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Abstract
Background: This study investigated the optimal nocturnal sleep duration required by collegiate athletes
to maintain physical and mental health, compared with non-athlete students.

Methods: In this cross-sectional study, a questionnaire survey was conducted to assess demographic
variables, lifestyle and sleep habits, and health-related quality of life in 298 collegiate students (non-
athletes, n = 158; athletes, n = 140). Physical component summary and mental component summary
were assessed by using a Short-Form 8 Health survey, and participants with good physical as well as
mental component summary scores were considered to have a good health-related quality of life. To
con�rm an association between nocturnal sleep length and good health-related quality of life, logistic
regression analyses were conducted in non-athlete students and collegiate athletes separately.
Subsequently, receiver operating characteristics curve analyses were performed for detection of the cut-
off points for nocturnal sleep duration su�cient to maintain good health-related quality of life in both
collegiate athletes and non-athlete students.

Results: The average nocturnal sleep duration was 7 hours 4 minutes among collegiate athletes, and
75.7% of them had a worse physical component summary. The cut-off point for nocturnal sleep duration
in collegiate athletes was 7.98 hours (area under the curve: 0.69, P = 0.013, sensitivity: 85.5%, speci�city:
56.2%), which was longer than the cut-off of 6.58 hours for non-athlete students.

Conclusion: Collegiate athletes required longer nocturnal sleep than non-athlete students. Nevertheless,
their habitual nocturnal sleep duration was shorter compared to their optimal duration; around 80% of
them faced chronic insu�cient sleep. Improving sleep habits and sleep education is important in
maintaining their good health-related quality of life.

Introduction
Almost all athletes aim to perform their best and ultimately win competitions. In order to reach these
goals, optimal recovery from physical exhaustion is required in addition to daily training or practice.
Su�cient sleep is widely known to be bene�cial for recovery [1,2].

Insu�cient sleep (even deprivation of one night’s sleep) often leads to decreased physical performance,
such as reduced aerobic [3] and anaerobic capacities [4] and impaired psychological or cognitive
performance in areas such as attention, concentration, and cognition [5,6]. Additionally, sleep loss causes
mood disturbance due to decreasing energy levels, fatigue, or confusion [7], consequently decreasing the
mental and physical quality of life [8].

A few previous studies have assessed the sleep habits of athletes. One study suggested that athletes got
5.5 hours of nocturnal sleep [9], while another study reported a duration of 6.6 hours, which was shorter
than the duration of 7.1 hours observed in non-athletes [10]. Furthermore, the habitual nocturnal sleep
duration in athletes is much less than that of the 8.2 hours required for young adults to maintain their
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cognitive functions [11]. Therefore, considering the number of daily exercises that athletes undertake, it is
assumed that they need longer sleep durations than non-athletes in order to recover from exhaustion.
However, most athletes do not get enough sleep to maintain their mental and physical health.

Particularly among collegiate athletes, it is speculated that there is a higher rate of insu�cient sleep
because, in addition to practice and training, they also need to spend additional time in classes, studying,
and doing part-time jobs. Indeed, a recent study indicated that collegiate student-athletes had an average
of 6.98 hours of nocturnal sleep on weekdays. Of them, 39.1% experienced inadequate sleep, which was
de�ned as regularly obtaining < 7 hours of sleep on weekdays, and 51.0% experienced daytime
sleepiness [12]. Additionally, the severity of insu�cient sleep may be higher in young adults because they
have greater sleep needs than middle-aged or older adults. Thus, when sleep-deprived athletes continue
to practice, train, and compete, they not only underperform but are also prone to injuries or the
development of mental disorders, which have harmful effects on their future careers. In addition, the
experience of sport-related disorders in collegiate athletes may not only prevent them from achieving their
desired career goals in sports but may also decrease their future health-related quality of life
(HRQOL) [13].

Therefore, considering these factors, it is important to understand the sleep habits of collegiate athletes
and determine the optimal nocturnal sleep duration required to maintain physical and mental health. To
the best of our knowledge, no previous study has examined this issue precisely. Therefore, we conducted
a survey of sleep and lifestyle habits in collegiate athletes and compared it with that in non-athlete
students to determine the optimal nocturnal sleep duration, which contributes to maintaining optimum
physical and mental health.

