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Abstract: Regarding the association between sleep and napping duration and mental health in
young and older adults, some studies indicated a positive association, while others indicated a
negative, or no, association between them. Moreover, collegiate student athletes have different
mental health stressors, such as training pressure, improving sports performance, and relationships
with coaches. Therefore, sleep is important for athletes. Whether sleep duration is related to their
mental health is unclear. Thus, this study aimed to examine the association between nighttime
sleep duration, daytime napping duration, and mental health among collegiate student athletees.
This cross-sectional study included 700 college athletes. Sleep and daytime napping durations were
assessed using a self-reported questionnaire. The Zung Self-rating Depression Scale and Generalized
Anxiety Disorder-7 assessed mental health. A multivariate logistic regression analysis was conducted
to examine the adjusted association between sleep duration and mental health. In this study, the
odds ratios for depression and anxiety symptoms were significantly higher for short sleep duration
(<7 h). Additionally, a significant positive association was found between daytime napping duration
and the prevalence of depression. This study indicates that short nighttime sleep and long daytime
napping duration may be risk factors for collegiate student athletes” mental health, having important
implications for educators and coaches.
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1. Introduction

The burden of mental disorders continues to increase, with significant health and
economic consequences worldwide [1]. In China, the prevalence of mental disorder was
9.3% in a 2015 survey [2]. This was a dramatic increase from 1982 (1.3%) [3] to 1993 (1.4%) [4]
in China. Mental disorders are related to negative health outcomes, such as cardiovascular
disease [5], diabetes [6], disability [7], and suicide [8]. Moreover, mental illnesses are more
common among university students than other population groups [9]. Previous studies
have revealed that the frequency of anxiety disorders in athletes is comparable to the
general population [10]. Additionally, the higher prevalence of mental health symptoms
and disorders in athletes versus the general population may be related to sport-specific
stressors [11]. Symptoms range in severity and may include feeling down, decreased
motivation, fatigue, difficulty concentrating, or suicidal ideation [12]. These outcomes
not only influence student athletes” health, but also their academic or sports performance.
Therefore, improving mental health and preventing mental disorders in collegiate student
athletes is crucial. Factors such as physical activity and nutrition intake are considered
preventive and alleviating factors for mental disorders. However, athletes already have
a higher physical activity and relative high nutrition intake than other population. Thus,
it may not be appropriate to improve their mental health by these means. Meanwhile,
sleep is an indispensable part of people’s daily life. Athletes also need to obtain enough
physical recovery through sleep. Additionally, improved sleep quality and restful sleep are
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associated with the absence of depressive symptoms [13,14]. Therefore, sleep may be an
optimal way to improve athletes” mental health.

Sleep is a homeostatic process that involves an active and periodic biological state
crucial for good physical and mental health [15]. Sleep durations that are too short or
too long have been associated with many negative health outcomes. Having 7-8 h of
nighttime sleep is recommended as the best range for health, which is related to a reduced
risk of coronary heart disease [16] and hypertension [17]. Moreover, the risk of death
was lowest in those with an average of 7-8 h of nighttime sleep [18]. Some studies have
suggested that daytime napping is associated with an increased risk of diseases such as
hypertension [19] and Type 2 diabetes [20]. These diseases are risk factors for mental
disorders. It is well known that sufficient sleep can physically relax people and improve
mood. Insufficient sleep can provoke an inflammation increasing response via increased
cytokine secretion [21], and studies show that inflammatory markers are associated with
depression [22,23]. In addition, neurotransmitter serotonin plays a crucial role for effect
of sleep and mental health [24,25]. Therefore, it could be considered that nighttime sleep
duration and daytime napping duration may affect mental health.

