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Does a self-reported sleep duration reflect actigraphy reported sleep duration in

female football players?

Julie Gooderick, Toby Wood, Will Abbott, Mark Hayes and Neil Maxwell

School of Sport, University of Brighton, Eastbourne, UK

ABSTRACT

Sleep is often compromised in female athletes, and the monitoring of female athletes' sleep is an
important preventative and educational tool. With self-reporting of sleep common practice for athletes
as part of a daily wellness assessment, there is a need to understand whether sleep indices are being
reported accurately, and thus whether self-report data are useful. This study aimed to compare the
agreement between self-reported and actigraphy reported sleep duration in female football players, with
the intention of informing best practice for athlete monitoring. Twenty-two female footballers (mean age
19.5 + 1.3 years) provided a daily self-report across 7 days, whilst also wearing an actigraph across the
same testing period. Agreement between the two measures was assessed using Bland-Altman limits of
agreement, with acceptable limits of agreement defined as <30 minutes. Results showed evident dis-
agreement between the two methods, with a mean bias of —0.54 (32 min, 95% Cl —0.66 to —0.43) and
a potential disagreement range of over 2 h (Lower 95% limits of agreement —1.49 to upper 95% limits of
agreement 0.40). Coaches using self-reported sleep durations as a monitoring tool for female footballers
should interpret the results with caution and be aware of the potential for inaccuracies in this measure. As
such, where possible, coaches should consider other methods of sleep monitoring, rather than solely
relying on a self-report, to ensure they are operating with optimal practice within situational constraints.
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Introduction

Success in sport is underpinned by optimal preparation and
recovery (Juliff et al. 2015). With sleep being highlighted by
Halson (2013) as the single most important recovery strategy
available to an athlete, the accurate monitoring of sleep is
crucial to optimise recovery status, and thus, performance.
Short sleep has been shown to negatively affect sports-
specific skills, coordination, mood, rating of perceived exertion
and injury risk (Mah et al. 2019; Walsh et al. 2021; Costa et al.
2022); therefore, identifying athletes experiencing regular sleep
debt is of paramount importance for both performance and
athlete wellbeing, and thus, sleep must be monitored. Sleep is
often compromised in athletes due to enforced training times,
competition scheduling, travel, stress or physiological arousal
in the evening (Nédélec et al. 2012; Halson 2014), with female
athletes being at particular risk of sleep issues (Walsh et al.
2021). Athletes are particularly susceptible to short sleep dura-
tion, with a recent systematic review finding the mean sleep
duration of over 1860 athletes, was 7.2+ 1.1 h per night
(Vlaihoyannis et al. 2021); a duration lower than recommenda-
tions from recent studies, which suggest athletes need 7.9
h (Morita and Sasai-Sakuma 2021) and 8.3 h (Sargent et al.
2021) in order to report satisfaction with their sleep. Sleep
duration is a factor which contributes to the perception of ‘a
good nights’ sleep’ (Ogeil et al. 2021).

With as many as 50-78% of elite athletes reporting sleep
disturbance and 22-26% of athletes suffering highly disturbed
sleep (Samuels 2008; Swinbourne et al. 2016; Gupta et al. 2017),

the accurate reporting of athlete sleep data is paramount to
ensure early intervention and prevention of performance
degradation. Early work by Reilly and Piercy (1994) demon-
strated a significant reduction in maximal bench press and
deadlift following sleep deprivation (3 h per night sleep allow-
ance). Sleep deprivation in athletes has been shown to result in
reductions in the following parameters: sprint times (Skein et al.
2011), countermovement jump performance (Skein et al. 2013),
grip strength (Souissi et al. 2013), cognitive performance
(Fullagar et al. 2015) and sports performance (Reyner and
Horne 2013; Sinnerton and Reilly 2013). Findings from
a systematic review of 69 publications on the effects of sleep
loss on physical performance (Craven et al. 2022) suggested
a negative impact of sleep loss on exercise performance, high-
lighted the need for robust monitoring of athletes’ sleep.

Across a sample of 207 male athletes and 215 female ath-
letes, Kawasaki et al. (2020) found females were more likely to
have poor sleep, which could be attributed to lifestyle factors
and hormonal changes throughout the menstrual cycle.
Research around how sleep factors are affected by the MC are
inconclusive — most likely due to the level of intra and inter-
individual variation of the MC (Elliott-Sale et al. 2021).