Methods
Participants and procedures

This cross-sectional questionnaire-based study was conducted from October 2015 to December 2015.
Students belonging to top competitive-level university sports teams were included as collegiate athletes,
while non-athlete students from a private university were included in the control group. The questionnaire
was distributed to various sports teams (rugby, football, softball, basketball, volleyball, table tennis, and
track and �eld) in order to obtain their permission for cooperation in advance. The Ethics Committee of
the Tokyo Medical University reviewed and approved this study (No. 3148). Informed consent was
obtained from all participants prior to their responding to the questionnaire. The questionnaire included
items regarding demographic information, daily and college life, sleep habits, sleep-related problems, and
HRQOL.

The questionnaires were distributed to 375 collegiate athletes, of whom 308 (82.3%) responded. Similarly,
among the 311 non-athlete students who received questionnaires, 289 (92.9%) responded (Fig 1). Of
those who responded, participants were excluded from further analysis if: 1) they did not fully complete
the questionnaire or provided invalid answers (non-athlete students, n = 42; collegiate athletes, n = 13), 2)
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they had neuropsychiatric or sleep disorders (non-athlete students, n = 6; collegiate athletes, none), 3)
they had been absent from team practice because of injury (non-athlete students, not applicable;
collegiate athletes, n = 14), 4) they were female (non-athlete students, n = 67; collegiate athletes, n = 63),
and 5) they had daytime naps (non-athlete students, n = 16; collegiate athletes, n = 78). Daytime naps
were de�ned as having more than an hour of daytime sleep, three or more times per week. Consequently,
the �nal sample comprised 158 non-athlete students and 140 collegiate athletes.

Fig 1. Subject �ow diagram.

Questionnaire items

The questionnaire included the following demographic information: age, sex, body mass index (BMI),
family living con�guration (Please indicate the living con�guration of your family. – living with your
family members, living in a dormitory, or living alone), commuting time (How long does it take to get from
your home to the university? — minutes), number of classes attended per week (How many classes do
you have per week? — numbers), meal intake (Do you have a breakfast/lunch/dinner every day? – Yes or
No), smoking habits (Do you currently smoke? – Yes or No), drinking habits (Do you currently drink
alcohol? – Yes or No), and part-time jobs (Do you have a part-time job(s)? – Yes or No).

Regarding participants’ sleep habits, habitual bedtime (What time do you usually go to bed on
weekdays/weekend? — hours: minutes), wake-up time (What time do you usually get up on
weekdays/weekend? — hours: minutes), and sleep onset latency (How long does it usually take you to fall
asleep? — minutes) were assessed. The presence or absence of daytime sleepiness was assessed using
the Epworth sleepiness scale (ESS), a widely used and validated tool for evaluating daytime
sleepiness [14]. An ESS score of 11 or more indicated daytime sleepiness.

HRQOL was assessed using the short-form health survey (SF-8). The SF-8 is a simpler version of the SF-
36, which is useful for evaluating the quality of life [15,16]. The SF-8 consists of the following domains:
general health, physical functioning, role limitations due to physical health problems, bodily pain, vitality
(energy/fatigue), social functioning, mental health, and role limitations due to emotional problems. Based
on the scores of these items, mental component summary (MCS) and physical component summary
(PCS) scores were calculated, and the general population standards for these scores were set at 50.
Worse PCS and MCS scores were de�ned as scores below the Japanese general population standard
scores (49.84 for PCS and 50.09 for MCS), according to the user’s manual [17]. Additionally, better
HRQOL was de�ned when the participants had better scores for both PCS and MCS than the general
Japanese population standard scores.

Statistical analysis

We �rst compared demographics using unpaired t-tests for continuous variables between non-athlete
students and collegiate athletes. Similarly, chi-squared tests were used to compare categorical variables
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between the two groups. Effect sizes were estimated with d for the unpaired t-tests and φ for the chi-
squared tests.