On the basis of extant literature, some studies, such as an American study and two Chi-
nese studies, investigated this association and showed that short sleep duration at night is
associated with a higher risk of mental disorders [26-28]. However, other studies indicated
that there is a U-curve association between sleep duration and mental health, showing
that 6-9 h’ sleep duration is associated with lowered risk of mental disorders [29,30]. In
addition, the findings of previous studies examining the association between daytime
napping duration and mental health are also not consistent. Some studies indicate that
shorter napping duration is better for mental health [31,32], while others indicate that
longer napping duration is better [28,33]. Sleep patterns and mental health status in colle-
giate student athletes differ from those of other populations. Additionally, most students
in Chinese universities live in dormitories, which is a collective lifestyle specific to Chinese
university students. Therefore, it is worth examining the association of sleep and daytime
napping durations with mental health specifically in Chinese collegiate student athletes.

For this purpose, we designed a cross-sectional study to investigate the association
between nighttime sleep duration, daytime nap duration, and mental health in Chinese
collegiate student athletes. Considering that short sleep duration deprives student athletes
of sufficient rest, prolonged nighttime sleep or napping duration may lead student athletes
to skip meals, or lower their training or study time, which may correlate with higher risk of
depression. Therefore, we hypothesized that 7-8 h of nighttime sleep and a short daytime
nap duration would be associated with better mental health.

2. Materials and Methods
2.1. Participants

The collegiate student athletes in this study were recruited from the school of physical
education of five universities in the northern cities of China in 2019. We invited 800 student
athletes to participate in this study. Participants completed the questionnaire in their
classrooms before class under the guidance of the instructors. Of the invited participants,
761 agreed to participate and provided informed consent for their data to be analyzed. This
study was approved by the Human Research Ethics Committee of Haerbin Sport University.
Athletes were excluded if they did not attend the practice session when the questionnaire
was administered (1 = 22), or if some of the responses to the questions were missing (1 = 39).
Following these exclusions, the final study population comprised 700 athletes (380 males
and 320 females).

2.2. Assessment of Sleep Status

Sleep status was assessed using a questionnaire that included questions related to
sleep. Information on sleep duration was cited from Pittsburgh Sleep Quality Index
(PQSD): (1) “During the past month, what time did you usually go to bed at night?”;
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(2) “During the past month, how long (in minutes) did it usually take you to fall asleep
each night?”; (3) “During the past month, at what time did you usually get up in the
morning?” [34]. Sleep duration was divided into three categories: <7 h, 7-8 h, and >8 h,
and the final sleep duration was calculated using three questions. First, information on
daytime nap duration was obtained by asking “During the past month, did you have
a daytime nap habit?”. The possible answers were “yes” or “no”. If participants chose
“yes”, then they were asked “How long is your typical nap?”. Participants replied with
___hours, ___minutes”. We divided daytime nap duration into four categories: (1) shortest
(<30 min/day), (2) (31-60 min/day), (3) (61-90 min/day), and (4) longest (>90 min/day).

“

2.3. Assessment of Mental Health
2.3.1. Depression

The presence of depression was assessed in the participants, and the degree of de-
pression was also assessed using the Chinese version of the Zung Self-rating Depression
Scale (SDS) [35] which is widely used in Chinese studies [36-38]. The SDS is a self-report,
20-question instrument designed to screen for depression in large patient groups and to
measure the severity of depression. Each question is rated on a four-point scale from
1 (rarely) to 4 (most of the time). The SDS generates a total score ranging between 20 and 80,
with good internal consistency and validity [39]. Based on previous studies [40], a cutoff
score of >40 was used to classify students with depression in this study. The test score
reliability coefficient for SDS was 0.70 using Cronbach’s alpha.

2.3.2. Anxiety

We used the Generalized Anxiety Disorder-7 (GAD-7) to evaluate the severity of
anxiety symptoms. It is a validated scale [41], which consists of seven items with total
scores ranging from 0 to 21. Higher scores indicate more severe symptoms. GAD-7 was
widely used in Chinese studies [42—44], and previous studies have shown that severity in
the GAD-7 is represented by scores >5, >10, and >15 for mild, moderate, and severe levels
of anxiety symptoms, respectively [45,46]. We used a cutoff score of >5 to define students
with mild anxiety symptoms. The test score reliability coefficient for GAD-7 was 0.94 using
Cronbach’s alpha.

