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Basketball Strength and Conditioning: A Look at Current Trends

Wellness, Mood, Sleep, and Performance in a Women's National
Basketball Team during International Competition

by
Stephen P. Bird 1**, Renée L. Parsons-Smith 2, Rachel King 3, Peter C. Terry >*

The purposes of this study were to examine relationships between athlete self-report measures of wellness, mood,
sleep, and performance indicators of a women'’s national basketball team during international competition (2023 FIBA
Women'’s Asia Cup). Physical and psychological wellness were recorded using a cloud-based athlete management system,
mood was assessed using the 24-item Brunel Mood Scale (BRUMS), and performance was evaluated by player self-
assessment and the National Basketball Association’s (NBA) player efficiency score. Wellness indicators were rated at or
either side of a normal rating (i.e., 3 on a 1-5 scale), as was self-rated performance. Mean sleep duration was 8:13 hours
(£ 1:13), with large individual differences in retiring time and sleep duration. Mood scores showed a general pattern of
declining tension and vigour over the 14-day assessment period. Mood subscales predicted 49.0% of variance in wellbeing
scores, 46.8% of variance in preparedness scores, and 26.0% of variance in player efficiency scores. Wellbeing indicators
predicted 34.9% of self-rated performance variance and mood subscale scores predicted 27.7% of variance. These findings
suggest that female athletes may be particularly susceptible to mood disturbances impacting performance and highlight
the potential for targeted interventions, including stress management and sleep optimization, to mitigate these stressors
and support mental wellbeing. These strategies may enhance both psychological health and athletic performance during
the high stress demands associated with international competition.
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84% of respondents assessing overall athlete
wellness via this method as part of the athlete
monitoring process. While debate exists regarding
the validity of the single-item ASRM (Duignan et
al., 2020; Saw et al., 2016), it could be argued that
single-item ASRM are less monotonous and time-

Introduction

There is growing importance of the
wellness of athletes in elite sport whilst also
working to maximize performance (Edwards et al.,
2018; Saw et al., 2016). To that end, monitoring

athlete self-reported measures (ASRM), such as
muscle soreness, fatigue, sleep quality, stress, and
mood on a regular basis to evaluate wellness and
accompanying training load tolerance (Saw et al.,
2015a) has become commonplace (Duignan et al.,
2020; Saw et al, 2015b, 2016). In a survey of
Australian and New Zealand high-performance
sport programs, Taylor and colleagues (2012)
identified ASRM as the most commonly and
frequently used fatigue-monitoring tools, with

consuming, and thus may lead to increased
relevance and greater survey compliance,
especially during intensified training periods and
pinnacle sporting events (i.e, Olympic Games,
World Championships). Furthermore, custom
single-item ASRM may allow performance staff to
identify relevant ASRM domains within a sport-
specific context, which is essential to create
organizational buy-in during implementation of
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the monitoring process (Saw et al., 2015a).

Sport-specific manifestations of mental
fatigue are regarded as a psychobiological state,
caused by prolonged periods of extremely
demanding and focused cognitive activity
(Marcora et al., 2009), which may exacerbate a
negative  stress response. Elite athletes
experiencing mental fatigue report a variety of
symptoms such as feelings of disengagement,
decreased motivation and enthusiasm, increased
displays of emotion and withdrawal, reduced
concentration, and decreased discipline and
attention to detail (Russell et al, 2022). Not
surprisingly, elite athletes are constantly exposed
to stressors that may impair mental health and
negatively impact sleep quality. Poor sleep is often
reported in elite athletes, especially in the nights
prior to competition. Biggins and colleagues (2021)
reported that nearly a quarter of elite athletes
experienced moderate to severe sleep problems at
international competition. Mason et al. (2022)
reported similar findings in 40 elite international
track and field athletes, of whom 50% were female,
from six different countries. Poor sleep is not only
linked to mental fatigue (Andrade et al., 2019; Cook
and Charest, 2023), but also risks to mental health
(Terry and Parsons-Smith, 2021). Recently, Moen
and colleagues (2021) reported bidirectional
relationships between sleep and perceived fatigue
in elite female soccer players, which might impair
physical performance. Collectively, monitoring
relevant sleep indices and implementing strategies
to help prevent the onset of mental fatigue are
crucial in safeguarding the wellness of elite
athletes.

Over several decades, regular mood
assessment has been shown to predict both
psychological wellness and the performance
outcome (Beedie et al., 2000; Morgan et al., 1987).
Morgan’s mental health model (Morgan et al.,
1987) postulated that a mood profile referred to as
the iceberg profile, which is characterized by above
average scores for vigor combined with below
average scores for tension, depression, anger,
fatigue, and confusion, is indicative of positive
mental health and is associated with superior
sports performance. Subsequent meta-analytic
reviews of the mood and sport performance
literature have provided support for the benefits of
the iceberg mood profile (Beedie et al., 2000).
Several other mood profiles have been identified in
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the sport psychology literature. For example, the
inverse iceberg profile, characterized by above
average scores for tension, depression, anger,
fatigue, and confusion, coupled with below
average scores for vigor, has been linked to
overtraining syndrome (Morgan et al., 1987), poor
athletic performance (Beedie et al., 2000) and a
heightened risk of mental health issues (Terry and
Parsons-Smith, 2021). Another mood profile that is
indicative of poor performance and elevated risk of
psychopathology, referred to as the inverse Everest
profile, is characterized by low vigor scores, high
scores for tension and fatigue, and very high scores
for depression, anger, and confusion (Parsons-
Smith et al, 2017). The surface profile is
characterized by average scores on all mood
dimensions, the submerged profile by below
average scores on all mood dimensions, and the
shark fin profile by below average scores for
tension, depression, anger, vigor, and confusion,
combined with very high fatigue scores (Parsons-
Smith et al., 2017).

