
 

European Journal of Adapted Physical Activity 2022, 15, 3; doi: 10.5507/euj.2021.014 eujapa.upol.cz 

Article 

Sleep habits, quality and chronotype of 
Paralympic athletes  
Dekkel Bachar 1,2, Davidah Koseff2, Osnat Fliess Douer 2,3  

Received: 9th September 2020; Accepted: 30th November 2021; Published: 14th February 2022 

Abstract: This study aimed to understand the sleeping habits of Israeli Paralympic 

Athletes as a pre-intervention stage to implement sleep hygiene programs. The 

Pittsburgh Sleep Quality Index questionnaire was used to assess sleep quality. The 

Epworth Sleepiness Scale was used to determine sleepiness throughout the day. 

Chronotype was detected using the Horne and Östberg Questionnaire. Para-

athletes who were expected to represent Israel at the Tokyo 2020 games were 

approached via email. The surveys were collected online between April and August, 

2018. Para-athletes (n = 52, male = 32, female = 20, mean age = 31.2y, SD = 11.9, 

from 13 different sport disciplines) completed the online surveys. One-way ANOVA 

test was used to compare sleep efficiency between the sleepy and non-sleepy groups. 

MANOVA test was performed to evaluate differences between sleep efficiency, 

daytime dysfunction and latency between the good and poor sleep quality groups. 

Non-parametric tests were conducted to analyze the association between the results 

of the three questionnaires and each sample characteristics. Under a third (31%, 

n=16) of the athletes slept between 6.5 to 7 hours per night, and a further 29% 

(n=15) slept less than 6 hours. From the MANOVA analysis, athletes with poor sleep 

quality had statistically significantly lower sleep efficiency (p = .028, F(1,50) = 5.11, 

medium effect size: 𝜂
𝑝
2 = .093), greater daytime dysfunction (p < .001, F(1,50) = 

14.19, large effect size: 𝜂
𝑝
2 = .221), and greater sleep latency (p < .001, F(1,50) = 

15.08, large effect size: 𝜂
𝑝
2 = .232), than athletes with good sleep quality. Of the 

athletes, 33% reported having ‘moderate to excessive daytime sleepiness’, 46% did 

not train at times that match their chronotype. The results of this study may aid in 

planning effective intervention methods to improve athletes’ sleep quality. 

Keywords: Para-athlete; Sleepiness; Sleep questionnaires; Tokyo 2020  
 

Introduction 

Sleep has been recognized as a significant component in athlete training regime, and it 

is suggested to be one of the most effective recovery strategies available to athletes 

(O'Donnell et al., 2018). Although there is a large body of research available about sleep 

among “able-bodied” athletes, in the Paralympic field, this topic has not been sufficiently 

researched thus far. Elite athletes, both Olympians and Paralympians, are presumed to face 

similar issues regarding their sleeping habits, especially prior to major competitions (Juliff 

et al., 2015). Sleep is a reversible behavioural state where an individual is disengaged and 

unresponsive to his or her external environment. Sleep can drastically improve athletic 

performance and recovery (Halson, 2014). Athlete performance is generally defined as goal-

directed behaviour that requires physical and mental effort (Halson, 2014). The study of 
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Paralympic athletes can add to the existing knowledge focusing on the sleep habits of elite 

athletes, as there are various other factors impacting their sleep patterns. These factors 

include, amongst others, accessibility, transport and communication challenges, and pain 

caused by health conditions hindering training schedules (Rodrigues et al., 2017). On 

average, an individual’s night sleep is divided into 90-minute cycles split by periods of non-

rapid-eye-movement (NREM) states and rapid-eye-movement (REM) (Fullagar et al., 2015). 