2.4. Covariates

Basic information was obtained using a questionnaire that included sex (male or
female), grade (freshman, sophomore, senior, or junior), and race (Han nationality or
minority race). BMI was calculated as weight (kg)/height (m)?. Living expenses were
categorized as low, medium, and high (CNY < 1000, 1000-1499, and >1499 per month,
respectively). Based on their smoking status, the participants were assessed as smokers
or nonsmokers. According to their drinking habits, they were classified as daily drinker,
occasional drinkers, and nondrinkers. Considering the small number of participants in the
drinking daily category (n = 3), we combined daily drinkers and occasional drinkers into a
single “drinker” category. Thus, drinking habit was defined as drinking or nondrinking.
We assessed academic pressure and pressure from the coach as none, a little, or high. The
“a little” and “high” categories were combined into one “yes” category, owing to the small
number of participants in the high category (n = 6). Sustained pain was evaluated by the
question “Do you have sustained pain caused by a sports injury, not including delayed
onset muscle soreness?”. We evaluated subjective training fatigue as not tired, relatively
tired, or very tired. Finally, years of exercise means how many years student athletes have
been engaged in sports, and was divided into “<3 years” and “>3 years”.

2.5. Statistical Analyses

A multivariate logistic regression analysis was used to examine the association be-
tween sleep status and mental health. Data are presented as odds ratios with 95% confidence
intervals (95% Cls). Sleep status and mental health were the independent and dependent
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variables, respectively. The differences in mental health variables (depression and anxiety)
in participants’ characteristics were examined by t-test for continuous variables or by the
x? test for categorical variables. We analyzed the association between sleep status and
mental health in the unadjusted and adjusted models. Model 1 was adjusted for basic
characteristics (sex, grade, race, and BMI), and Model 2 was adjusted for lifestyle- and
training-related factors (the items in Model 1, plus living expenses, smoking, drinking
habits, academic pressure, sustained pain, pressure from the coach, and subjective fatigue).
All trend p-values were calculated using the categories of sleep status (sleep duration and
nap duration), and intergroup p-values were also shown in the main results. A statistical
difference was defined as significant when the p-value was <0.05. All statistical analyses
were performed using the IBM Statistical Package for the Social Sciences (SPSS) Version 22.0
(IBM, Armonk, NY, USA).

3. Results

The basic data used in this study were obtained from 700 participants. Of these,
178 (25.4%) were classified as having depression and 291 (41.6%) as having symptoms of
anxiety. The characteristics of the depression and anxiety groups are shown in Table 1. The
proportion of participants who were males, had medium living expenses, had no academic
pressure, were relatively tired from training, had 7-8 h of daily sleep duration, or had short
napping duration was higher in the no-depression category. Conversely, the proportion of
participants who were of a minority race, had little or high academic pressure, had pressure
from coaches, no tiredness from training, <7 h of daily sleep duration, or relatively long
napping duration was higher in the depression category. Meanwhile, the proportion of
junior students who had no academic pressure or had 7-8 h of daily sleep duration was
higher in the no-anxiety category. Conversely, the proportion of participants who were
freshmen and sophomores or had a little academic pressure or had <7 h of daily sleep
duration was higher in the anxiety category. Notably, daytime nap duration was longer
among those with anxiety symptoms.

Table 1. Basic characteristics of participants according to mental health.