In a pre-cursor to the present study, an
investigation by Lane and Chappell (2001), which
explored the relationship between pre-game mood
and individual performance among 10 members of
the Great Britain men’s basketball team at the 1997
World Student Games, found that predicting
performance from mood scores was highly
individualized. Five players showed significant
relationships between mood and performance,
whereas the remaining five showed no
relationship. Overall, mood accounted for 9% of
performance variance, but up to 40% of
performance variance among some players. Game
performance has been described as a ‘function of
the differences in the final score of the game’
(Garcia et al., 2013). Collectively, it is essential to
consider variables that may influence individual
player readiness and impact game performance.
Therefore, the aim of the present study was to
investigate  wellness, mood, sleep, and
performance indicators of a senior women'’s
national basketball team during international
competition.

Methods
Participants

Participants were 12 elite female basketball
players from the New Zealand women'’s senior
national team competing at the 2023 International
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Basketball Federation (FIBA) Women’s Asia Cup.
Player ages ranged from 18 to 29 years (M =23.7 +
3.3 years) and the number of international games
played prior to the tournament ranged from 2 to 60
(M =233 +21.5 games).

Measures
Measurement of Wellness and Sleep

Athlete self-report measures (ASRM) of
wellness were collected daily during the
investigation period via a cloud-based athlete
management system (VisualCoaching Pro [VCP],
Melbourne, Australia). The ASRM used were
perceptions of sleep quality, readiness, recovery,
feelings, energy, muscle soreness, and leg
heaviness and were reported on a 5-point Likert
scale (scores of 1 to 5), where lower numbers
indicated a negative response, and higher numbers
indicated a positive response. ASRM have been
reported to be sensitive to changes in athlete health
and indicators of wellness among elite athletes
(Saw et al., 2016). Overall wellness was calculated
by summing scores for sleep quality, feelings, and
energy, and overall preparedness by summing
scores for sleep quality, recovery, and energy.
Night retiring time (lights out each night to go to
sleep) and sleep quantity (hours slept) were also
self-reported with players hosted in twin-share
hotel rooms. These measures (collectively referred
to as ASRM) relate to the female athlete health
domains, as per the International Olympic
Committee consensus statement (Moore et al.,
2023). The team physician (on-site) and sport
psychology provider (remote) were available for
follow-up consultation to provide support to
players experiencing negative wellness indicators.

Measurement of Mood

Mood was assessed using the Brunel
Mood Scale (Terry et al., 2003), a 24-item scale to
assess the mood dimensions of tension, depression,
anger, vigor, fatigue, and confusion (4 items each).
Players indicated how they were feeling “right
now” on a 5-point scale; 0 =not at all, 1 =a little, 2 =
moderately, 3 = quite a bit, and 4 = extremely.
Subscale scores ranged from 0 to 16, with higher
scores indicating higher levels of a mood
dimension. The BRUMS has demonstrated robust
psychometric characteristics (Lane et al., 2007;
Terry et al.,, 2003) and has been globally used to
assess mood in athletic populations (Lane and
Chappell, 2001; Terry and Parsons-Smith, 2021).

Players completed the BRUMS on nine occasions
during the 14-day investigation period.

Measurement of Game Performance

Two game performance measures were
used. The first performance measure was a Self-
rating of Performance by each player after every
game on a 5-point Likert scale, where higher
numbers indicated better self-rated performance.
Publicly available box-score data (International
Basketball Federation, 2023) provided game-
related statistics required to determine the second
performance measure, termed the Individual Player
Efficiency Score. This was calculated using the
Player Efficiency Rating (PER), as per Hollinger
(2007), which determines the rating of a player’s
performance, according to the following formula:

Efficiency (EFF) = (PTS + REB + AST + STL + BLK —
Missed FG — Missed FT — TO)

where:
PTS = number of points scored by the
player
REB = number of rebounds by the player
AST =number of assists by the player
STL = number of steals by the player
BLK = number of blocks by the player
Missed FG = number of field goals missed
by the player
Missed FT = number of free throws
missed by the player
TO = number of turnovers the player has
allowed

Design and Procedures

Prior to data collection, the lead author
attended a national training camp with the team,
coaching and support staff during which the
purpose of the research, procedures and possible
risks were explained. Participants were familiar
with all procedures which were consistent with
national team protocols and were made aware that
(1) their participation was voluntary; (2) they could
withdraw at any time; and (3) completion of the
study questionnaire(s) constituted their consent to
participate. The study was conducted in
accordance with the Declaration of Helsinki and
approved by the Human Research Ethics
Committee of the University of Southern
Queensland  (protocol code: #H2IREA182;
approval date: 01 September 2021).
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Data collection occurred over a 14-day
period that encompassed a national training camp,
plus travelling to and competing in the 2023 FIBA
Women’s Asia Cup tournament (Sydney,
Australia). This period was divided into two 7-day
blocks (B1, pre-tournament preparation and B2,
tournament). Bl covered a 3-day national training
camp, international travel from New Zealand to
Australia, and one pre-tournament game. B2
covered the Asia Cup tournament, with six games
played in seven days. Training times were
scheduled between 10:00-12:00 pm and/or 4:00-
6:00 pm, with these times generally consistent
during B2. Game tip-off times were as follows:
Games 1 and 3, 11:00 am; Games 2, 4 and 5, 5:00
pm; and Game 6, 12:30 pm. The lead author
attended the competition as Performance Team
Lead, which allowed for direct communication
with athletes and facilitated administration of the
study questionnaires. Participants provided
wellness and mood data electronically (via a cloud-
based athlete management system) during the
prescribed period of 07:00-09:00 am on the days
identified in Figure 1, with the time required to
complete data entry less than 10 min.