Whilst the importance of sleep to recovery and perfor-
mance seems clear (Fullagar et al. 2015), the best practice
to monitor sleep within an athletic population is more con-
troversial. There is currently no ‘standardised’ practice in
sleep monitoring of athletes (Halson 2019) and the monitor-
ing of choice is often largely determined by the practitioners’
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interpretation of best practice. Polysomnography (PSG) is
considered the gold standard method for monitoring sleep
(Van De Water et al. 2011), a measure which detects sleep via
brain-wave activity rather than motion. However, PSG is an
expensive, lab-based measure, also potentially impractical
and disruptive for sleep tracking purposes (Caia et al. 2018;
Halson 2019). Therefore, a common method for the monitor-
ing of athletes’ sleep is to use actigraphy devices. One of the
primary benefits of actigraphy-based sleep monitoring is that
data can be collected over multiple nights in the participants’
usual sleep environment, which has been demonstrated to
provide more reliable estimates of sleep compared to one or
two nights in a sleep laboratory (Blackwell et al. 2008; Rupp
and Balkin 2011), as well as giving the data high ecological
validity. Actigraphy has been compared against PSG in multi-
ple populations (Sadeh et al. 1994; de Souza et al. 2003;
Meltzer et al. 2012), including athletes (Sargent et al. 2016).
Concordance between PSG and actigraphy appears good,
with previous work yielding agreement in the range of 78-
95% (Kushida et al. 2001).

Self-reporting can be defined as an individual’s’ own report
of their perspectives, behaviours or beliefs (Stone et al. 1999)
and self-reporting of sleep is commonly used within an athletic
population. Both the use of both validated questionnaires
(Buyssee et al. 1989) and simple questions, often utilising
Likert scales (Sargent et al. 2021), are commonplace for the
monitoring of athletes' sleep (Halson 2019). Recent research
has employed the use of short questions (Caia et al. 2018;
Sargent et al. 2021) to provide self-report measures, likely due
to the lesser time commitment from the athlete, and the fact
that many athletes within an elite setting are habitually answer-
ing these types of questions daily as a requirement for daily
wellness monitoring. It must be established, however, whether
these self-report measures are accurate and therefore provid-
ing meaningful data. In some circumstances, access to objec-
tive measures may be limited by funding or availability,
therefore it must be established whether self-reported mea-
sures can provide accurate and reliable estimates of sleep
factors. Self-reported measures are significantly less expensive
to administer and are potentially less time-consuming in the
process of data analysis, compared to other measures (Saw
et al. 2016). In a systematic review of 56 studies comparing self-
report and objective reporting of athlete recovery status, Saw
et al. (2016) summarised that subjective self-reported measures
provided superior sensitivity and consistency compared to
objective measures. They concluded self-reported measures,
used on a regular basis, are useful to reflect changes in athlete
wellbeing and that coaches should employ self-report mea-
sures with confidence. However, the use of self-report ques-
tionnaires may be affected by response bias, with data
interpretation potentially affected by the lack of standardised
data for athletes (Zhang et al. 2022). Despite these potential
issues, self-report measures are widely used for monitoring
athletes in high-performance sport (Taylor et al. 2012), with
many daily wellness questionnaires incorporating questions
regarding sleep factors (Brown et al. 2021).

Kolling et al. (2016) compared actigraphy reporting and self-
reporting of sleep duration for 72 physical education students
(32 females); they demonstrated good agreement between the

two measures for sleep duration (ICC=0.90 to 0.92). Sub-
analyses were not done to understand any potential differ-
ences in reporting between the sexes, demonstrating a gap in
understanding of the reporting of female athlete sleep. There is
a paucity of information on the validity and reliability of self-
reported sleep measures compared to objective sleep mea-
sures in female athletes and this study would endeavour to
be the first. With the intention to examine the usefulness of
sleep questions within daily wellness questionnaires, this study
aims to compare the agreement between self-reporting and
actigraphy reporting of sleep duration in female football
players, thus informing best practice for athlete monitoring.
Based on comparable reports in a male athlete population, it
was hypothesised that there would be good agreement
between the two methods for both sleep durations.