NREM sleep assists with energy conservation and nervous system recuperation (Fullagar et 

al., 2015). NREM sleep is subdivided into 3 phases. Each phase represents the relative depth 

of sleep and offers particular characteristics in the brain wave and muscle tones (Brinkman 

et al., 2020). REM sleep is associated with higher cognitive activity. It is anatomically 

identified by muscle atonia, periodic brain activation, localized recuperative processes, and 

emotional regulation. REM (the dreaming phases) is defined by the American Academy of 

Sleep Medicine, as “the stage of sleep with the highest brain activity, characterized by 

enhanced brain metabolism and vivid hallucinatory imagery or dreaming” (American 

Academy of Sleep Medicine, 2001, p.349). Sleep has a direct impact on individual 

physiological and psychological ability and development regarding daily tasks and athletic 

performance (Fullagar et al.,  2015). When asleep, 95% of the daily production of growth 

hormones are released during the NREM sleeping stage, meaning that this is the most 

critical time for the body to actively repair and restore itself (O’Donnell et al., 2018). During 

the REM phase, memory consolidation and the learning of motor skills are developed. Due 

to the nature of sport and high performance, athletes require high levels of cognitive demand 

in addition to constant and consistent motor learning to ultimately succeed. Therefore, the 

REM phase is a critical time for the athletes to develop their cognitive skills, and this will 

significantly impact their performance (O’Donnell et al., 2018). 

The term sleep efficiency is often defined as the ratio between total time asleep and the 

time spent in bed (Reed & Sacco, 2016). When assessing the sleep efficiency of an athlete 

three primary factors are taken into consideration; sleep length (total sleep duration; 

hours/night, plus naps), sleep quality (i.e., the experience and perceived adequacy of sleep), 

and sleep phases (circadian timing of sleep) (Fullagar et al., 2015; Doherty et al., 2019). 

Halson (2014) describes some of the major issues that impact sleep efficiency in athletes as, 

unusual surroundings, noise, nervousness before competition, poor routine that could be 

caused by early or late training, and competition times. Poor sleeping habits can include the 

use of technology before bed, nocturnal waking to use the restroom, caffeine, and excessive 

overthinking. These issues can negatively impact both their mental and physical health, and 

have significant consequences on the quality and time of athletes’ post-performance 

recovery (Fullegar et al., 2015). ‘Sleep quality’ is defined as the quantitative measures of 

sleep, including sleep duration, latency, number of arousals throughout the night, and 

individual opinions to whether their sleep was ‘deep’ or ‘restful’ (Buysse et al., 1988).  

Silva and colleagues conducted a study among Brazilian Paralympic athletes aimed at 

evaluating athletes’ sleep quality, chronotype, and anxiety levels before the Beijing 2008 

games (Silva et al., 2012). Their results showed that 83% of the athletes who participated in 

the study demonstrated excessive daytime sleepiness and had poor sleep quality. Athletes 

who demonstrated poor sleep quality, in turn, demonstrated greater sleep latency. Athletes 

who experienced excessive daytime sleepiness had lower sleep efficiency in comparison with 

the non-sleepy athletes (Silva et al., 2012).  

This study aimed to understand the current sleeping habits of Israeli Paralympic 

Athletes as a pre-intervention stage, prior to the implementation of an effective sleep 

hygiene program. More specifically, the purpose of this study was to evaluate the quality of 

sleep, sleepiness and chronotype of the athletes, as a pre-intervention step before applying 
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SleepRate monitoring (sensor and application, Hypnocore Ltd), to help the athletes better 

prepare and qualify for the Tokyo 2020 games. SleepRate is an athlete-friendly, accurate, 

scientifically valid, digital solution for athletes to harness their sleep, enhance recovery, 

prevent injuries and optimize performance (Fliess Douer, 2019).  

Materials and Methods 

Participant Recruitment  

Athletes belonging to the Israel National Paralympic squad (N=87), participating in 

major competitions on the road to the Tokyo 2020 games, were invited to take part in this 

study via email communication. The announcement about the survey was made in March 

2018, during a workshop with athletes and coaches. The surveys were collected online 

between April and August, 2018. All participants were fluent in Hebrew. Athletes included 

in the study had either physical or visual impairments. Athletes with visual impairments who 

needed assistance to complete the online survey were assigned a non-biased aide by the 

research team. The Israeli Paralympic squad does not currently have athletes with 

intellectual impairments (II). Therefore, athletes with II were not included in this study. 

