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Introduction

Sleep is a necessary process that rejuvenates the body 
and mind from life activities. Sufficient amounts of 

sleep vary from person to person based on their energy 
output, age, and sex. On average, an adult should 
attain about 7-7.5 hours of sleep per night to maintain 
optimal physical and mental function [27]. Consistently 
attaining less than 7-7.5 hours can lead to a state of sleep 
deprivation, which is correlated to many health issues 
like decreased physical and psychological well-being 
and pain, decreased cognitive function, hypertension, 
diabetes mellitus, and coronary artery disease [9, 18, 26]. 
Sleep can be assessed objectively through somnography 
or subjectively through self-report assessments of 
sleep quality and duration. Research suggests that 
subjective measures gave more useful data than objective 
measures [2]. 
Previous studies have demonstrated that compared to 
non-athletes of the same gender and age, athletes report 
lower quality and duration of sleep [16]. Athletes endure 
training to induce physical stress to produce an effect 
that will increase athletic performance [11]. If training 
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and recovery methods, including sleep, are improperly 
balanced, a negative stress response may occur [11]. 
Heidari et al. determined a relationship between sleep 
and optimal competition condition, describing the 
importance of sleep in the athlete recovery routine 
[14]. In addition, lack of sleep has been correlated to 
decreased reaction time, increased injury risk, and 
increased perceived effort [17, 20]. Duration of sleep is 
not the only determinate of sleep benefits; sleep quality 
also impacts the effects of sleep on physiology and 
performance [2, 6]. In female collegiate lacrosse athletes, 
sleep quality proved to be a predictor of external load 
variables including total distance and high-intensity 
distance [6]. Female athletes experience stressors 
through school and sport that impact sleep but may face 
differences due to differing physiological processes like 
menstruation. Female athletes with an average age of 
23 have been shown to have higher post-game cortisol 
levels during training and control conditions which 
may affect sleep quality and quantity [22]. Longitudinal 
research in female cross-country athletes found that 
resting heart rate increased over time and was positively 
associated with increased slow wave sleep but not the 
timing and regularity of sleep [24]. These differing 
characteristics are important to investigate, as female 
athletes are frequently underrepresented in athlete 
research literature [5]. 
College athletes participating in the National Collegiate 
Athletics Association (NCAA) must balance their time 
through their academic, athletic, and social commitments 
[13]. This struggle to manage time can create stress and 
lead to disrupted sleep [4]. Division I volleyball players 
reported lower levels of sleep duration and higher levels 
of soreness and perceived stress on days with reported 
pain and injury incidences [13]. Additionally, poor 
sleep quality before away games was reported more 
than home games in both female and male volleyball 
players [10]. Through objective measures of sleep (e.g., 
measurements taken through somnography), volleyball 
athletes reported a lower amount of sleep the day after 
the match, compared with pre-match sleep amounts and 
sleep two nights post-match [25]. Therefore, location of 
training or competition, time of training, or intensity of 
training can impact the sleep quality of the athlete. 
Lack of sleep demonstrates a two-prong effect on 
lower performance; amount of sleep alone can predict 
athletic performance [2] and the physiological effect of 
stress caused by a lack of sleep can result in a subpar 
athletic performance [11, 23]. Because athletes have 
unique schedules and training loads that lead to stressors 
impacting performance, it is important to gain knowledge 

about the physiological and psychological relationship of 
stressors with measurements of recovery [21].  

Aim of Study
Evidence indicates that stress and sleep are intertwined 
for athletes and there may be some degree of fluctuation in 
these wellness markers throughout the season [11]. These 
aspects have not yet been explored in collegiate female 
athletes. The aim of the current study was to 1) assess 
the relationship between sleep quality, sleep duration, 
energy, and stress in female collegiate volleyball players 
through the four months of the competitive season, and 
2) report the frequency of provided reasons for poor 
sleep quality and duration. The study includes data from 
the competitive season of collegiate volleyball athletes. 
We hypothesized that sleep quality and duration will 
demonstrate a strong positive relationship, and stress 
and energy would have moderate positive relationships 
between the two sleep measures. We also hypothesized 
that stress and worry would be the most cited reason for 
poor sleep quality or reduced sleep duration.  