Depression Anxiety
No Yes No Yes
N 522 178 409 291
Sex (men; %) 57.1 46.1* 50.4 59.8 *
BMI (kg/m?) 20.1(19.9, 20.3) 20.0 (19.7, 20.3) 20.0 (19.8, 20.2) 20.2 (19.9, 20.4)
Grade (%)
Freshman 28.5 26.4 21.8 36.8 ***
Sophomore 35.4 27.5 30.3 37.8%
Junior 28.4 354 384 18.6 ***
Senior 7.7 10.7 9.5 6.9
Minority race (%) 6.5 13.5** 7.8 8.9
Living expenses (%)
Low 36.4 444 36.4 41.2
Medium 54 42.7 ** 52.3 49.5
High 9.6 12.9 11.2 9.2
Nonsmoker (%) 96.9 96.1 97.3 95.9
Nondrinker (%) 75.3 75.8 76.8 73.5
Academic pressure (%)
No 241 12.4 ** 28.1 11.3 ***
A little 72.6 80.3 * 68.9 82.5 ***

High 3.3 73* 29 6.2
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Table 1. Cont.

Depression Anxiety
No Yes No Yes

Pressure from coaches (yes; %) 10.5 19.1 ** 12.0 13.7
Sustained pain (yes; %) 9.2 124 9.8 10.3
Training fatigue (%)

Not tired 10.0 18 ** 11.5 12.7

Relatively tired 89.5 80.9 ** 88.0 86.3

Very tired 0.6 1.1 0.5 1.0
Years of exercise (>3 years; %) 93.3 91.6 93.9 914
Sleep duration (%)

<7 h/day 442 545* 425 52.9 **

7-8 h/day 47.7 34.8 ** 479 39.5*%

>8 h/day 8.0 10.7 9.5 7.6
Daytime nap duration (%)

1 (short) 32.6 23.6* 325 27.1

2 28.2 26.4 26.9 28.9

3 15.7 23 * 18.1 16.8

4 (long) 23.6 27 22.5 27.1

Results were obtained using a t-test for continuous variables and x? test for proportional variables. Values are
expressed as mean (95% Cls) for continuous variables, or n (%) for categorical variables. * p < 0.05; ** p < 0.01;
et

p < 0.001.

Table 2 presents the adjusted associations between sleep duration and depression and
anxiety symptoms. No linear association was observed. However, those who slept less
than seven hours at night had a significantly higher odds ratio than those who slept for
7-8 h for both depression and anxiety symptoms. In Model 2 (final adjusted model) of
the association between sleep duration and depression, compared with the 7-8 h of sleep
category, the odds ratios (95% Cls) were 1.68 (1.14, 2.48) for <7 h, and 1.66 (0.86, 3.21) for
>8 h. A similar association was also found between sleep duration and anxiety symptoms.
In Model 2, compared with the 7-8 h of sleep category, the odds ratios (95% Cls) were 1.46
(1.03, 2.05) for <7 h and 1.10 (0.59, 2.06) for >8 h.

Table 2. Adjusted association between sleep duration and mental health.

Sleep Duration

<7h 7-8h >8h Trend p
n 328 311 61
Depression (1) 97 62 19
Crude 1.68 (1.17,2.43) * 1 1.82 (0.99, 3.34) 0.171
Model 1 1.74 (1.20, 2.53) ** 1 1.60 (0.85, 3.04) 0.073
Model 2 1.68 (1.14, 2.48) ** 1 1.66 (0.86, 3.210 0.146
Anxiety symptoms (1) 154 115 22
Crude 1.51 (1.10,2.07) * 1 0.96 (0.54, 1.70) 0.012
Model 1 1.54 (1.11,2.14) * 1 1.00 (1.0.55, 1.82) 0.015
Model 2 1.46 (1.03, 2.05) * 1 1.10 (0.59, 2.06) 0.070

Results were obtained using a multivariate logistic regression analysis. Values are expressed as odds ratios (95%
confidential intervals). Model 1 was adjusted for sex, body mass index, grade, and race. Model 2 was further
adjusted for living expenses, smoking and drinking habits, academic pressure, pressure from coaches, sustained
pain, subjective fatigue, and years of exercise. * Significantly different from the 7-8 hours’ sleep duration, p < 0.05.
**p <0.01.