Procedures 

A detailed email was sent by the researchers, who are members of the Israeli Paralympic 

Committee, informing the athletes about the aims and methods of the study. The ethical 

committee at Tel Aviv University approved this study. All the participants consented to be a 

part of the study and were aware of all of the procedures associated with it. The athletes had 

the freedom to decide whether or not they would like to continue with the study throughout 

the process. The study was conducted online through the use of Qualtrics (USA). 

Assessment Tools 

Following the collection of the athlete’s demographic data (i.e., age, sport type, year of 

participation, etc.), a Hebrew version of three sleep-related questionnaires, as described 

below, was distributed in order to gather information on each athlete’s current sleep state 

and habits (Shochat et al., 2007). The decision to use these questionnaires was based on the 

research conducted by Silva et al. (2012) with Brazilian Paralympic athletes. A comparison 

of sleep related variable data could be made between the outcome of the two studies, thus 

increasing knowledge in the Paralympic realm.  

Sleep Quality 

The Pittsburgh Sleep Quality Index (PSQI) was developed by Buysse and colleagues in 

1998. It is a commonly used self-report instrument for assessing sleep quality. It is 

comprised of 19 items and seven domains of sleep including: subjective sleep quality, sleep 

latency, sleep duration, sleep efficiency, sleep disturbances, use of sleep medication, and 

daytime dysfunction. Each item is weighted on a 0–3 interval scale. The global PSQI score 

is then calculated by adding the seven component scores together, providing an overall score 

ranging from 0 to 21; the lower the score, the healthier the sleep quality. Global score of >5 

is generally used to indicate poor sleep (Hinz et al., 2016).  

Chronotype  

The Horne and Östberg (1976) Morningness and Eveningness Questionnaire (MEQ) 

was used to evaluate the athlete’s chronotype. The MEQ is a self-assessment questionnaire 

that divides individuals into groups according to their preference for performing tasks in the 

morning or evening (i.e., at what time of the day is the athlete’s practice and performance 

most effective). The questionnaire consists of 19 questions. Each question is scored on a 4–

5-point scale, and the total score can range between 16 and 96. Chronotype scores were 
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determined using the Horne and Östberg classification system where scores of 16-41 = 

evening type; 42-58 = intermediate type; 59-86 = morning type (Lastella et al., 2016).  

Sleepiness  

The Epworth Sleepiness Scale (ESS) was used to assess daytime sleepiness (Johns, 

1991). The ESS describes eight different situations and requires participants to rank how 

likely they are to fall asleep in each given scenario on a scale ranging from 0 (no chance of 

dozing off) to 3 (high chance of dozing off). The sum of the scores for the eight questions 

ranges between 0 and 24. Scores between 0–9 is considered to be normal; 10–24 indicate 

excessive sleepiness, and in these cases, an intervention is recommended (Lastella et al., 

2016).  

Statistical Procedures 

Descriptive statistics were performed with Microsoft Excel 2018. The sample was 

divided into two groups; athletes with poor quality of sleep, and athletes with good quality 

of sleep. In order to evaluate differences between sleep efficiency, daytime dysfunction and 

latency between the good and poor sleep quality groups, MANOVA test was performed with 

IBM SPSS version 25. One-way ANOVA test was used to compare sleep efficiency between 

the sleepy and non-sleepy groups. As a measure of effect size, we used partial eta squared 

(𝜂𝑝
2). This measure describes the proportion of variance that a variable explains that is not 

explained by other variables in the analysis. Partial eta squared is overwhelmingly cited as a 

measure of effect size in the research literature. Widely used suggestions about what 

constitutes a large or small effect are: 𝜂𝑝
2 =.01 small effect; 𝜂𝑝

2 =.06 medium effect, and 𝜂𝑝
2 

> .14 large effect (Richardson 2011). To analyse the association between the results of the 

three questionnaires, and between each sample characteristics (i.e., age, gender, level of 

competition, impairment, chronotype, and daytime sleepiness), non-parametric tests 

(Mann-Whitney and Kruskal-Wallis), and Chi-square tests of independence were 

conducted. 