Statistical Analysis

Data were collated for analysis using SPSS
Version 28 (IBM Corp, Armonk, NY) and
descriptive statistics were calculated for all
variables. To assist the interpretation of group and
individual mood profiles, all mood subscale scores
were converted into standard scores (T-scores)
using tables of normative data for female athletes
(Terry and Parsons-Smith, 2021). Pearson
correlations were used to quantify relationships
among indicators of wellness, mood subscale
scores, and performance measures. Multivariate
analysis of variance (MANOVA) was used to
compare mood scores across blocks, and effect
sizes (Cohen’s d) were calculated. Multiple
regression analysis was used to determine if
variance in individual performance could be
predicted from wellness and/or mood scores. The
alpha level was set at p < 0.05 for all analyses,
except for the univariate follow-up tests for
MANOVA, where a Bonferroni adjustment was
made to guard against a Type I error, resulting in
an adjusted alpha level of p < 0.008. Correlations
and effect sizes were interpreted in line with the
recommendations of Cohen (1992), where a
correlation coefficient (r) of 0.10, 0.30, and 0.50, was
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indicative of small, medium, and large effects,
respectively, and an effect size (d) of 0.20, 0.50, and
0.80, was indicative of small, medium, and large
effects, respectively.

Results

Table 1 shows the total number of
observations captured from the measures of
wellness, BRUMS, and performance. Analyses
were conducted at both a group level and an
individual level.

Wellness

Mean wellness indicators for the 12 team
members on each day are shown in Figure 2. All
indicators were rated on a 1-5 scale (except for
hours slept). It is apparent that most indicators
were rated at or either side of a ‘normal’ rating of
3. This also applied to the performance self-rating
(during training or game).

Sleep

Figure 3 shows the mean night retiring
times for the 12 athletes (A) and mean sleep
duration (B) over each 7-day block during the pre-
tournament preparation and during the
tournament. Retiring times demonstrated a high
level of within- and between-player variability.
Pre-tournament and tournament night mean
retiring times were 11:13 pm (+ 2:19 h) and 11:09
pm (+ 2:03 h), respectively. It is notable that most
of the team (10 players) were typically in bed prior
to midnight during the tournament. Mean sleep
duration during the pre-tournament preparation
and tournament was 8:07 h (+ 1:21) and 8:19 h (=
1:05), respectively. Notably, mean sleep duration
demonstrated a cluster during the tournament
(Figure 3B). Mean sleep duration ranged from 7:37
h (+ 0:49) on day 5 to 9:02 h (+ 1:47) on day 6, with
an overall mean of 8:13 h (£ 1:13). On 15 occasions
sleep duration was at or below the set minimum
sleep threshold of six hours, with 11 of these
occurring during the pre-tournament period.

Correlations among wellness indicators
are shown in Table 2. Significant positive
relationships were shown among sleep duration,
sleep quality, and recovery, and also among
recovery, readiness, soreness, and leg heaviness.
Feelings were positively correlated with energy.
Wellness indicators were significantly correlated
with self-rated performance. It should be noted
that self-rated performance included overall daily
performance in training and/or games.
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Mood

Mean scores for the whole 14-day period
(i.e., Bl and B2 combined) were significantly lower
than population norms for female athletes (Terry
and Parsons-Smith, 2021) on all subscales except
tension (tension: f = 1.29, p > 0.05; depression: f =
4.05, p < 0.001; anger: t = 4.03, p < 0.001; vigor: t =
6.80, p <0.001; fatigue: t =4.73, p <0.001; confusion:
t=6.15, p <0.001). This profile is shown in Figure 4
and is referred to as a submerged mood profile
(Parsons-Smith et al., 2017) as all subscale scores
are below the population mean, which is
metaphorically regarded as the water line.
Frequency distributions showed a very large
proportion of zero scores for some mood subscales,
in particular for anger (97.3%) and confusion
(90.8%).

MANOVA  showed a  significant
multivariate difference in mood scores between B1
and B2 (Wilks” A =0.841, Feo2=2.89, p = 0.01), with
higher scores for tension, vigor, and fatigue
reported during the preparation period than the
tournament period, and almost identical scores for
depression, anger, and confusion across the two
blocks of time. Applying a Bonferroni adjustment
to the alpha level for univariate analyses (0.05/6 =
0.008), none of the differences in subscale scores
reached statistical significance, although Cohen’s d
showed differences to be small-to-moderate in
magnitude for vigor, and moderate for tension and
fatigue.

Figure 5 shows changes in team mood
scores over time. Trendlines showed a steady
reduction over time for tension and vigor, and to a
lesser extent fatigue, whereas scores for
depression, anger, and confusion remained steady
except for a marked increase on Day 13, the day of
the semi-final game. The observed fluctuations did
not represent statistically significant changes.