Materials and Methods

Experimental design
A retrospective, observational study design was used 
to test the hypotheses. De-identified data were received 
from an athlete monitoring platform (Metrifit, Louth, 
Ireland). Participants submitted data during collegiate 
volleyball seasons (August through November) from 
2016 through 2021. This study was approved as 
exempt status by the Sam Houston State University 
institutional review board, and this study was conducted 
in alignment with the Declaration of Helsinki. Due to 
the retrospective nature of the study, informed consent 
was not necessary.

Participants
Data was gathered from a total of 67 female collegiate 
volleyball athletes from the United States through an 
athlete monitoring platform. Athletes were varsity 
players from teams competing in the NCAA, but 
no divisional characteristics (e.g., I, II, or III) were 
gathered. There were a varied number of data entries per 
participant, ranging from three to 429 entries. Athletes 
were excluded from the study if they did not complete 
at least three data entries per month. 

Measures
The study utilized the Metrifit athlete monitoring 
application to gather wellness data from collegiate 
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volleyball athletes. Metrifit is a mobile athlete self-
report measure (M-ASRM) delivered to athletes 
through a phone application [8]. The application 
provided a daily self-report wellness assessment [7]. 
Wellness characteristics like stress, fatigue, mood, 
sleep, recovery, health status, energy [12] were collected 
within Metrifit, but for the purpose of this study, 
only sleep quality, sleep duration, energy, and stress 
were analyzed. Participants received a text message 
notification reminder to complete these daily subjective 
assessments to encourage participation. Perceived sleep 
quality and perceived stress used a scale of 1 to 5, with 
higher values indicating a more positive affect. Sleep 
duration was a self-report measure estimated to the 
nearest half hour by participants. Daily reports of sleep 
duration and wellness sub-scores were used for analyses. 
Athletes also had the option to provide reasons for poor 
sleep. The list of reasons included: consumed alcohol/
caffeine late at night, pain/irritation, overtired, worried/
stressed, noise/disturbance during the night, late night, 
consumed food/beverage late at night, and other. These 
data were tallied by month of the competitive season. 

Statistical analysis
Data analyses were conducted with RStudio (Boston, 
MA). Descriptive statistics for sleep quality, sleep 

duration, and stress were tabulated for the whole 
season and by month of the season – August, 
September, October, and November. A Shapiro-Wilk 
test determined the data were normally distributed. 
For the primary aim of the study, repeated measures 
correlations (procedure rmcorr) were conducted for the 
whole data set and individual months to evaluate the 
relationship between the sleep quality, sleep duration, 
energy, and stress [1]. Correlation coefficients (r) were 
interpreted as no correlation (< 0.2), low correlation 
(0.2-0.39), moderate correlation (0.4-0.59), moderately 
high (0.6-0.79), and high (> 0.8) [28]. Effect sizes (q) 
for the difference between monthly correlations were 
calculated and interpreted as no effect (< 0.1), small 
(0.1-0.3), intermediate (0.3-0.5), and large (> 0.5) [3]. 
For the secondary aim of the study, total frequency of 
each sleep-related ailment were tallied for each month. 
Percent contributions of each ailment were calculated 
and organized into a heat map. 

Results
A total of 9509 observations were included in the 
analyses, across 67 participants. Figure 1 shows the 
means and standard deviations for sleep quality, energy, 
stress, and sleep duration scores for each month of the 
volleyball season. The athletes report a slight reduction 

Figure 1. Means and standard deviations of wellness sub-scores and sleep duration across the volleyball season by month
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in all the wellness components as the season progressed, 
with all scores peaking in August and reaching their 
lowest points in November. Sleep duration remained 
steady for the entirety of the season.
Table 1 shows the results of the repeated measures 
correlation analyses. Sleep quality and sleep duration 
showed a moderate correlation, with r-values ranging 
from 0.404 to 0.552 across all four months of the 
volleyball season, p < 0.001 for all. Sleep quality had 
a low correlation with energy for each month, except 
September where there was a moderate correlation 
(p < 0.001 for all). Sleep quality and stress showed 
no correlation for August and September (p < 0.001) 
and a low correlation for October, November, and the 
whole data set (p < 0.001 for all). Sleep duration and 
energy were lowly correlated in September, October, 
November, and for all of the data, but had no correlation 
in August (p < 0.001 for all). Sleep duration and stress 
were not correlated for any of the months evaluated.