Method
Participants

A convenience sample of 22 female football players volun-
teered to take part. All participants (mean age 19.5+1.3
years) were part of the U21 squad at their football clubs and
played regularly in the Women'’s Super League (WSL) Academy
League. Prior to the commencement of the study, all partici-
pants were informed of study requirements and gave informed
consent. Participants were excluded if they reported a pre-
existing sleep disorder, had a menstrual cycle outside the
range of 21-35days or did not give informed consent.
Institutional ethical approval was issued (protocol number
2022-10035) in accordance with the Declaration of Helsinki
1964 (revised 2013). Prior to the testing period, participants
were asked to wear an actigraphy device for 7 days to collect
baseline sleep data; no outliers were identified during this
familiarisation period. Throughout the whole data collection
period, participants were advised to maintain their normal
sleep routines, and slept in their usual, home-based environ-
ment. During the 7 days of data collection, participants com-
peted their usual on-pitch training (mean 10.7 +1.5 h) and
gym-based training (mean 3.0+ 0.9 h). Sixteen players took
part in one match, whilst six players did not take part in any
matches during this period.

Experimental design

A repeated measure design across 7 days was used to assess
the agreement between self-reporting and actigraphy report-
ing of sleep duration and sleep quality parameters. Given the
potential for seasonal adjustment of sleep patterns (Allebrandt
et al. 2014), it should be noted that data was collected during
the month of October.

Actigraphy sleep assessment

Baseline sleep data was collected for 7 days, which served an
additional purpose of familiarisation. Following baseline data
collection, participants were asked to wear an actigraphy
device (ActiGraph GT9X, Florida, USA) for a duration of further
seven nights. Devices were set to collect data in 1-min epochs,



Table 1. Sleep durations (hours) recorded using actigraphy and self-report.
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Day

1 2 3
Actigraphy 6.71 = 1.11 6.72 = 1.00 6.83 + 0.63
Self-report 743 +1.16 7.30 £ 0.85 745+ 0.58

4 5 6 7
6.63 + 1.14 6.36 + 0.89 6.67 + 0.58 6.53 + 0.55
7.04 £ 1.08 6.80 = 0.70 7.18 £0.72 7.05 + 0.46

and participants were instructed to wear the devices on their
non-dominant wrist, only removing them for matches through-
out the testing period.

Subjective sleep assessment

Across the same monitoring period, participants were asked to
give a self-repoted sleep duration on Microsoft Forms, first
thing upon waking, as demonstrated by Caia et al. (2018):

(1) Please give an estimate of your sleep duration (how long
you slept for (hh:mm))

Participants were sent a reminder to complete this via a group
text message from coaches, as such, the completion rate was
100%. All participants were familiar with this question and were
habitually completing this daily as a requirement from their
clubs. At the end of the monitoring period, self-report for each
night was compared with actigraph data of the same night for
each participant.

Statistical Analyses

Descriptive statistics (mean + SD) were calculated for daily for
each method, with % CV used to present dispersion around the
mean. Estimates of reliability and agreement between objec-
tive and subjective measures of sleep were computed. All of the
above were calculated using the ‘SimplyAgree’ package
(Caldwell 2022; https://doi.org/10.21105/joss.04148) in R (R
core team, 2020). Limits of Agreement plots (plotting the
mean against the difference of the measures) were used to
estimate the range within which differences between the mea-
surements lie; Bland and Altman (2007) suggested this to be
the most appropriate method for determining agreement
between methods with multiple observations, thus maintain-
ing within subject variation. Repeated assessments were taken
into account in the estimation of limits of agreement by incor-
porating within-subject variation to reduce the risk of produ-
cing limits of agreement that are too narrow and therefore
estimating higher agreement between measures than is true
(Bland and Altman 2007). Repeats of objective and subjective
sleep measurement were assumed to vary within participants
across days (Bland and Altman 2007; Zou, 2013), with limits of
agreement estimated based on methods accounting for such
nested, ‘non-constant’ contexts using the ‘agree_nest’ function
(Bland and Altman 2007; Caldwell 2022). Assumptions relating
to the normal distribution of residuals, heteroscedasticity and
proportional bias were checked and verified through visual
inspection of the plots produced using the ‘check’ function
within the ‘SimplyAgree’ package (Caldwell 2022). The agree-
ment between the two methods was subsequently visually
represented.