Table 3 presents the adjusted associations between daytime napping duration and
mental health. A positive linear association was found between daytime nap duration and
prevalence of depression in the unadjusted and adjusted models. In Model 2 (final adjusted
model), compared with the shortest daytime napping duration category, the odds ratios
(95% Cls) of the second, third, and fourth categories were 1.20 (0.73, 1.96), 1.76 (1.03, 2.99),
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and 1.62 (0.99, 2.66), respectively, and trend p = 0.026. However, no significant association
was found between daytime nap duration and anxiety symptoms.

Table 3. Adjusted association between daytime napping duration and mental health.

Daytime Napping Duration

1 (Short) 2 3 4 (Long) Trend p

n. 212 194 123 171

Depression (1) 42 47 41 48
Crude 1 1.29 (0.81, 2.07) 2.02 (1.22, 3.35) 1.58 (0.98, 2.54) 0.021
Model 1 1 1.30 (0.80,2.09) 1.87(1.12,3.13) * 1.62 (1.00, 2.63) 0.022
Model 2 1 1.20 (0.73, 1.96) 1.76 (1.03, 2.99) * 1.62 (0.99, 2.66) 0.026

Anxiety(s;;mptoms 79 84 49 79

n

Crude 1 1.29 (0.86,1.91) 1.12 (0.71, 1.76) 1.45 (0.96, 2.18) 0.129
Model 1 1 1.32 (0.87,1.99) 1.20 (0.75,1.93) 1.47 (0.96, 2.25) 0.108
Model 2 1 1.27(0.83, 1.94) 1.18 (0.72,1.92) 1.51 (0.97, 2.34) 0.094

Results were obtained using multivariate logistic regression analysis. Values are expressed as odds ratios (95%
confidential intervals). Model 1 was adjusted for sex, body mass index, grade, and race. Model 2 was further
adjusted for living expenses, smoking and drinking habits, academic pressure, pressure from coaches, sustained
pain, subjective fatigue, and years of exercise. * Significantly different from the first napping duration category,
p <0.05.

4. Discussion

This study investigated the association between nighttime sleep duration, daytime
napping, and mental health among collegiate student athletes. Although adjustments were
made for several confounding factors, this study found that a short nighttime sleep duration
(<7 h) was associated with a higher prevalence of depression and anxiety symptoms.
Meanwhile, a longer duration of daytime napping was associated with a higher prevalence
of depression. To our knowledge, this is the first study to examine the association between
sleep duration, napping duration, and mental health among collegiate student athletes.

Previous studies have shown that the prevalence of depression among Chinese uni-
versity students was 37.0% [47], 29.7% [48], and 19.4% [49]. The rates of anxiety symptoms
were 24.9% [47], 53.1% [50], and 12.7% [51]. Differences in the assessment methods and
cutoff points of the scales for depression and anxiety in these studies may explain these
inconsistent results. Although these previous findings may not be comparable with ours,
the prevalence of depression (25.4%) and anxiety symptoms (41.6%) in our study was at an
average level. In contrast, two studies reported the prevalence of depression in American
collegiate athletes as 21.4% [52] and 21.7% [53], which is similar to our findings.

Our findings regarding the adverse effects of short nighttime sleep duration on the
incidence of depression and anxiety supported those of previous studies, for example,
studies such as two American cohort studies on 15,204 and 555 adults [54,55], an American
study on 4175 youths [26], and three Chinese studies on 3724 adolescents [27], 9515 uni-
versity students [49], and 11,052 middle-aged and older adults [28]. All of them indicated
that short nighttime sleep duration was associated with an increased risk of depressive
symptoms. In addition, our finding regarding daytime napping and mental health also
supported previous studies, such as a French study and a Chinese study [31,32], which
indicated that there is a significantly positive association between daytime napping and
depression. In summary, the difference between our study and those previous studies lies
in the sample; therefore, it could be considered that it is important and meaningful that our
study extends these associations to the collegiate athlete populations. Furthermore, most
previous studies only examined the association between sleep duration and depressive
symptoms, but did not consider napping duration and anxiety. Thus, our study strengthens
the literature of the association between sleep and mental health.

