furthermore, little information is available regarding any sex
differences in total sleep time in collegiate athletes. Lastly, concerns of oversleeping may
promote feelings of anxiety the night before, subsequently influencing total sleep time and
perceived recovery status the following day. Therefore, the purpose of the current study was to
examine the effects of early morning training sessions on total sleep time in men and women
collegiate athletes, both as a group and assessed independently. A secondary aim of the current
study was to examine differences in subjective levels of anxiety and next-day perceived recovery
status. We hypothesize that there will be less total sleep time recorded on nights preceding early
morning training sessions.

METHODS

Participants

Eighteen NCAA Division IIl men (n = 9) and women (n = 9) athletes participated in the current
observational study. The men athletes were members of the football team, participating in their
spring practice portion of the off-season. The women athletes were members of the volleyball
team, participating in a structured off-season training program. Inclusion criteria for this study
included participation in an off-season strength and conditioning program, free of any injuries,
and free of any diagnosed sleep disorders or neurological conditions. The off-season period was
chosen because the athletes were participating in a structured training program, which included
regularly scheduled early morning training sessions without any team travel for out of town
competitions. This study was conducted according to the Declaration of Helsinki guidelines and
all procedures were approved by the University’s Institutional Review Board for use of human
participants in research. Written consent was obtained from all subjects prior to data collection.

Protocol

Wrist worn activity monitors equipped with photoplethysmography and triaxial accelerometers
technology were distributed to 18 Division III college athletes over a 14-day period. Total, sleep
time and interruptions were recorded using the activity monitors, while electronic
questionnaires were distributed daily to assess self-reported ratings of anxiety and perceived
recovery status (PRS) upon waking. All data were coded and allocated into one of two
categories: nights before non-training days (NT) and Training days (TD). Total sleep time was
the primary dependent variable with self-reported ratings of anxiety and perceived recovery
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status serving as secondary outcomes. Training day type (NT or TD) was the independent
variable.

Activity Monitors: All athletes were equipped with a Polar Ignite™ wrist-worn activity monitor
(Polar Electro Oy, Kempele, Finland) throughout the duration of the study period. All athletes
were allowed the select the preferred wrist to wear the activity monitor on; each selection was
then noted in the software program per the manufacturer recommendations. The activity
monitors automatically assess total sleep time based on proprietary algorithms and movement
patterns. Previous research has indicated that a similar wearable activity monitor, also using
accelerometry and body movements to automatically detect sleep, provided an acceptable
measure of total sleep time estimation in athletes when compared to criterion measures of
polysomnographic recordings of sleep (7, 26).

Questionnaires: Athletes were also instructed to complete an internally developed electronic
questionnaire each night, designed to assess the construct of state anxiety prior to bedtime. The
electronic questionnaire consisted of a 10-point Likert scale with verbal anchor descriptions
ranging from 1 = no anxiety; 3 = mild anxiety; 5 = medium anxiety; 7 = moderate anxiety; and
10 = extreme anxiety. Athletes also completed an electronic questionnaire each morning to
assess their perceived recovery status (PRS) upon waking using a previously validated survey
which consisted of short phrases anchored to each value using a ranking system (0-10) (Figure
1.) (15). The PRS scale has previously been shown to be associated with changes in performance
when used following warm up (r = -0.63) and be able to predict performance outcomes within
a reasonable degree of accuracy (15). The players were instructed to rate how they physically
felt in terms of recovery from the preceding day’s training and their perceived readiness for the
upcoming training session. Both questionnaires were sent to them daily (in the evening and next
morning), using an electronic survey distribution program (Qualtrics, Utah, USA).

Statistical Analysis

Nightly monitoring periods were allocated to categorical data sets and univariate analysis was
used to analyze differences in total sleep time, anxiety and perceived recovery status between
the NT and TD conditions. Data are reported as mean + SD and significance was determined at
p < 0.05. Cohen’s d was calculated and used to examine the effect sizes for differences in sleep,
recovery and anxiety values between each day type. The effect sizes were interpreted using the
following criteria: 0.2 = trivial, 0.2 - 0.6 = small, 0.7 - 1.2 = moderate, 1.3 - 2.0 = large, and > 2.0
= very large. Pearson correlation coefficients were calculated to examine relationships between
total sleep time, anxiety scores, and next-day perceived recovery status. All data were analyzed
using the Statistical Package for the Social Sciences (SPSS, Version 25.0; SPSS Inc., Chicago, IL).