Table 2 shows the effect sizes evaluating differences 
between monthly correlations. There was a small effect 
in sleep quality and sleep duration for August (q = 0.122 
to 0.193) compared to the other three months of the 
season with no effect (q = 0.004 to 0.071). This was due 
to athletes scoring sleep quality and duration slightly 
higher in August compared to the other three months, 
and then sleep quality scores dropped by 0.2-0.3 
points and sleep duration remained fairly stable. Effect 
sizes for sleep quality with energy and stress were all 
negligible. All effect sizes for sleep duration and energy 

were also negligible. There was also a small effect in 
sleep duration and stress r-values between August and 
November (q = 0.106), but all other q effect sizes are 
interpreted as no effect.
Table 3 shows a heat map of the distribution of sleep- 
related ailments reported by the athletes per month of 
the competitive season. The color shading starts at dark 
red (high frequency of reporting) and fades to green (low 
frequency reporting). The light colored/white shades 
represent moderate reporting. The category of “other” 
was the highest reported sleep ailment for each month 
of the season, representing approximately 40% of all 
sleep ailments. Overtired was the second highest sleep 
ailment cited, with highest amounts in the middle of the 
season in September and October. Noise/disturbance as 
the primary reason reported for negative sleep quality 
comprised 15.3% of the total responses. Worried/stress 

Table 2. Effect sizes to evaluate differences in monthly 
correlation coefficients

SEPT OCT NOV

Sleep quality and sleep duration

AUG 0.193 0.126 0.122

SEPT 0.067 0.071

OCT 0.004

Sleep quality and energy

AUG 0.032 0.029 0.02

SEPT 0.06 0.051

OCT 0.009

Sleep quality and stress

AUG 0.009 0.057 0.086

SEPT 0.047 0.077

OCT 0.030

Sleep duration and energy

AUG 0.090 0.061 0.066

SEPT 0.029 0.023

OCT 0.005

Sleep duration and stress

AUG 0.084 0.098 0.106

SEPT 0.014 0.023

OCT 0.008

Table 1. Repeated measures correlation coefficients (r) for 
wellness sub-scores for each month of the collegiate volleyball 
season. Bolded values indicate a moderate correlation

Sleep 
duration Energy Stress

All data
Sleep quality 0.491 0.387 0.255

Sleep duration 0.218 0.179

AUG
Sleep quality 0.404 0.373 0.184

Sleep duration 0.16 0.091

SEPT
Sleep quality 0.552 0.400 0.193

Sleep duration 0.246 0.173

OCT
Sleep quality 0.504 0.348 0.238

Sleep duration 0.219 0.187

NOV
Sleep quality 0.501 0.356 0.266

Sleep duration 0.224 0.195
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as the reason for a decreased sleep quality contributed 
to 14.4% of total reported reasons. However, this reason 
was reported more frequently as the season progressed 
from August to October. Athletes reported being 
worried/stressed at an increasing rate throughout each 
month of the season. Late night consumption of food, 
beverage, alcohol, and caffeine were least frequently 
reported as a reason for poor sleep.

Discussion
The current study assessed the relationship between 
collegiate volleyball athletes’ stress, sleep quality, 
energy, and sleep quantity during the competitive 
season. Reasons for poor sleep quality and duration 
were also reported. We hypothesized that sleep quality 
and quantity would have a strong positive relationship 
and stress and energy would have moderate positive 
relationships with the two sleep measures. There was  
a moderate correlation between sleep quality and quantity, 
but there was low correlation with sleep quality and 
energy and stress, and no correlation between sleep 
duration and stress or energy. The volleyball athletes’ 
subjective scoring for sleep quality and duration were 
stable over the course of a volleyball competition 
season. The top three reasons reported for diminished 
sleep quality were other, over-tiredness, and worry/
stress. As the season progressed, worry/stress increased 
as the primary reason for lower sleep quality, while 
other was reported less frequently.  
The results showed a moderate correlation between 
sleep quality and sleep duration during the whole 
season (August-November, r = 0.491). This moderate 
correlation may be attributed to athletes preferring 