However, there are also some studies that reported a U-curve association between
sleep duration and mental health, suggesting that both short and long nighttime sleep
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duration are related to poor mental health. For example, Bao et al. indicated that, compared
with those who had 8 h of nighttime sleep, people who slept <8 h and >9 h per night had a
higher risk of depressive symptoms in 7311 Chinese adolescents [29]. Another study on
28,202 Chinese rural adults aged 18-79 years demonstrated that both shorter (<6 h) and
longer sleep duration (>10 h) were associated with an increased risk of depressive symp-
toms [30]. In addition, a review study also showed that both short and long sleep duration
is significantly associated with increased risk of depression in adults [56]. Therefore, a
U-curve association between sleep duration and depressive symptoms was also observed
in our study (Table 2). However, the number of participants who slept for >8 h in our study
was too small, which may explain the nonsignificant association between the long sleep
duration group and the reference group. Therefore, our findings may also support those of
previous studies. Regarding the association between napping duration and mental health,
some studies indicated that >90 min of daytime napping in adult women and >60 min of
daytime napping in middle-aged and older adults were associated with a reduced risk of
depression [28,33]. A daytime napping duration of <30 min was also related to a lower
risk of prevalent depressive symptoms in Chinese adults [57]. These previous studies were
inconsistent in terms of findings regarding the association between daytime napping and
depression, and further contradict our findings. This may be because of age differences.
Specifically, the nighttime sleep duration of older adults is short; thus, they need a longer
daytime napping duration to catch up on sleep [57]. Conversely, younger people obtain
sufficient nighttime sleep compared to older people. Therefore, if student athletes engage
in long daytime napping, their time for studying or training will be reduced, which may
cause them to feel stressed.

We hypothesized that both short and long sleep durations are associated with poorer
mental health. However, the results showed that short sleep duration, but not long sleep
duration, was significantly associated with a higher risk of depression and anxiety symp-
toms in student athletes. This could be explained by the fact that student athletes who sleep
for a short duration may have insufficient rest and a greater perceived severity of stress [58].
Perceived stress is a risk factor for mental disorders [59]. Furthermore, a study showed
that university students reported a more depressed mood in the presence of a persistent
pattern of short nocturnal sleep [60]. However, daytime napping can reduce nocturnal
sleep duration [61]. As mentioned above, a short nighttime sleep duration is associated
with depression; thus, daytime napping is related to poor mental health. In addition, high
daytime sleepiness may cause loss of interest and motivation, which consequently leads to
negative mental health status. From another perspective, daytime napping is associated
with chronic low-grade inflammation [62], suggesting that daytime napping may be an
early indicator of low-grade inflammation, predisposing individuals to depression.

This study has several limitations. First, some previous studies indicated that 6-7 h
of nighttime sleep duration are beneficial for health. However, we could not include the
67 h sleep category because the number of participants who slept for less than six hours
in this study was too low (n = 31). Second, causality cannot be concluded because of the
cross-sectional nature of the study. Although we hypothesized that sleep duration may
affect mental health, we cannot exclude the possibility that mental health status may also
affect sleep duration. Third, we did not use standardized scales or objective methods to
assess sleep and napping duration, such as the Pittsburgh Sleep Quality Index or sleep
monitoring device, because of the limited survey time. Finally, several confounding factors
were adjusted for the association between sleep duration and mental health. However, we
cannot exclude the possibility that the mental health of student athletes is influenced by
other factors that correlate with sleep status.

5. Conclusions

This study revealed that short nighttime sleep and long daytime napping durations are
associated with poor mental health in collegiate student athletes. These findings provide
important information in the fields of health education and preventive medicine. Paying
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attention to sleep status is essential for college athletes and their coaches. Prospective or
randomized trial studies are needed to clarify the causality.
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