RESULTS

Total Sleep Time: A summary of subject demographics are presented in Table 1. Overall, athletes
recorded more total sleep time 8:09 + 1:12 hh:mm on non-training nights compare to the 5:58 +
0:59 hh:mm of sleep on nights preceding early morning training sessions (p < 0.05; ES = 2.80).
When separated by sex, both men and women athletes obtained significantly less (p < 0.05) total
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sleep time on nights preceding early morning training sessions relative to non-training days
(Table 2). No significant differences in total sleep time between men and women independent
of day type were observed (p > 0.05). A summary of total sleep time and interruptions for all
athletes and men and women athletes by day type is presented in Table 2.

Recovery Status and Ratings of State Anxiety: Overall, athletes reported significantly (p < 0.05)
lower perceived recovery statuses on mornings of early-morning training sessions compared to
non-training days (Table 2). When separated by sex, men reported significantly (p < 0.05) lower
perceived recovery statuses on mornings of early-morning training sessions compared to non-
training days (Table 2). Men also reported significantly higher (p < 0.05) ratings of anxiety on
nights preceding early morning training sessions (Table 2). No significant differences (p > 0.05)
in perceived recovery status or ratings of anxiety were observed for women.

Table 1. Summary of subject demographics. Data presented as Mean + SD.

Variable Men Women

Age (yrs.) 20.75£1.9 19.29 £0.75

Height (m) 1.86 +0.05 1.71 +0.07%

Body weight (kg) 111.5+11.8 66.2 +6.1%

Body Fat % 204+94 21.21+£3.0
*Signifies p < 0.05

Table 2. Summary of sleep data, recovery scores and ratings of anxiety for training and non-training days. Data
presented as Mean + SD.

Sex Day type Total (hh:min) In’?‘:ﬁ}ﬁg)ms Rgig:ifsry Anxiety Scores
All Non-training 8:09 +1:12 0:36 + 0:15 5.72+2.05 3.20+£1.81
Training 5:58 + 0:59* 0:22 + 0:09* 479 £1.75* 3.79+1.74
Effect Size 2.80 1.13 0.49 -0.33
Men Non-training 8:22+1:06 0:43 +0:13 593+219 238 £1.57
Training 6:00 + 1:06* 0:26 + 0:10* 4.88 £1.36* 3.44+1.89*
Effect Size 2.09 217 0.57 -0.61
Women Non-training 7:52 +1:16 0:28 +0:13 548 +1.89 416 £1.60
Training 5:57 £ 0:52* 0:19 + 0:08* 4.67 £2.22 428 +1.41
Effect Size 217 0.83 0.39 -0.61

*Signifies p < 0.05; Effect size = Cohen’s d effect size.

There was a positive relationship between total sleep time and next-day recovery status (r =
0.274; p < 0.01) as seen in Table 3. Self-reported ratings of anxiety were inversely related to total
sleep time (r = -0.283; p < 0.01). Next-day recovery status was inversely related to anxiety scores
(r=-0.441; p < 0.001).

International Journal of Exercise Science http:/ /www.intjexersci.com

427

—
| —



Int | Exerc Sci 15(6): 423-433, 2022

Table 3. Relationships between total sleep time, and ratings of recovery and anxiety.

Total Sleep Anxiety Score Recovery Status
Correlation o o
Total Sleep coefficient 1 -0.283 0.27
Significance level 0.003 0.003
' Corre'la.’aon 1 04417
Anxiety Score coefficient
Significance level <0.001
Correlation 1
Recovery Score coefficient