To con�rm the association between nocturnal sleep duration and better HRQOL, logistic regression
analyses were conducted separately for the two groups, using the following independent variables:
demographic variables (age, BMI, living alone or not, commuting time, number of classes per week,
having three meals a day or not, and smoking and drinking habits), sleep-related variables (nocturnal
sleep duration on weekdays, midpoint of sleep on weekdays), presence or absence of daytime sleepiness,
and total duration of sports practice (only for collegiate athletes). All variables were initially examined in
univariate models, and multivariate logistic regression analysis was subsequently carried out using the
variables that showed signi�cant associations in univariate models, in order to determine the main
correlates controlling for confounding factors. Wald statistics were used to test the signi�cance of the
odds ratios (OR) yielded by the regression analysis. Receiver operating characteristic (ROC) curve
analyses were performed to detect the cut-off point for nocturnal sleep duration that was su�cient to
maintain a good HRQOL. All statistical analyses were conducted using IBM SPSS Statistics version 24
(SPSS Inc., Chicago, IL, USA). Statistical signi�cance was set at p < 0.05.

Results
Table 1 shows the demographic and descriptive variables for all participants. Collegiate athletes had a
higher BMI (t = 9.77, df = 226.26, p < 0.001) and lower rates of living alone (χ2

(1) = 13.28, φ = 0.21, p <

0.001), having part-time jobs (χ2
(1) = 101.02, φ =0.58, p < 0.001), and currently drinking alcohol (χ2

(1)

=17.06, φ =0.24, p < 0.001) and smoking (χ2
(1) = 12.04, φ =0.20, p = 0.001). However, they had a higher

rate of having three meals a day (χ2
(1) = 20.14, φ =0.26, p < 0.001) compared with the non-athlete

students. With respect to sleep schedules on weekdays, collegiate athletes had earlier bed times (t = –
5.83, df = 292.20, p < 0.001), wake times (t = –2.72, df = 284.14, p = 0.007), and midpoints of sleep (t = –
5.24, df = 289.62, p < 0.001) compared with the non-athlete students. Similarly, for sleep schedules on
weekends, bed times (t = –4.66, df = 296, p < 0.001), wake times (t = –3.39, df = 296, p = 0.001), and
midpoints of sleep (t = –4.44, df = 294.04, p < 0.001) were earlier for collegiate athletes than those for
non-athlete students. Moreover, collegiate athletes had higher rates of worse PCS compared with the non-
athlete students (χ2

(1) = 17.20, φ = –2.40, p < 0.001).

Univariate logistic regression analyses showed that only nocturnal sleep duration on weekdays was
signi�cantly associated with HRQOL in non-athlete students (OR = 0.76, 95% con�dence interval [CI] =
0.59 0.98, p = 0.032), whereas in collegiate athletes, having three meals a day, nocturnal sleep duration
on weekdays, and midpoint of sleep were signi�cantly associated with HRQOL (OR = 0.293, 95% CI =
0.099 0.868, p = 0.027; OR = 0.549, 95% CI = 0.334 0.900, p = 0.017; OR = 0.528, 95% CI = 0.283 0.987, p
= 0.046, respectively). Using the above variables in multivariate logistic regression analysis, nocturnal
sleep duration on weekdays was signi�cantly associated with HRQOL (OR = 0.549, 95% CI = 0.334 0.900,
p = 0.017) (Table 2 and 3).
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From the ROC curve analysis, the cut-off point for nocturnal sleep duration required to maintain good
health in non-athlete students was 6.58 hours (area under the curve [AUC]: 0.62, p = 0.049, sensitivity:
65.8%, speci�city: 49.2%). However, in collegiate athletes, the cut-off was 7.98 hours (AUC: 0.69, P =
0.013, sensitivity: 85.5%, speci�city: 56.2%) (Fig 2).

Figure 2. Cut-off points for optimal nocturnal sleep duration to maintain health-related quality of life

The right shows the results for non-athlete students and the left shows the results for collegiate athletes