Results 

A total of 52 Israeli Paralympic Athletes (male = 32, female = 20, mean age = 31.2y, SD 

= 11.9) responded to the introductory email and completed the online surveys between April 

2018 and August 2018, with a response rate of 60%. Of the participants in this study, all 

athletes were identified as potential competitors representing Israel at the Tokyo 2020 

games. The athletes who participated in the study competed in 13 different Paralympic sport 

disciplines. There were 19 (36.5%) athletes in individual indoor sports (Boccia, Powerlifting, 

Swimming, Badminton, Table Tennis, Shooting), 21 (40.4%) from team sports (Goalball, 

Wheelchair Basketball, Wheelchair Rugby) and 12 (23.1%) from individual outdoor sports 

(Hand Cycling, Kayaking, Rowing, Wheelchair Tennis). Most athletes (n = 36, 69.2%) were 

international athletes and the remaining 16 athletes (30.8%) were national level. Almost all 

athletes (n = 44, 84.6%) had physical impairments (Hypertonia, Ataxia, Athetosis, Impaired 

Muscle Power, Impaired Passive Range Of Movement, Limb Deficiency, Short Stature). The 

remaining eight athletes (15.4%) had visual impairments. 

Sleep Quality  

Global PSQI mean score was low (mean = 5.1, SD = 2.7). Based on the assessment score, 

29 athletes were classified as having poor sleep quality. Under a third (31%) of the athletes 

reported sleep duration of less than 7 hours per night. An additional 29% reported that in 

the last month, they slept less than 6 hours per night. From the MANOVA test, using Pillai’s 

trace, there was a statistically significant effect of sleep quality on sleep efficiency, daytime 
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dysfunction, and sleep latency, V = .46, F(3,48) = 13.65, p < .001. From the separate 

univariate tests there were statistically significant effects on each of the MANOVA’s outcome 

variables. Athletes with poor sleep quality had statistically significantly lower sleep efficiency 

(p=0.028, F(1,50) = 5.11, with medium effect size: 𝜂𝑝
2 = .093), greater daytime dysfunction 

(p<.001, F(1,50) = 14.19, with large effect size: 𝜂𝑝
2 = .221), and greater sleep latency (p<.001, 

F(1,50) = 15.08, with large effect size: 𝜂𝑝
2 = .232). The outcome shows that the differences 

between athletes with poor sleep quality and good sleep quality are statistically significant 

and with a substantial effect size. Figure 1 depicts the differences between ‘good’ and ‘poor’ 

sleep quality groups for sleep efficiency, daytime dysfunction and latency (based on the PSQI 

scale score).  

 

 

Figure 1. Differences between ‘good’ and ‘poor’ sleep quality groups based on the PSQI scale score, 
for sleep efficiency (top), daytime dysfunction (middle), and latency (bottom). Error bars present 95% 
Confidence Interval.  
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Sleepiness 

The results based on the ESS scale indicated that 35 of the 52 Paralympic athletes 

demonstrated normal daytime sleepiness. Of the athletes, 33% reported having ‘moderate 

to excessive daytime sleepiness’. Differences in sleep quality (based on the Global PSQI 

score) were not statistically significant between the sleepy and non-sleepy groups (p = .324, 

F = .994. 𝜂𝑝
2 = .19).  

Chronotype 

From the MEQ data, 60% of the athletes were intermediate types (midday), 33% were 

morning type, and 7% were evening type. After cross-referencing these results with the 

athlete’s practice times a total of 28 of the 52 athletes (54%) training times matched their 

chronotype whereas, the other 25 (46%) do not train at times that matched their chronotype. 

Table 1 presents the PSQI, ESS, and MEQ results as well as their division into sleep quality 

sub-groups.  

Table 1. Sleep related outcome divided into “good sleep” and “poor sleep” subgroups. 

PSQI - Pittsburgh Sleep Quality Index; PSQI Range: 0=no difficulty; 21 = severe difficulties in all areas. PSQI Global 

Score: Good (0-4) Poor (5-21) | Sleep latency: 0= no difficulty; 3= severe difficulty. Sleep disturbances: 0= no difficulty; 

3= severe difficulty | Daytime dysfunction: 0= no difficulty; 3= severe difficulty; MEQ - Morningness - Eveningness 

questionnaire; ESS - Epworth Sleepiness Scale. * Based on PSQI Global Score. 