Prediction of Overall Wellness and Preparedness from
Mood

Multiple linear regression showed that,
collectively, the six mood subscales scores (tension,
depression, anger, vigor, fatigue, confusion)
predicted 49.0% of the variance in wellness scores
(Fe92=14.74, p <0.001, 72 = 0.49). Lower depression
scores (f =-1.12 p < 0.001), lower confusion scores
(f =-1.28 p < 0.001), and higher vigor scores (f =
0.54, p < 0.001) were all significant predictors of
higher wellness scores. Multiple linear regression

also showed that the mood subscales scores
collectively predicted 46.8% of the variance in
preparedness scores (Fs92 = 13.51, p < 0.001, 2 =
0.47). Lower depression scores (§ =-1.08 p <0.001),
lower confusion scores (f =—-1.30 p < 0.001), lower
fatigue scores (f =-0.41 p <0.001), and higher vigor
scores (B = 0.41, p < 0.001) were all significant
predictors of higher preparedness scores.

Performance

Overall, the team won three games (vs.
Korea, Lebanon, Philippines) and lost three games
(vs. China, Japan, Australia) to finish 4t in the eight
team tournament, despite being ranked 5t in this
tournamant. Their best performance was a 66-64
victory in Game 1 over a team ranked 17 spots
above them in the FIBA world rankings. As a result
of their performances in the tournament, New
Zealand qualified for the final 16 team 2024 FIBA
Women's Olympic Qualification Tournament and
had one player selected to the tournament All-Star
Five.

Efficiency scores across all team members
ranged from -2 to 32 (M = 6.4 + 8.1). Multiple linear
regression showed that, collectively, the six mood
subscales scores (tension, depression, anger, vigor,
fatigue, confusion) predicted 26.0% of the variance
in efficiency scores (Fss=2.81, p = 0.02, r> = 0.26).
Higher tension scores (f = 0.78, p = 0.002), lower
fatigue scores (f =-0.51, p = 0.016), and lower vigor
scores (B = —0.36, p = 0.016) were all significant
predictors of higher efficiency scores. None of the
wellness indicators were significant predictors of
efficiency scores.

In terms of self-rated performance, mood
subscale scores collectively predicted 27.7% of the
variance in performance (Fs92=5.86, p < 0.001, 72 =
0.277). Low depression scores (f =-0.82, p <0.001),
high vigor scores (5 = 0.25, p = 0.011), and low
confusion scores (f = -1.19, p = 0.001) were all
significant predictors of self-rated performance.
Wellness indicators collectively predicted 34.9% of
the variance in self-rated performance (Fs1s9=10.63,
p <0.001, r2 =0.349). Higher readiness (f = 0.40, p <
0.001), higher energy (=0.24, p=0.017), and lower
leg heaviness (f = 0.22, p = 0.015) ratings were all
significant predictors of better self-rated
performance. There was no relationship between
self-rated performance and the objective
performance measure in the form of player
efficiency scores (r =-0.06, p = 0.66).
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Discussion

To our knowledge this is the first study to
adopt an interdisciplinary approach, bringing
together researchers with expertise in strength and
conditioning, sport science, sport psychology, and
mental health, to examine wellness, mood, sleep,
and performance indicators among an elite
women’s basketball team competing in a major
international tournament.

A prominent feature of the mood scores
was the very low scores reported by team
members, significantly lower than normative
scores for female athletes (Terry and Parsons-
Smith, 2021). Below average pregame scores for
tension, depression, anger, fatigue, and confusion
have typically been associated with successful
performances in sport (Beedie et al, 2000).
Furthermore, the submerged profile reported by
the team has been linked to successful performance
in sports that put a premium on remaining calm
and unemotional, such as shooting and archery (Li
et al., 2021). However, although the sport of

basketball requires extreme calmness at times,
such as when preparing to shoot a free throw, the
dynamic nature of the sport may require higher
levels of vigor than reported by the participants in
our study. The mean raw score for vigor prior to
the six games of the tournament was 5.06 on a scale
of 0-16. The four items in the vigor scale are lively,
energetic, active, and alert; a per item mean of 1.27.
This corresponds to the players feeling, on average,
only a little lively, energetic, active, and alert,
which is unlikely to be an optimal mindset for
basketball performance e. Research into mood
regulation strategies among athletes (Terry et al,,
2006) showed the most popular and effective
strategies to increase feelings of vigor on the day of
a competition were engaging in physical pre-
competition activities, listening to fast, upbeat
music, using sport-related imagery, focusing on
competition strategies, and using humor. Our
results suggest there is a case for providing elite
basketball players with pre-game performance
arousal strategies for regulating mood.

Table 1. Data capture during the investigation period.

Measure Items Days Submissions Data points
Wellness (ASRM) 8 14 168 1,344
Mood (BRUMS) 24 9 99 2,376
Self-rated performance 1 6 6
Efficiency score 8 6 48

Table 2. Correlations among wellness indicators for 12 team members (N = 168).