Discussion
The present study, which investigated sleep and lifestyle habits in collegiate athletes, is the �rst to report
the optimal nocturnal sleep duration required for maintaining both physical and mental health in these
individuals. Consequently, we demonstrated that bedtime, wake time, and the midpoint of sleep, both on
weekdays and weekends, were earlier in collegiate athletes than in non-athlete students. However, there
were no signi�cant differences in nocturnal sleep duration between the groups, either on weekdays or
weekends. These results indicate that collegiate athletes are more likely to have morningness sleep-wake
schedules, compared with non-athlete students. Generally, younger individuals, such as collegiate
students, have delayed sleep-wake schedules because of late bedtime resulting from their lifestyle (e.g.,
living alone, watching TV, or using the internet at midnight) [18]. However, in the present study, there were
only a few collegiate athletes who stayed up late at night because they prioritized training or practice in
their lifestyle. Indeed, there were fewer collegiate athletes who had part-time jobs compared with the non-
athlete students. Nevertheless, a higher proportion of collegiate athletes had worse PCS than non-athlete
students, despite having equivalent amounts of nocturnal sleep duration. These results re�ected that a
nocturnal sleep duration of even more than 7 hours was not su�cient for the optimal recovery of
collegiate athletes from fatigue or injury from exercise.

Early morning training may be one of the reasons for collegiate athletes not getting enough sleep. It has
been reported that the early-morning training sessions severely restrict the amount of sleep obtained by
elite athletes [19]. In addition, considering that the age of the collegiate students is most associated with
eveningness propensity [20], morningness sleep-wake schedule, which most of the collegiate athletes
showed in the present study, may not be in synchronization with their endogenous biological rhythms.
These observations suggest that collegiate athletes might not fall asleep even when they would go to bed
early, resulting in insu�cient sleep.

The �ndings of the present study emphasized that collegiate athletes needed 7.98 hours of nocturnal
sleep to maintain both physical and mental HRQOL, which was 1.4 hours longer than that required by
non-athlete students (6.58 hours). These results suggested that since collegiate athletes undergo more
vigorous exercise training per day than non-athlete students, longer sleep times are required for recovery
from physical exhaustion. However, the average sleep duration for collegiate athletes in the present study
was 1 hour less than the optimal sleep duration for them and 81.2% of the collegiate athletes could not
have nocturnal sleep duration at their optimal level. These results indicate that most collegiate athletes
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may be facing severe sleep loss. Although the subjects who had habitual daytime naps were excluded
from the analyses because we focused on nocturnal sleep, the �nding that a larger number of collegiate
athletes had a habitual daytime nap than the non-athlete students may support this perspective. For
collegiate athletes, the optimal nocturnal sleep duration has not been determined so far. To maintain
collegiate athletes’ mental/physical health and promote their future careers, knowledge about proper
sleep hygiene is needed. The present results can guide not only collegiate athletes’ lifestyles but also
trainers’ educational policies. 

The present study has several limitations. First, the study did not investigate athletes across a wide range
of sports. Reportedly, there are differences in sleep duration between individual and team sport
athletes [12,21]. In the present study, although both individual and team sport athletes were included,
more sports clubs should be recruited in future studies. Second, female athletes were excluded from the
analysis in the present study. In females, it is known that the menstrual cycle affects sleep and
mood [22–25]. Moreover, there are sex differences in the prevalence of insomnia [26], delayed sleep
phase syndrome [27], short sleep [28,29], and other sleep-related problems [30]. Considering there are also
sex differences in the rate of having a secondary disorder, such as depression, caused by sleep-related
problems [31], optimal sleep duration is assumed to differ between males and females. This is why
females were excluded from the current analysis. Future studies should determine the optimal sleep
duration for females as well. Finally, factors affecting optimal sleep duration in collegiate athletes were
not clari�ed. The increase in training intensity and mental pressure during the pre-game period reportedly
decreases athletes’ sleep duration [32]. Therefore, future studies should examine the relationship between
training intensity, timing and length of training or periodization, and optimal sleep duration.

Conclusions
The present study revealed the sleep habits in collegiate athletes and the optimal sleep duration required
for their physical and mental health. Although the nocturnal sleep duration was similar in collegiate
athletes and non-athlete students, it was not enough for collegiate athletes to recover from physical
exhaustion. Consequently, they had worse PCS scores. Collegiate athletes needed 7.98 hours of nocturnal
sleep, which was longer than that for non-athlete students (6.58 hours). Around 80% of collegiate athletes
in the present study had chronic insu�cient sleep. Improving sleep habits and promoting sleep education
are important for these individuals.
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Characteristics Non-athlete college
students