different durations of sleep and if the athlete’s sleep 
habits aligned with their chronotype. These findings may 
be used to better regulate athletes’ rest, recovery, and in- 
season training. Knufinke and colleagues emphasized 
that the body adjusts necessary sleep time according 
to the need for recovery from physical exertion [16]. 
Compared to their respective age groups, 88% of elite 
athletes had lower sleep, alluding to the need for more 
athlete-sleep data to better understand the relationship 
between athlete sleep duration and quality. The present 
study shows that sleep duration and quality were stable 
with each month of the season and correlated with one 
another. Encouraging athletes to increase their time 
spent in bed may subsequently improve sleep duration, 
quality, and efficiency. This should be further explored 
through both objective and subjective methods.
Energy and stress had low correlations with sleep quality 
(r = 0.387 and r = 0.255, respectively). Low correlations 
between these variables concur with previous research 
that investigated well-being factors of sleep, stress, and 
delayed onset of muscle soreness during a semi-pro 
soccer season in male athletes [21]. However, a study 
by Brandt and colleagues on elite male and female 
athletes competing in team and individual sports found 
notable correlations between perceived sleep quality and 
mood state [2]. The researchers defined mood state as 
encompassing vigor, tension, depression, anger, fatigue, 
and mental confusion. Specifically, they found that 
higher levels of sleep quality were directly correlated 
with high vigor and lower depression, anger, fatigue, and 
mental confusion, associating better sleep quality with 
a more positive mood state. These differences in study 
findings may be attributed to differences in sport type, 
level of competition, and gender of athletes. Specifically, 
Mascaro and colleagues reported that women athletes 
reported higher levels of negative mood and stress, and 
this should be considered when comparing studies with 
different genders represented [19]. 
Interestingly, there were no substantive changes in the 
wellness sub-scores and sleep duration as the season 
progressed. The athletes consistently obtained less 
than the optimal eight hours of sleep throughout the 
season. This is concerning because athletes deal with 
life stressors like school, family life, and relationships 
alongside athlete specific stressors like high caloric and 
mental expenditure. Weekly sleep analysis in male rugby 
players detailed differences in sleep duration of athletes 
between competition, low load, and high load weeks 
[4]. Essentially, when addressed in a more granular 
fashion – within a week – there were sleep differences 
as opposed to analyzing sleep via analog methods over 

Table 3. Percent frequency distribution of identified reasons 
negatively affecting sleep quality 