ASRM Qsi?l}i}:y S(;er es})) Readiness Recovery Feelings Energy Soreness Hef?viiess
Sleep (hrs) 0.55*
Readiness 0.54* 0.38*
Recovery 0.48* 0.29* 0.73*
Feelings 0.471 0.39t 0.61% 0.541
Energy 0.46" 0.34* 0.62* 0.57¢ 0.73%
Soreness 0.25* 0.08 0.51* 0.54* 0.15 0.26*
Leg Heaviness 0.14 0.05 0.40* 0.46" 0.11 0.21* 0.69*
Performance 0.30* 0.21* 0.53* 0.40* 0.43* 0.49* 0.22% 0.29*

Abbreviations. ASRM = Athlete self-reported measure. Note. Self-rated performance included
overall daily performance in training and/or games; *p < 0.001, * p < 0.01
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Figure 1. Schematic of the data collection timeline. B1, Block 1 (Pre-tournament preparation); B2,
Block 2 (Tournament).
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Figure 2. Mean (SD) for wellness and sleep across the 14-day investigation period during the
2023 FIBA Women's Asia Cup. (A) Sleep quality, Soreness, and Recovery;
(B) Energy, Feelings and Readiness.
ASRM, athlete self-report measure; G1, pool game 1; G2, pool game 2; G3, pool game 3;
G4, quarter-final; G5, semi-final; G6, bronze medal playoff
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Figure 3. Athlete self-reported mean night retiring time (A) and mean sleep duration (B) during
pre-tournament preparation period and tournament. Line in figure B represents the mean.
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Figure 5. Mood changes over the 14-day investigation period.

The group mean scores in the present
study share similarities with those reported by
Lane and Chappell (2001). In their study, group
mean scores for tension, depression, anger, fatigue,
and confusion were similarly below population
means (43 to 46t percentile) whereas mean vigor
scores were above the 50t percentile, reflecting an
iceberg profile, generally associated with good
athletic performance (Beedie et al., 2000). In the
present study, another clear feature of the group
mood scores was the steady reduction over time of
tension and vigor, and to a lesser extent fatigue.
Depression, anger, and confusion scores remained

steady throughout the tournament, except for
higher scores on the day of the semi-final game (vs.
Japan), a team ranked 20 places higher in the FIBA
World Rankings. Some of these mood trends could
be interpreted as sub-optimal, in that a pattern of
maintaining or even increasing vigor over the
course of the tournament whilst avoiding increases
in the other mood dimensions may be
advantageous. direct comparisons
between genders are challenging due to potential
differences related to biopsychosocial factors.

In terms of predicting performance, mood
scores, in particular tension, fatigue, and vigor

However,
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scores, predicted statistically significant 26.0% of
the variance in player efficiency scores, whereas
wellbeing indicators did not significantly predict
player efficiency. This level of predictive
effectiveness was higher than previously reported
(Lane and Chappell, 2001), where mood scores
predicted just 9% of overall performance variance
using a self-rating of performance. Mood scores,
especially for depression, vigor, and confusion,
predicted 27.7% of the variance in self-rated
performance. However, contrary to a recent meta-
analysis by Lochbaum et al. (2023), self-rated
performance was a relatively insensitive indicator,
given that the team’s best performance (Game 1)
was rated lower than a poorer performance in
Game 2 and was unrelated to objective
performance. The more objective efficiency scores,
which are used as a measure of basketball
performance (Hollinger, 2007; International
Basketball Federation, 2023), proved to be a more
sensitive indicator of performance. This highlights
the significant challenge of identifying suitable
measures of individual performance within team
sports. Some of the specific overall mood-
performance relationships ran counter to previous
findings. For example, higher tension scores and
lower vigor scores were associated with better
objective performance, whereas the opposite is
typically the case (Beedie et al., 2000; Lane and
Chappell, 2001). These results may possibly be
anomalous due to the small number of games
played or they may reflect idiosyncratic effects of
mood on performance for the participants
involved.

Sleep is recognized as a critical factor to
optimize athlete health, recovery, and performance
(Bird, 2013; Singh et al, 2021). However, sleep
disturbances prior to and during competition are
highly prevalent among athletes (Brauer, 2022),
and may negatively impact mood. An expert
consensus (Walsh et al., 2021) highlights that elite
athletes are particularly susceptible to sleep
insufficiency, characterized by habitual short sleep
duration (<7 h/night) and poor sleep quality (e.g.,
fragmented sleep). Such sleep disturbances can
negatively impact athlete health and immune
regulation, and result in increased daytime
sleepiness, reduced physical readiness, poor
cognitive processes (i.e., visual tracking, attention,
and mood), and suboptimal recovery; all of which
contribute to injury risk (Charest and Grandner,

2020). Importantly, the International Olympic
Committee (IOC) mental health consensus
statement (Reardon et al., 2019) refers to sleep as
not only a major contributor to athletic
performance, but as a fundamental feature of
athlete mental health and considers sleep health in
terms of sufficiency (i.e., at least 7 h/night for
adults). However, elite athletes have greater sleep
requirements given their exposure to heavy
periods of training and competition, and increased
travel demands.

In the current study, mean sleep duration
was 8:07 + 1:21 h during pre-tournament
preparation compared to 8:19 + 1:05 h during the
tournament. In comparison to professional female
players competing in the Australian Women's
National Basketball League (WNBL), this is similar
mean sleep duration to that reported by Dunican
and colleagues (2021). Notably, across the course of
the 14-day investigation period five players were
classified as habitual short sleepers, according to
Walsh et al. (2021). This is a significant
consideration in the context of the current study
given the effect of poor sleep health on recovery
and basketball performance (Mah et al., 2011;
Ochoa Lacar et al., 2022; Singh et al., 2021). While
several sport-specific and societal factors have
been reported to contribute to sleep insufficiency
in elite athletes (Brauer, 2022; Singh et al., 2021;
Walsh et al., 2021), shared room accommodation
during training camps and competition is a key
consideration. Such sleep environments may place
athletes at increased risk of poor sleep quality,
sleep insufficiency and potential sleep deprivation.
Sleeping in unfamiliar, shared room settings (i.e.,
athlete dorms or hotel rooms) can result in
significant disruption to sleep routines as athletes
adapt to a new sleep environment. This may
expose athletes to several unaccustomed sleep
environment factors, such as excessive levels of
light and noise, changes in room temperature,
unfavorable sleep surfaces (mattress and pillow
quality),
communication (bedtime stories). Such factors
may have contributed to the high within- and
between-player variability reported in sleep
duration and night retiring time in the current
study. Furthermore, another consideration is game
tip-off time. It is not uncommon for teams to arrive
two hours before game tip-off. This will impact
meal timing and sleep episodes. In this regard, the