Assessment tool Counts *Good sleep 

quality 

*Poor sleep 

quality 

  N % N % N % 

MEQ Morning type 17 33 8 47 9 53 

Intermediate type 31 60 14 45 17 55 

Evening type 4 7 1 25 3 75 

ESS Normal daytime sleepiness 35 67 18 51 17 49 

Moderate/severe daytime 

sleepiness 

17 33 5 29 12 71 

PSQI global score 52 100 23 44 29 56 

Sleep latency 0 7 13   

1 26 50   

2 18 35   

3 1 2   

Sleep duration 0 (> 7. hours) 21 40   

1 (6.5-7 hours)  16 31   

2 (5-6 hours)  13 25   

3 (< 5 hours)  2 4   

Sleep efficiency >85% 46 88   

75-84% 5 10   

65-74% 1 2   

<65% 0    

Sleep 

disturbances 

0 7 13   

1 40 77   

2 5 10   

3 0    

Daytime 

dysfunction 

0 25 48   

1 22 42   

2 4 8   

3 1 2   

Subjective 

sleep quality 

Very good 8 15   

Fairly good 37 71   

Fairly bad 7 14   

Very bad 0    
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The association between the sample characteristics and sleep-related outcomes are in 

Table 2. The only statistically significant association that was found was between level of 

competition and sleep quality (2 = 5.633 p = .033). Two thirds (67%) of international 

athletes were classified as having poor sleep quality compared with 31% of non-international 

athletes.  

Table 2. Associations between the sample characteristics and sleep-related outcomes. 

H-Kruskal–Wallis; 2- chi-square; U-Mann-Whitney 

Discussion 

From this study, there are concerning deficits regarding the current sleep quality of the 

Israeli Paralympic athletes. Our study results are relatively consistent with the findings of 

previously published studies carried out with Paralympic athletes, such as the one by Silva 

and colleagues (2012). 

Nearly two-thirds of the participants in this study reported that they sleep less than 6 or 

7 hours per night. Sleep optimization is associated with a significant improvement in athletic 

performance and a reduction in the probability of injuries (O’Donnell & Driller, 2017). 

Athletes with poorer sleep quality are subject to lower sleep efficiency, more daytime 

dysfunction and greater sleep latency (Irish et al., 2016). 

According to Fullagar and colleagues, some recommend that athletes should be getting 

between 9-10 hours of sleep per night, while others recommend between 7-9 hours (Fullagar 

et al., 2015). Lack of sleep duration as reported by the athletes confirms that this 

phenomenon is widespread and does not relate specifically to a sport or a gender group. 

According to Fullagar et al. (2015), athlete performance and well-being could significantly 

improve if an athlete attains an adequate amount of sleep per night by extending the current 

amount of time he or she spends sleeping. Furthermore, sleep quality and quantity are the 

single best recovery methods available to elite athletes, in terms of both physiological and 

psychological recovery (O’Donnell & Driller, 2017). It is well known that sleep can contribute 

to athletes’ well-being. Other studies, such as the one conducted by Macdougall et al. (2019), 

suggested that additional mechanisms are needed too, such as mindfulness-acceptance 

interventions. Therefore, applying intervention methods that can improve the athlete’s sleep 

latency is expected to improve his or her performance.  

Although athletes reported that a vast majority of their sleep efficiency is above 85%, 

they noted that they experience at least one sleep disturbance per night as well. These 

reported disturbances included distracting thoughts, noises around the house, pain, children 

and babies, noise from the street, pets, and the effects of menstrual cycle. These disruptions 

could be some of the causes of the daytime dysfunction reported by over 50% of the 

participants. 

In our study, although the sleep quality of the athletes was poor, only 33% of the athletes 

reported sleepiness during the day. This is in contrast to earlier reports by Silva and 

colleagues (2012), where the majority of Paralympic athletes reported poor sleep quality and 

excessive daytime sleepiness. The ESS survey is a ‘self-report’ questionnaire. However, if 

  Chronotype Daytime sleepiness Sleep quality 

  Statistic p Statistic p Statistic p 

Age H = -1.58 p = .45 U = 28.50 p = .81 U = 411.00 p = .15 

Gender 2 =1.41 p = .54 2 = 0.78 p = .54 2 = 0.008 p = .99 

Level of competition 2 =1.59 p = .47 2 = 0.02 p = .88 2 = 5.63 p = .03 

Impairment 2 = 11.63 p = .48 2 = 9.75 p = .13 2 = 3.48 p = .74 

Chronotype - 
 

2 = .300 p = .86 2 = 0.66 p = .71 

Daytime sleepiness - 
 

- 
 

2 = 2.24 p = .15 
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quantitative objective measures had been taken to monitor sleep components, the results 

might have been different from those reported by the athletes.  