If measurements with the two methods are similar, the differ-
ences between them will be small, with an average near zero, they
will be consistent over the range of measurement values, and the
limits of agreement will be narrow (Abu-Arafeh et al. 2016). There
is a paucity of research presenting either acceptable limits of
agreement within this cohort, or minimal clinically important
differences, however in line with available evidence in other
populations (Werner et al. 2008; Meltzer et al. 2012), limits of
agreement of <30 min were considered acceptable. Reporting of
the Bland-Altman analysis has been aligned with considerations
listed by Abu-Arafeh et al. (2016).

Results

A total of 308 observations were collected from n =22 partici-
pants (154 actigraph, 154 self-report) across a 7-day period. The
mean sleep duration across the investigated days using acti-
graphy was 6.63 £0.87 h. Computed coefficient of variation
(CV) indicated that duration of sleep as measured through
actigraphy varied by 10.9% across the investigated period.
The subjective assessment of sleep duration yielded a mean
of 7.18 £ 0.84 h, with a CV of 9.64% across the studied duration,
on average, for each participant (Table 1).

A limits of agreement plot were generated (Figure 1) and
demonstrated that 95% of the actigraph scores were between
1.49 lower and 0.40 greater than self-report.

Analysis of the self-report vs actigraphy reported sleep duration
demonstrated a mean bias of —0.54 h (95% Cl—-0.66 to —0.43)
meaning there was a tendency for participants to overestimate
their self-reported sleep duration by 32 min. With the limits of
agreement ranging from +24 min to —90 min, true differences
between objective and self-reported measurements for 95% of
pairs of future sleep observations are expected to be as high as 2
h. Accordingly, our findings suggest self-reported measurements
of sleep may lack justification as interchangeable to actigraphy-
based tracking.

Discussion

This study aimed to assess measurement agreement between
self-reported and actigraphy reported sleep duration for sleep
tracking in female footballers, with the intention to determine
whether a self-report of this factor could be considered valid
and useful. Bland-Altman analysis demonstrated clear disagree-
ment between the two methods, with a mean bias of —0.54 (32
min), and the width of the limits of agreement spanning almost
more than 2 h. Therefore, the two measures did not meet
earlier defined acceptable limits of agreement of <30 min. de
Zambotti et al. (2015) suggested even if data comply with
defined acceptable limits, the determination of clinical useful-
ness should also take into account the dispersion of discrepan-
cies (upper and lower limits of agreement) rather than solely
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Upper 95% LoA = 0.40 (95% CI. 0.26 to 0.61)
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Mean bias = -0.54 (95% CI: -0.66 to -0.43

Actigraph - Self-report Assessment of Sleep Duration (hrs)
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Lower 95% LoA =-1.49 (95% Cl:-1.69t0-1.34

*

Mean Sleep Duration (hrs): (Actigraph + Self-report Assessment)/2

Figure 1. Limits of agreement plot comparing actigraph reported sleep duration and self-reported sleep duration. Red-dashed line and error bar represents the pre-defined

acceptable range of agreement (=15 min to +15 min).

the average of the discrepancies. Given the large agreement
range within the present study, considering this factor gives
greater confidence towards the measures in the current study
presenting in evident disagreement, suggesting that self-
reported sleep durations for female athletes may not be pro-
viding useful or meaningful data. Determining athletes’ sleep
duration is a key component of athlete monitoring; an inaccu-
rate answer could mean that adjustments to subsequent train-
ing routines could be unnecessary or illogical, whilst
equivocally, in the absence of accurate data, necessary adjust-
ments may be missed.

Previous research on non-athletic cohorts has demonstrated
poor agreement between self-reported and actigraphy
reported sleep duration (Billings 2022). Similarly, Jackowska
et al. (2016) reported weak association between self-reported
and actigraphy reported sleep durations amongst women
(non-athletes), mean age 26 +4.9. However, previous research
comparing self-reported and actigraphy reported sleep para-
meters on athletic cohorts are sparse. Caia et al. (2018) investi-
gated this research question with male rugby players reporting
a large, positive correlation (r = 0.85) between self-reported and
actigraphy reported sleep duration. However, statistical issues
limit the interpretation and comparison to the present study, as
statistical correlation does not necessarily indicate good agree-
ment between methods, simply the shared variance between
measures (Giavarina 2015); additionally, the authors of the
aforementioned study have used between-subjects correla-
tions, despite examining repeated measures data. The present

study is novel in its approach, addressing previous methodolo-
gical errors in prior publications, by using the more appropriate
Bland-Altman analysis for repeated measures, as well as provid-
ing novel insights into the usefulness of self-reported sleep
duration for female athletes.