AUG SEPT OCT NOV Total

Alcohol/caffeine late 0.4% 0.7% 0.2% 0.3% 0.4%

Pain/irritation 5.6% 4.0% 4.2% 3.6% 4.2%

Overtired 14.4% 19.3% 19.4% 15.4% 17.6%

Worried/stressed 7.4% 12.3% 14.6% 20.0% 14.4%

Noise/disturbance 23.2% 16.2% 11.4% 15.2% 15.3%

Late night 4.6% 2.6% 9.9% 12.9% 8.1%

Food/beverage late 0.4% 0.2% 0.8% 1.0% 0.6%

Other 44.0% 44.7% 39.5% 31.7% 39.4%

Note: Red indicates a high frequency, white is moderate, and green 
is low, with deeper shades of each color representing higher values
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a month or season. This can be applied to the current 
study because the data was compiled over monthly 
amounts, providing no notable differences based on the 
time in season. A weekly analysis may have provided 
more insight towards the specific difference in sleep 
duration during different weeks of load. Many studies 
detail specific daily or weekly differences in sleep 
duration for athletes based on scenarios like presence or 
absence of a competition and the extent of training. For 
example, Vitale and colleagues conducted a study where 
they assessed differences in total sleep time pre-match 
and days post-match, finding that sleep was lower the 
first night post-match [25]. This alludes to the current 
study assessing athlete sleep duration in a more general 
expanse over months of a season instead of daily or 
weekly data analysis. The secondary analysis nature of 
the present study did not include knowledge of when 
competitions were relative to their sleep and wellness, 
just that the athletes were within the competition phase 
of the training year. Future studies should consider both 
in their assessments when able. 
Monthly data was gathered from athletes on perceived 
sleep ailments across the four months of the competitive 
season. The “other” category was reported most often 
during the competitive season (Table 3), followed by 
overtired which peaked in the months of September 
and October. Worried/stressed and noise disturbance 
followed with peaks in separate months.  Worry/stressed 
steadily increased as the season progressed, peaking in 
November. This finding is important due to implications 
of other factors like increased academic demands and 
impending post season competition near the end of the 
semester.  Noise disturbance peaked in August, which 
was likely associated with beginning of the semester 
celebrations in college housing. Additionally, both 
ailments could have possibly become an issue due to 
the different environments of home and aways games, 
such as athletes sleeping in a hotel. Previous research 
involving male volleyball players investigated sleep 
quality prior to an away game, home game, and training 
days and found that sleeping in a hotel before an away 
game demonstrated greater occurrences of nocturnal 
awakenings, reduced sleep latency (time it takes to 
fall asleep), poorer overall sleep quality, and less total 
sleep [10]. The former study may explain why “other” 
and noise/disturbance were commonly reported in 
this study. Many athletes must sleep in hotel rooms 
and unfamiliar environments with multiple teammates 
during competition season and they may have perceived 
this environment as noisy or classified the experience 
as “other” while reporting what decreased their sleep 

quality. A study focusing on worry/stress in elite 
Australian male and female athletes, described the 
top sleep ailments the night before a competition as 
thoughts about competition at 83.5% and nervousness 
at 43.8% [15]. This result is reflected in the present 
study as worry/stress were reported more as the season 
progressed. This could be attributed to more pregame 
nervousness prior to more important competitions as 
the season advanced, as well as academic stress due to 
intra-term exams and finals.
A limitation in the current study is the use of de-identified 
data. This data lacked information related to athletes’ 
training calendars and level of play, referring to the 
NCAA division. This information provides context to 
the commitment and rigor expected of athletes. Another 
limitation is variation in number of data entries. While 
this was controlled for in the correlation analysis, an 
athlete with more data entries would have a larger 
influence over the descriptive data provided in this study 
compared to an athlete with few entries. The athletes 
completing more entries may have also experienced 
survey fatigue. Another limitation of the data is sleep- 
related ailments category “other”. This category cannot 
be decoded and holds vital information for the most 
reported category of sleep-related ailments. Decoding 
this could have provided useful information about why 
athletes report a reduced sleep quality. Insight from the 
“other” category would also aid in the understanding of 
why female, college athletes are experiencing a reduced 
sleep quality. Lastly, this study did not assess for training 
volume or timing of games relative to sleep and stress. 
This information may provide contextual insight for 
fluctuations in sleep duration and wellness sub-scores.

Conclusions
This study provided a general concept of perceived 
sleep quality, stress, energy, and self-reported sleep 
duration of many female volleyball athletes throughout 
the competitive season. To our knowledge, this is the 
first study to evaluate the relationships between these 
variables in this population. This study found that sleep 
quality and duration are moderately correlated during 
the competition season of collegiate volleyball players, 
although there was little to no correlation for sleep 
quality, sleep duration, stress, and energy. Wellness sub- 
scores also presented no change over the course of the 
four-month season. The results of the study also showed 
that “other”, overtiredness, and worry/stress were the 
top reported sleep ailments for these athletes. These 
data can be applicable to coaches, athletes, and athletic 
trainers looking to gain insight on the sleep habits and 
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effectiveness in collegiate female volleyball athletes 
during the competition season. Athletes should aim for 
consistency in their sleep habits as often as possible, 
which will likely positively impact their sleep quality. 
Coaches should speak regularly about good sleep habits 
with their athletes and let them know that sleep duration 
and quality are linked, but these sleep parameters are 
not necessarily related to their stress or energy levels. 
Future directions for study could isolate the competitive 
level of athletes to determine if competition level such 
as Division I, II, or III athletes get different amounts of 
sleep. The study could even explore different athletes of 
various sports to see if the results are consistent across 
sports. 
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