increased screen time, and
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earliest game tip-off time was 11:00 am (Game 1
and 3) with the latest at 5:00 pm (Game 2, 4, and 5).
Athletes will schedule their morning sleep
awaking time and napping awake time with this in
mind.

Of major interest is the potential link
between sleep insufficiency and mood factors. In a
cross-sectional study of 1,041 elite athletes (35.5%
female), Andrade et al. (2019) found that among
the six mood factors, an increase in confusion,
fatigue, and tension with a decrease in vigor was
associated with poor sleep. This extends the earlier
work of Lastella et al. (2014) who reported
relationships among tension, sleep quality, and
sleep disruptions in marathon runners. Poor sleep
quality, sleep time, and waking at night were
negatively correlated with precompetitive sleep
quality. Our findings corroborate other studies that
also report relationships between sleep quality and
mood factors in elite athletes. Collectively, an
increase in negative mood factors leads to
worsening sleep quality whereas high vigor may
contribute to better sleep quality, and vice versa.
Sleep extension (Mah et al., 2011) and/or banking
sleep (Rupp et al., 2009) strategies are often used to
allow athletes to obtain increased sleep prior to
periods of anticipated sleep loss. This approach
involves scheduling longer sleep periods than
normal, and usually consists of a ‘protected sleep
window’ of 9-10 hours (Walsh et al., 2021). Athletes
in the current investigation specifically employed
sleep extension on days that did not involve an AM
training session. Coupled with sleep hygiene
education (Bird, 2013; Dunican et al., 2021), such
strategies offer athletes a practical means to reduce
sleep insufficiency associated with international
competition and may have implications for the
provision of sleep interventions.

When interpreting the findings, there are
potential  limitations = which  should  be
acknowledged. Firstly, the current study was a
team-based case series design. A typical national
basketball team competing at pinnacle
international tournaments includes 12 or fewer
players. As such, the small sample (n = 12) used in
our study requires consideration. Future studies
would benefit from including players from the
wider squad depth chart to gather baseline data.
Secondly, from a sleep perspective, the current
study focused on self-reported sleep duration and
sleep quality. Consequently, we cannot rule out
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that athletes may exaggerate their responses to
meet expectations. Furthermore, Power et al. (2023)
highlight that covariates, such as chronotype,
menstrual cycle, and sleep hygiene may influence
sleep health in female basketball players. While
sleep hygiene education and recommendations
(Bird, 2013; Dunican et al., 2021) were provided, we
did not control specific environment factors known
to affect sleep health (i.e., room temperature and
humidity, naps, and electronic device use and
screen time immediately before bedtime). Lastly,
no baseline data were collected prior to entering
the final national team training camp (Pre-
tournament preparation; Day 1 to 7). Conducting
ecological valid, real-world performance research
on elite athletes presents unique challenges, with
context-specific limitations. However, such
research is highly valuable for examining the
impact of intensified training and international
competition on elite female basketball players and
the implications for female athlete health and
performance more generally.

Conclusions

The present study investigated domains
related to wellness, mood, sleep, and performance
among elite female basketball players during
international competition. Collectively, the current
findings underscore the importance of
implementing targeted strategies to enhance sleep,
wellness, and positive mood among elite female
basketball players, particularly during the high-
stress period of international competition.
Interventions such as stress management, sleep
optimization techniques, emotional awareness and
mental wellness support may be vital in mitigating
competition-related stressors. This is a key
consideration as female athletes often experience
lower mental wellness compared to their male
counterparts (Pascoe et al., 2022), with sub-clinical
(undiagnosable) mental health symptoms such as
anxiety, depression, and mood disturbances
negatively impacting emotional wellbeing and
performance. By addressing these factors, teams
can help safeguard the mental health and overall
performance of female athletes both before and
during international competition.

http://www .johk.pl




by Stephen P. Bird et al. 173

Author Contributions: Conceptualization: S.P.B.; methodology: S.P.B. and P.C.T.; formal analysis: S.P.B.,
P.C.T.,, RL.P.-S. and R.K; investigation: S.P.B.; writing —original draft preparation: S.P.B. and P.C.T.;
writing—review & editing: S.P.B., P.C.T., R L.P.-5. and R K. All authors have read and agreed to the
published version of the manuscript.

ORCID iD:

Stephen P. Bird: 0000-0002-5607-3829

Renée L. Parsons-Smith: 0000-0002-3493-777X

Rachel King: 0000-0002-3302-0919

Peter C. Terry: 0000-0002-7018-4533

Funding Information: This research received no external funding.

Institutional Review Board Statement: This study was conducted following the principles of the Declaration
of Helsinki, and approved by the Human Research Ethics Committee of the University of Southern
Queensland (protocol code: #H21REA182; approval date: 01 September 2021).