Athletes competing in elite sports have a higher frequency, intensity, and volume of 

activity which have a significant impact on both their physical and mental health. Sleep 

interventions in athletes have proven to be successful in improving sleep quality and 

quantity which can lead to improved performance and recovery (Van Ryswyk, 2017). Major 

factors that impact the quality of one’s sleep, could positively impact how one functions the 

following day. Ensuring that the athlete has an efficient training schedule, a healthy sleeping 

routine and proper nutrition could positively impact his or her level of daytime sleepiness 

and in turn, could possibly have a major positive impact on his or her performance. 

Another aspect to consider when focusing on the improvement of quality of sleep and 

athletic performance, is matching practice times with athlete’s chronotype. Although it is 

understood that chronotype is likely to have an impact on training and athletic performance, 

it is not yet fully understood in Paralympic athletes (Bender et al., 2018). Of the participants 

in this study, a third scored ‘morningness’ on the ESS assessment. Individuals with a 

morning preference are likely to maintain a regular sleep to wake schedule in comparison to 

those with an ‘eveningness’ preference (Lastella et al., 2016). Of the 52 athletes that took 

part in this study, 4 of them (7%) were considered to be ‘evening type’ according to the ESS 

survey. While this number might not seem significant, three of the four athletes reported 

poor sleep quality. Individuals who prefer to go to sleep later (sleep time between 1:00AM-

9:00AM), and still have to wake up to train early, will reduce their sleep time by an average 

of 3 hours per night resulting in missed REM periods, which are critical (Samuels, 2008).  

As Silva and colleagues (2012) suggested, it could be effective to adjust athletes’ training 

times to match with their chronotype. This strategy could provide better results through the 

effective optimization of the athlete’s physical capacity and biological rhythm. Evidence 

suggests that troublesome sleep can occur during team travel times, jam-packed competition 

schedules and evening play, or training times (Fullagar et al., 2015). From a review of three 

studies, there were significant differences in performance, both strength and endurance, 

depending on the time an athlete trains in correlation with his/her circadian rhythm, related 

to chronotype (Rae et al., 2015). There could be a significant improvement in performance 

for just under half of the athletes surveyed if a change in training time would be considered.  

As the athlete’s career progresses, the likelihood of frequent travel for competition and 

training camps increases (Gupta et al., 2017). These factors can cause a major disruption in 

the athlete’s sleep routine due to the restricted sleep times caused by scheduling and jetlag 

from travel (Gupta et al., 2017). It is important to note that on the road to Tokyo 2020 (which 

will occur in 2021 due to the COVID-19 pandemic), athletes will not be allowed to arrive 

more than a few days before the Paralympic Games. The short time between arrival and 

competition means that it will be extremely difficult for athletes to adapt to the seven-hour 

time zone difference naturally. It would be a major advantage if athletes arrive in Tokyo pre-

adjusted to the new time zone to ensure that athletes have their sleep schedules properly set 

for the major games.  

Future Recommendations for Sleep Hygiene Intervention 

Following the study, each athlete received a report with his or her results and 

personalized recommendations in order to improve his or her quality of sleep. The athletes 

were assigned a meeting with a nutritionist in order to adapt their nutrition to improve their 

sleep.  

The participants listed several factors that lead to sleep disturbances, some of which are 

more controllable (i.e., roommate noise, troubling thoughts) and others that are more 

challenging to manage (i.e., babies waking up, dogs). The most ideal environment for a good 
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night’s sleep includes a comfortable, cool, and dark environment with no electronic devices 

and minimal background noise and distractions (Watson, 2017). Watson suggests a 30 to 

60-minute relaxation period prior to bedtime each night (Watson, 2017). Limiting the use 

of technological devices during the evening hours and limiting caffeine consumption, 

nicotine, cigarettes, or other stimulants can have a major impact on reducing sleep issues 

and disruptions. For athletes specifically, limiting the amount of training times and 

competitions scheduled into the night could also have a powerful effect on the individual 

(Watson, 2017). 