Collegiate
athletes

Effect
sizea

p
Value

  (n = 158) (n = 140)    
Age (years) 20.1 (1.6) 20.3 (5.1) 0.05 0.584

BMI (kg/ m2) 21.1 (2.3) 24.7 (3.8) 1.17 0.000
Living alone 65 (41.1) 30 (21.4) 0.21 0.000

Commuting time to college
(min)

53.0 (35.7) 49.3 (27.5) 0.12 0.316

Number of classes per week 10.4 (4.8) 10.7 (3.1) 0.07 0.557
Having three meals per day 85 (53.8) 110 (78.6) 0.26 0.000
Currently drinking alcohol 57 (36.1) 21 (15.0) 0.24 0.000

Currently smoking 13 (8.2) 0 (100.0) 0.20 0.001
Having part-time jobs 113 (71.5) 19 (13.6) 0.58 0.000
Bed time on weekdays 0h 54min (1h 4min) 0h 16min

(51min)
0.67 0.000

Wake time on weekdays 8h 03min (1h 31min) 7h 38min (1h
5min)

0.31 0.007

Sleep duration on weekdays 6h 46min (1h 38min) 7h 04min (1h
9min)

0.21 0.063

Midpoint of sleep on
weekdays

4h 40min (1h 3min) 4h 07min
(48min)

0.60 0.000

Bed time on weekends 1h 12min (1h 23min) 0h 24min (1h
36min)

0.54 0.000

Wake time on weekends 9h 48min (1h 52min) 9h 06min (1h
41min)

0.39 0.001

Sleep duration on weekends 8h 08min (2h 3min) 8h 23min (1h
42min)

0.13 0.249

Total duration of practice
per week

― 19.0 (5.9)

Worse PCS (score < 49.85) 83 (52.5) 106 (75.7) –0.24 0.000
Worse MCS (score < 50.09) 80 (50.6) 67 (47.9) 0.03 0.632
Worse health-related QOL 131 (82.9) 124 (88.6) –0.08 0.165
Daytime sleepiness (ESS

score ≧11 )
28 (17.7) 33 (23.6) –0.07 0.212

Continuous variables are expressed as mean (standard deviation) and compared using

unpaired t-test; categorical variables are expressed as the number of subjects (%) and

compared using the chi-squared test.

BMI, body mass index; PCS, physical component summary; MCS, mental component

summary; QOL, quality of life; ESS, Epworth sleepiness scale.
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aEffect size was expressed as d (t-test) and φ (chi-squared test).

Table 2. Factors associated with Health-related Quality of Life for non-athlete students.

 Univariate logistic regression analysis
 Odds ratio (95% CI)  P-value
Age 0.731 
BMI 0.794 
living alone 0.580 
Commuting time to college 0.091 
Having three meals a day 0.979 
The Number of class per a week 0.712 
Currently drinks alcohol 0.965 
Currently smokes 0.198 
Having part-time jobs 0.067 
Sleep duration on weekdays 0.761 (0.593 0.977) 0.032 
Midpoint of nocturnal sleep on weekdays 0.308 

BMI, body mass index; CI, confidence interval

 

Table 3. Factors associated with Health-related Quality of Life for athletes.
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Univariate logistic

regression analysis

 
Multivariate logistic

regression analysis

 Odds ratio (95% CI) P-value
 

Odds ratio (95% CI) P-value

Age 0.547
 

BMI 0.159
 

living alone 0.191
 

Commuting time to college 0.102
 

Having three meals a day 0.293 (0.099 0.868) 0.027
 

0.118

The Number of class per a

week

 
0.797

 

Currently drinks alcohol
 

0.074
 

Currently smokes
 

Having part-time jobs 0.520
 

Sleep duration on weekdays 0.549 (0.334 0.900) 0.017
 

0.549 (0.334 0.900) 0.017

Midpoint of nocturnal sleep on

weekdays

0.528 (0.283 0.987) 0.046
 

0.194

Total duration of practice per

a week 

0.696
 

BMI, body mass index; CI, confidence interval

Figures
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Figure 1

Subject �ow diagram



Page 16/16

Figure 2

Cut-off points of optimal nocturnal sleep length to maintain health-related quality of life. The right shows
the results for non-athlete students and the left shows the results for collegiate athletes.