Informed Consent: Informed consent was obtained from all participants included in the study.
Conflicts of Interest: The authors declare no conflict of interest.

Acknowledgements: The authors acknowledge the Basketball New Zealand Women'’s Senior national team
and thank the players, coaches, and support staff for their commitment and cooperation.

Received: 01 October 2024
Accepted: 15 January 2025

References

Andrade, A., Bevilacqua, G., Casagrande, P., Brandt, R., & Coimbra, D. (2019). Sleep quality associated with
mood in elite athletes. Physician and Sportsmedicine, 47(3), 312-317.

Beedie, C.]., Terry, P. C., & Lane, A. M. (2000). The Profile of Mood States and athletic performance: Two meta-
analyses. Journal of Applied Sport Psychology, 12(1), 49-68.

Biggins, M., Purtill, H., Fowler, P., Bender, A., Sullivan, K. O., Samuels, C., & Cahalan, R. (2021). Sleep, health,
and well-being in elite athletes from different sports, before, during, and after international competition.
Physician and Sportsmedicine, 49(4), 429-437.

Bird, S. P. (2013). Sleep, recovery and athletic performance: A brief review and recommendations. Strength
and Conditioning Journal, 35(5), 43-47.

Brauer, A. A. (2022). Prevalence and causes of sleep problems in athletes. Current Sleep Medicine Reports, 8(4),
180-186.

Charest, J., & Grandner, M. A. (2020). Sleep and athletic performance: Impacts on physical performance,
mental performance, injury risk and recovery, and mental health. Sleep Medicine Clinics, 15(1), 41-57.

Cohen, J. (1992). A power primer. Psychological Bulletin, 112(1), 155-159.

Cook, J. D., & Charest, J. (2023). Sleep and performance in professional athletes. Current Sleep Medicine Reports,
9(1), 56-81.

Duignan, C., Doherty, C., Caulfield, B., & Blake, C. (2020). Single-item self-report measures of team-sport
athlete wellbeing and their relationship with training load: A systematic review. Journal of Athletic
Training, 55(9), 944-953.

Dunican, I. C., Caldwell, J. A., Morgan, D., Stewart, A., & Eastwood, P. R. (2021). An education intervention in
a professional female basketball team and coaching staff improves sleep and alertness. Translational
Sports Medicine, 4(3), 419-427.

Articles published in the Journal of Human Kinetics are licensed under an open access Creative Commons CC BY 4.0
license.



174 Wellness, mood, sleep and performance in a women'’s national basketball team

Edwards, T., Spiteri, T., Piggott, B., Bonhotal, J., Haff, G. G., & Joyce, C. (2018). Monitoring and managing
fatigue in basketball. Sports, 6(1), 19.

Garcia, J., Ibanez, S. J., De Santos, R. M., Leite, N., & Sampaio, J. (2013). Identifying basketball performance
indicators in regular season and playoff games. Journal of Human Kinetics, 36, 161-168.

Hollinger, J. (2007, Apr 27). What is PER? ESPN. Retrieved July 25 2024 from
https://www.espn.com.au/nba/columns/story?columnist=hollinger_john&id=2850240

International Basketball Federation. (2023). FIBA Women's Asia Cup Division A Teams: New Zealand - Games and
Result Box Score. Retrieved 25 July 2024 from https://www fiba.basketball/en/history/305-fiba-womens-
asia-cup/208554/teams/new-zealand

Lane, A. M., & Chappell, R. C. (2001). Mood and performance relationships among players at the World
Student Games basketball competition. Journal of Sport Behavior, 24(2), 182-196.

Lane, A. M., Soos, I, Leibinger, E., Karsai, I., & Hamar, P. (2007). Validity of the Brunel Mood Scale for use
with UK, Italian and Hungarian athletes. In A. M. Lane (Ed.), Mood and Human Performance: Conceptual,
Measurement, and Applied Issues (pp. 119-130). Nova Publishers.

Lastella, M., Lovell, G. P., & Sargent, C. (2014). Athletes' precompetitive sleep behaviour and its relationship
with subsequent precompetitive mood and performance. European Journal of Sport Science, 14(supl),
5123-5130.

Li, P, Lu, Q., Wy, Q,, Liu, X,, & Wu, Y. (2021). What makes an elite shooter and archer? The critical role of
interoceptive attention. Frontiers in Psychology, 12, 666568.

Lochbaum, M., Sisneros, C., Cooper, S., & Terry, P. C. (2023). Pre-event self-efficacy and sports performance:
A systematic review with meta-analysis. Sports, 11(11), 222.

Mah, C. D., Mah, K. E,, Kezirian, E. J., & Dement, W. C. (2011). The effects of sleep extension on the athletic
performance of collegiate basketball players. Sleep, 34(7), 943-950.

Marcora, S. M., Staiano, W., & Manning, V. (2009). Mental fatigue impairs physical performance in humans.
Journal of Applied Physiology, 106(3), 857-864.

Mason, J., Stewart, A., Kniewasser, C., & Zech, A. (2022). Tracking sleep in the field: sleep quality and sleep
behaviours of elite track and field athletes during preparation and competition. Journal of Sports Sciences,
40(24), 2741-2749.

Moen, F., Olsen, M., Halmey, G., & Hrozanova, M. (2021). Variations in elite female soccer players' sleep, and
associations with perceived fatigue and soccer games. Frontiers in Sports and Active Living, 3, 694537.