Significance level
*Signifies p < 0.05; **Signifies p < 0.01

DISCUSSION

The widespread availability of wearable technology has allowed for novel insight into the daily
activities and sleep habits of athletes. The primary aim of the current study was to examine
differences in total sleep time when athletes were scheduled for early morning training sessions
compared to nights without an early morning session the next day. The main findings from the
current study indicate that when analyzed as a group, men and women athletes recorded less
total sleep time on nights before early morning training sessions (< 0700) compared to non-
training days, which supports our hypothesis. Further, as noted by the very large effect size
(Table 2), this was a practically meaningful difference in the total amount of sleep time recorded
by all athletes between the two day types. When analyzed independently, both men and women
athletes experienced practically meaningful reductions in total sleep time on nights preceding
early morning training sessions (ES = 2.09 and 2.17, respectively). On non-training nights,
athletes recorded approximately 8:10 hh:mm of sleep, which is in alignment with established
sleep recommendations for athletes (2). However, athletes only recorded ~6 hrs. of sleep on
nights preceding early morning training sessions, which is far below that which is
recommended for athletes. It is appears as though the athletes in the current study likely failed
to modify bed times to account for the early morning training sessions, thereby reducing their
window for total sleep time accrual. The findings from the current study are novel in that this is
the first study examining collegiate men and women athletes competing at the NCAA Division
III level, yet they are also in agreement with previous work, which has similarly demonstrated
that athletes often record less sleep on nights prior to early morning training sessions (4, 22, 23).
In a similar study, Sargent et al. (23) reported that athletes recorded an average of 6:30 hh:mm
of sleep per night prior to training days, which was 18 minutes shorter compared to nights prior
to non-training days. Further, of the 926 sleep periods that were recorded in the study by Sargent
etal. (23), 88% were below the recommended 8 hours of sleep and 60% were below the minimum
recommendation of 7 hours. Interestingly, the magnitude of difference in total sleep time
between day types in the current study is substantially larger than that reported by Sargent et
al. (23). It's worth noting the athletes in the study by Sargent et al. (23) were competing at the
elite level on a national team or nationally ranked compared to the collegiate student-athletes
from the current study, which may influence the consistency of schedules and daily routines.
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A secondary aim of the current study was to examine differences in ratings of pre-sleep anxiety
and next-day ratings of perceived recovery status on days of early morning training sessions
versus non-training days. Athletes in the current study self-reported higher ratings of anxiety
on nights preceding early morning training sessions compared to non-training days. In turn, the
higher ratings of anxiety may have also negatively influenced total sleep time and the
subsequent measures of perceived recovery status the next-day. Interestingly, this effect was
only observed in the men, however the effect sizes were identical with both sexes, indicating the
practical relevance of how total sleep time influences recovery status may be comparable across
both sexes. It is difficult to discern primary causality between whether or not the reductions in
total sleep time were a byproduct of the restricted sleep window due to the early morning
training session, or a result of the elevated state anxiety the night before. There was a very strong
effect size observed for differences in the number of interruptions experienced by the athletes
between day types, which may also be a reflection of the higher levels of anxiety reported prior
to early morning training days as increased anxiety levels may have led to more restless sleep.
As perceived recovery status was lower on days of early morning training sessions, and lower
ratings of recovery status were associated with reduced total sleep time (Table 3), a lack of sleep
may have compromised the athletes” ability to adequately recover and feel prepared to train the
next day. It is also possible that the higher ratings of anxiety the night before early morning
training sessions also had a negative effect on recovery status as indicated by the negative
relationship between recovery status and ratings of anxiety (Table 3). Similar findings have been
noted prior to competitions, in that reductions in total sleep time were associated with increased
ratings of fatigue and lower ratings of vigor the next day (14). Together, with the results of the
current study and previous findings, it appears as though reductions in total sleep time
negatively affect various indices of recovery prior to both training sessions and competitions.
There may be acute and chronic implications that could arise following reductions in total sleep
time with frequent early morning training sessions. While the athletes in the current study, only
reported perceived recovery status, previous research has also observed marked reductions in
physical performance, cognitive ability and reaction time following disrupted sleep (28). In
extreme cases, when sleep is restricted the night prior to a training session, athletes tend to
report poorer mood, higher levels of fatigue and greater perceptions of effort during training
compared to nights when athletes logged the recommended 8 hours of sleep (1, 20, 28, 31). Over
time, poor sleep may lead to persistent fatigue, which is a common symptom of inadequate
recovery and frequently reported by athletes who are overtraining (5). Furthermore, athletes
who sleep less than 8 hours per night, have been found to be 1.7 times more likely to suffer an
injury compared to athletes who sleep more than 8 hours (18). However, improvements in total
sleep time through targeted sleep improvement interventions have been directly linked with
various aspects of performance improvements among athletes (12, 13, 19). Thereby indicating
that continued focus on improving sleep can likely reverse any negative trends in recovery and
performance brought on by disrupted sleep patterns.