Results showed a tendency for players to overestimate their
sleep duration with a mean bias of 32 min. One reason for such
overestimation could perhaps be attributed to conscious bias,
with athletes potentially keen to report more favourable
responses (Saw et al. 2015; Halson 2019). Considering the
mean bias and the large disagreement range within this female
athlete cohort, relying on a self-reported sleep duration to
provide meaningful monitoring of female athletes may be
considered as problematic, potentially leading to a lack of
appreciation for the athlete operating with repeated short
sleep, or in a state of partial sleep deprivation. Physiologically,
neural changes can be observed when operating in a state of
partial sleep deprivation, with reductions in functional MRI
signal in the dorsolateral prefrontal cortex and intraparietal
sulcus evident whilst performing attentional tasks (Krause
et al. 2017). Previous research has demonstrated the beha-
vioural manifestations of such neural changes with athletes
incurring reduced reaction time, focus, psychomotor perfor-
mance, determination, and vigilance (Davenne 2009; Edwards
and Waterhouse 2009; Underwood 2010) in response to lack of
sleep. Early identification of sleep loss or mounting sleep debt
is of paramount importance in the prevention of negative
performance and health impacts, thus this study highlights
the need for methods beyond solely self-reporting of sleep



durations to be employed, where possible, for female footbal-
lers, to accurately determine sleep status, prevent potential
performance degradation and in the proactive prevention of
habitually poor sleep.

In this investigation, menstrual cycle was monitored for
cycle length within inclusion criteria. However, a potential lim-
itation of this study was the fact that the menstrual cycle phase
was not controlled for during the testing period, and many
participants may have been at different phases of their cycles.
Menstrual cycle phases may affect sleep variables (Baker and
Driver 2007) and thus potentially, both the subjective interpre-
tation of sleep factors and the actigraph report. Elliott-Sale et al.
(2021) states when a study is not examining direct effects on
the menstrual cycle on an outcome, a description of the popu-
lation is solely relevant. However, not controlling for cycle
phase may also be viewed as a strength of the study, as the
results are representative of females at varying points of their
cycle thus indicative of a wider representation of the data.

During the process of data collection, it is feasible that
participants felt a pressure to perform, which could have
affected the self-reported data. Additionally, Kuosmanen et al.
(2022) noted the potential for sleep monitoring and wearing
sleep tracking devices to provide an additional stress, which
may have skewed results. The use of collecting baseline data in
this instance, not only served as establishing sleep norms for
each participant but also could have had the additional benefit
of familiarisation and mitigation of the aforementioned factors.
Although the testing period in this study was comparable with
previous research, which ranged from 3 days (Kélling et al.
2016) to 10 days (Caia et al. 2018), further prevention of these
issues could be done via a longer testing period.

Practical applications and limitations

Coaches using a self-report of sleep duration as part of daily
athlete monitoring should be interpreting the results with cau-
tion. With issues in the accuracy of self-reported sleep durations
in this cohort, coaches should be aware of the potential mis-
information they may be receiving regarding athletes’ sleep
status, the subsequent risk of implementing potentially misin-
formed programme adjustments based on this data, or missing
key information which could affect their athletes' health and
performance. As such, coaches should consider other methods
of sleep monitoring, rather than solely relying on a self-report,
to ensure they are operating with optimal practice within situa-
tional constraints. Although many studies have compared acti-
graphy with concurrent polysomnography reporting high
correlations, this study did not include internal validation of
the actigraphs used, which could be a potential limitation with
regard to the validity of the data. Although this study chose not
to control for menstrual cycle phase, further research may be
directed towards the comparison of self-reported and actigra-
phy reported sleep data during different phases of the men-
strual cycle, with a view to offering a more detailed analysis of
the accuracy of self-reporting at various points throughout the
monthly cycle. Finally, the sample size used may not have been
adequate (Lu et al. 2016), yet was limited due to players’ avail-
ability. As such, the study would benefit from being repeated
with a more appropriate sample size.
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