Moore, L. S, Crossley, K. M., Bo, K., Mountjoy, M., Ackerman, K. E., da Silva Antero, ]J., Borgen, ]. S., Brown,
W.]., Bolling, C. S., Clarsen, B., Derman, W., Dijkstra, P., Donaldson, A., Elliott-Sale, K. J., Emery, C. A.,,
Haakstad, L., Junge, A., Mkumbuzi, N. S., Nimphius, S., . . . Verhagen, E. (2023). Female athlete health
domains: A supplement to the International Olympic Committee consensus statement on methods for
recording and reporting epidemiological data on injury and illness in sport. British Journal of Sports
Medicine, 57(18), 1164-1174.

Morgan, W. P., Brown, D. R., Raglin, J. S., O'Connor, P. J., & Ellickson, K. A. (1987). Psychological monitoring
of overtraining and staleness. British Journal of Sports Medicine, 21(3), 107-114.

Ochoa Lacar, J., Singh, M., Bird, S. P., Charest, ], Huyghe, T., & Calleja-Gonzalez, ]. (2022). How sleep affects
recovery and performance in basketball: A systematic review. Brain Sciences, 12, 1570.

Parsons-Smith, R. L., Terry, P. C., & Machin, M. A. (2017). Identification and description of novel mood profile
clusters. Frontiers in Psychology, 8, 1958.

Pascoe, M., Pankowiak, A., Woessner, M., Brockett, C. L., Hanlon, C., Spaaij, R., Robertson, S., McLachlan, F.,
& Parker, A. (2022). Gender-specific psychosocial stressors influencing mental health among women
elite and semielite athletes: A narrative review. British Journal of Sports Medicine, 56(23), 1381-1387.

Power, C. J., Fox, J. L., Teramoto, M., & Scanlan, A. T. (2023). Sleep patterns fluctuate following training and
games across the season in a semi-professional, female basketball team. Brain Sciences, 13(2), 238.

Reardon, C. L., Hainline, B., Aron, C. M., Baron, D., Baum, A. L., Bindra, A., Budgett, R., Campriani, N.,
Castaldelli-Maia, J. M., Currie, A., Derevensky, J. L., Glick, I. D., Gorczynski, P., Gouttebarge, V.,
Grandner, M. A., Han, D. H., McDuff, D., Mountjoy, M., Polat, A., . . . Engebretsen, L. (2019). Mental
health in elite athletes: International Olympic Committee consensus statement (2019). British Journal of
Sports Medicine, 53(11), 667-699.

Journal of Human Kinetics, volume 96, February 2025 http://www.johk.pl




by Stephen P. Bird et al. 175

Rupp, T. L., Wesensten, N. |, Bliese, P. D., & Balkin, T. J. (2009). Banking sleep: Realization of benefits during
subsequent sleep restriction and recovery. Sleep, 32(3), 311-321.

Russell, S., Jenkins, D. G., Halson, S. L., Juliff, L. E., & Kelly, V. G. (2022). How do elite female team sport
athletes experience mental fatigue? Comparison between international competition, training and
preparation camps. European Journal of Sport Science, 22(6), 877-887.

Saw, A. E., Main, L. C., & Gastin, P. B. (2015a). Monitoring athletes through self-report: Factors influencing
implementation. Journal of Sports Science and Medicine, 14(1), 137-146.

Saw, A. E., Main, L. C,, & Gastin, P. B. (2015b). Role of a self-report measure in athlete preparation. Journal of
Strength and Conditioning Research, 29(3), 685-691.

Saw, A. E., Main, L. C., & Gastin, P. B. (2016). Monitoring the athlete training response: Subjective self-reported
measures trump commonly used objective measures: A systematic review. British Journal of Sports
Medicine, 50(5), 281-291.

Singh, M., Bird, S. P., Charest, ], Huyghe, T., & Calleja-Gonzalez, J. (2021). Urgent wake up call for the National
Basketball Association. Journal of Clinical Sleep Medicine, 17(2), 243-248.

Taylor, K.-L., Chapman, D. W., Cronin, J. B., Newton, M. J., & Gill, N. (2012). Fatigue monitoring in high
performance sport: A survey of current trends. Journal of Australian Strength and Conditioning, 20(1), 12—
23.

Terry, P. C,, Dinsdale, S. L., Karageorghis, C. L., & Lane, A. M. (2006). Use and perceived effectiveness of pre-
competition mood regulation strategies among athletes. Proceedings of the 2006 Joint Conference of the
Australian Psychological Society and the New Zealand Psychological Society, Auckland, New Zealand.

Terry, P. C,, Lane, A. M., & Fogarty, G.]J. (2003). Construct validity of the Profile of Mood States - Adolescents
for use with adults. Psychology of Sport and Exercise, 4(2), 125-139.

Terry, P. C., & Parsons-Smith, R. L. (2021). Mood profiling for sustainable mental health among athletes.
Sustainability, 13(11), 6116.

Walsh, N. P., Halson, S. L., Sargent, C., Roach, G. D., Nédélec, M., Gupta, L., Leeder, J., Fullagar, H. H., Coutts,
A. ], Edwards, B. J., Pullinger, S. A., Robertson, C. M., Burniston, J. G., Lastella, M., Le Meur, Y.,
Hausswirth, C., Bender, A. M., Grandner, M. A., & Samuels, C. H. (2021). Sleep and the athlete:
Narrative review and 2021 expert consensus recommendations. British Journal of Sports Medicine, 55(7),
356-368.

Articles published in the Journal of Human Kinetics are licensed under an open access Creative Commons CC BY 4.0
license.