It is important to identify strategies to overcome barriers and to improve the night time sleep
habits of athletes. Previous research has indicated the average bedtime for a college student is
0020 (17), which highlights an obvious challenge for athletes who have early morning (< 0700)
training sessions or classes. In order for a student athlete to obtain the necessary amount of sleep
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before a 0700 training session, an athlete would need to be asleep by ~2200. This may be
problematic for some student-athletes, as academic work, social events and extracurricular
activities may be prioritized over sleep as these activities are frequently listed as patterns and
predictors of sleep disturbances among collegiate students (31). Consequently, these predictors
likely underpin the high prevalence of inadequate sleep quantity frequently identified among
student-athletes. Moreover, as most early morning training sessions and classes are often
mandatory, student-athletes may opt to sacrifice sleep in order to engage in social activities,
whether they fully comprehend the physiological consequences or not. Additionally, college
athletes are subjected to a plethora of stressors, derived from academic, financial, social and
athletics-related stressors for those competing in sports (16). Previous research has indicated
that 95 and 85% of male and female collegiate athletes, respectively, self-reported higher levels
of stress when compared to non-athlete student controls, of whom only 52% self-reported being
stressed (16). This added stress may also contribute to a lack of sleep and may be a byproduct
of the intense physical training, hectic schedules and potentially also fueled by a lack of sleep
itself. Subsequently, higher stress levels may signify a bi-directional relationship with disrupted
sleep patterns, potentially representing a contributing factor for poor sleep quality and an
outcome of reduced total sleep time (10).

This study is not without limitations. The activity monitors used to obtain sleep data have not
been found to be valid measures of sleep architecture, which requires the use of
polysomnography. As such, only inferences regarding total sleep time were possible, rather than
details on how early training sessions affected specific sleep cycles and overall sleep quality.
Additionally, wearable activity monitors may overestimate total sleep time (26) as an individual
may be still, but not sleeping, which could be inadvertently recorded as sleep. However, in the
current study, this would further exacerbate the issue of the low total sleep times recorded by
the athletes. The small sample size is another limitation of the current study. As a result, an
expanded sample size could provide more insight into the population as a whole, while
allowing for a better examination across different sport types and sex. Another limitation was
the short duration of monitoring period during which sleep was monitored. It is important to
note that the current findings may not extend to all phases of an annual training cycle as travel,
competitions, and academic work are likely to influence ratings of anxiety, recovery status and
sleep habits. Similarly, these findings may not be generalizable to all levels of collegiate
competition as some programs may have more training facilities to better accommodate
multiple teas and therefore schedules may not be as constricted. Additionally, these
relationships may also change throughout a student-athletes athletic career as daily routines,
stress levels, and living situations are likely to fluctuate which may subsequently influence these
outcomes. Future research should address additional strategies to mitigate the deleterious
effects of reductions in total sleep time among athletic populations and practical ways to
promote optimal sleep habits. Additionally, future research should further examine the
accuracy of wearable technologies for the assessment of sleep quantity and quality while also
examining the subsequent effects on indices of recovery or player readiness, such as heart rate
variability in addition to subjective and performance-based indicators of recovery status.
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Conclusion: Results of the current study indicate that early morning training sessions appear to
compromise total sleep time in collegiate athletes. This reduction in total sleep time was
similarly observed in both men and women athletes. The sleep deprivation resulting from the
early morning training sessions may negatively impact an athlete’s physical and cognitive
performance, potentially predisposing them to greater injury risks and negatively affect their
general health. In order to minimize the detrimental effects of the diminished sleep duration,
coaches should consider later workout sessions if possible or encourage athletes to practice
optimal sleep hygiene in an attempt to combat the lack of sleep on nights preceding early
training sessions. Further, higher self-reported ratings of anxiety were associated with shorter
sleep duration and lower next-day recovery status. Relaxation techniques designed to reduce
anxiety levels may be warranted to help promote sleep onset. Coaches, strength staff, and
athletic directors should seek strategies for developing training schedules with a goal of
minimizing the number of early morning training sessions for athletes, thus extending an
athlete’s potential for greater sleep duration.
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