Paralympic athletes have various factors in their training regimen that have the 

potential to create a less flexible and more time-consuming training session. This could 

affect their sleep quality. Some of these issues include locating accessible training facilities 

(and times), accessibility to transportation, or energy exertion during training (Rodrigues et 

al., 2017). While athletes are being told of the importance of their sleep quality and latency, 

the results of this study clearly indicate that sleep specific seminars, and promoting sleep 

hygiene interventions are needed in order to make a significant change. A previous study 

carried out by O’Donnell and Driller (2017), found that a 50-minute sleep-hygiene lecture 

(followed by a 10-minute question and answer period), focusing on the following five factors: 

(a) maintaining a regular bed and wake time; (b) ensuring a quiet, cool and dark 

environment; (c) avoidance of caffeine and other stimulants prior to sleep; (d) avoidance of 

light-emitting technological devices in the hours before to bedtime, and (e) the 

implementation of relaxation strategies before bedtime, reduced daytime sleepiness and 

improved the sleep quality of elite athletes.  

Competitive athletes experience more pressures in relation to the demand that they put 

on themselves, both mentally and physically, in addition to the pressures from external 

environments such as media, spectators, and their teams (Gupta et al., 2017). Sleep quality 

can also be analyzed through impairment type. For example, from previous studies, there 

are greater alterations in REM sleep and some differences when dreaming, such as lack of 

ocular movement but olfactory, tactile and auditory adjustments when focusing on athletes 

with visual impairments (Silva et al., 2012). One Israeli athlete who is a veteran with partial 

paralysis demonstrated significant abnormal sleep behaviour. Although the reported time 

sleeping was upwards of 10 hours per night, his ESS score emphasized that he still 

experiences excessive sleepiness during the day. Self-report questionnaires are not as 

scientifically strong when compared to quantitative studies. However, the findings of this 

athlete’s unique case, support the value of using self-report questionnaires regularly. This 

method is simple yet can reveal important information about the athlete. As for the case 

mentioned above, a future interventional study will focus on improving this particular elite 

athlete’s sleep, tailoring recommendations to his exceptional condition. This study identified 

athletes with significant sleep disturbances. Athletes who presented with the most disturbed 

and poorest sleep quality in the survey, and who have the highest potential to be included in 

the delegation to Tokyo 2020 games were selected for the intervention with SleepRate and 

they have been monitored since March 2019.  

Limitations 

Despite the strengths of the current study in adding information on a less investigated 

topic, there are limitations that should be noted. The geographical scope of this research is 

restricted to only one country, which may lead to limited generalization of the outcomes. 

Therefore, conducting a comparative study combining athletes from different countries is 

recommended. The sample size was rather small as this study aimed at a specific self-

selected group of participants. In addition, having the respondents send the questionnaire 

by mail, as was applied in this study, resulted in a low response rate. Finally, the information 
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obtained based on participants' reports is not as reliable as the empirical measurement of 

objective sleep data. 

Conclusions 

This study was a steppingstone to understanding the sleep state of the Israeli 

Paralympic athletes, in order to develop tailored intervention methods to help improve each 

athlete’s sleep quality and performance. Based on the results of this study, and through the 

use of various technological aids, the Israeli Paralympic research team assesses the outcomes 

of the interventions they intend to apply on the athletes’ overall sleep quality.  

Perspectives 

This study contributes to the advancement of the athletic capability and capacity of the 

Paralympic athlete. The article is a guiding factor for intervention methods that are being 

used leading up to and during the Tokyo Paralympic Games, that took place in 2021. Now 

that there is a baseline understanding regarding the sleep condition, state, and habits of the 

Israeli Paralympic Athletes, carefully selected and individualized sleeping interventions are 

being implemented and analysed to determine if their sleep quality improves post-

intervention.  
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