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Introduction: Blue light from electronic devices has a bad reputation. It has a wavelength which may influence our circadian rhythm and cause bad sleep. But there are other aspects of blue light exposure which are often overlooked, for example, it may influence performance and wellbeing. However, few resources summarize its effects systematically. Therefore, the goal of this systematic review was to distil the present evidence on blue light exposure and its influence on sleep, performance and wellbeing and discuss its significance for athletes.
Methods: The databases that were searched were Cochrane, Embase, Pubmed, Scopus, and Virtual Health Library. The studies included investigated the influence of blue light exposure on either sleep, performance, wellbeing or a combination of those parameters on healthy humans. Quality assessment was done based on the quantitative assessment tool “QualSyst.”
Results: Summarizing the influence of blue light exposure, the following results were found (expressed as proportion to the number of studies investigating the particular parameter): Fifty percent of studies found tiredness to be decreased. One fifth of studies found sleep quality to be decreased and one third found sleep duration to be decreased. Half of the studies found sleep efficacy to be decreased and slightly less than half found sleep latency to be increased. More than one half of the studies found cognitive performance to be increased. Slightly more than two thirds found alertness to be increased and reaction time to be decreased. Slightly less than half of the studies found wellbeing to be increased.
Conclusion: Blue light exposure can positively affect cognitive performance, alertness, and reaction time. This might benefit sports reliant on team-work and decision-making and may help prevent injury. Blue light might also have negative effects such as the decrease in sleep quality and sleep duration, which might worsen an athlete’s physical and cognitive performance and recovery. Further research should explore if blue light can improve sleep, performance and wellbeing to significantly benefit athletic performance.
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1 INTRODUCTION
Electronic devices, such as television, computers and smartphones have become permanent features of our everyday life. In combination with the increased use of those electronic devices a decrease in sleep quality has been reported (Hysing et al., 2015). This piqued researchers’ interest and it was found that blue light emitted by electronic devices suppresses the secretion of the hormone melatonin (Tordjman et al., 2017). One of the main functions of melatonin is the regulation of the circadian rhythm (Tordjman et al., 2017), which consequently influences sleep (Chang et al., 2015). The general consensus was that f blue light from electronic media negatively affects sleep quality. However, this is not a fair representation of the whole research that has been conducted concerning blue light. In fact, numerous studies report that blue light exposure did not only have negative, but also positive effects. For instance, it was reported that blue light exposure is an effective treatment against major depression symptoms (Strong et al., 2009), has a stimulating effect on cognitive brain activity (Vandewalle et al., 2013) and increases physical performance (Knaier et al., 2017b). The positive and negative effects of blue light are of interest for athletes for three reasons. Firstly, good sleep hygiene is the foundation of a strong performance (Samuels et al., 2016), it is therefore important to find out if sleep is negatively influenced by blue light. Secondly, many athletes suffer from sleep deprivation due to busy training schedules (Romyn et al., 2016), it is hence of interest to investigate if blue light exposure may improve performance by increasing alertness or cognitive function. Thirdly, wellbeing has an impact on athletic performance (Lastella et al., 2014) and thus it is out of interest whether this might be influenced by blue light exposure. Even though a vast amount of research has been conducted, a systematic analysis of existing findings is yet to be conducted, leaving the current standard of knowledge on blue light exposure unknown and the three questions mentioned above unanswered. This provided the rationale to conducting a systematic review on the influence of blue light on sleep, performance and wellbeing. In a first step, we decided to focus on healthy humans to ensure that enough data can be gathered for meaningful statements. At present, existing systematic reviews investigate the influence of blue light exposure on circadian rhythm (Tähkämö et al., 2019), macular health (Lawrenson et al., 2017), mental disorders (Srisurapanont et al., 2021) or tumors (Lai and Yew, 2016). To the best of our knowledge no systematic review has yet investigated the influence of blue light on sleep, performance and wellbeing either in elite athletes or in healthy humans. Therefore, the present study aimed to collect data to give clear and systematic insights on the current findings concerning these topics. The outcome of those findings will determine whether further studies are needed and if yes, what those studies might investigate.
2 METHODS
This systematic review was conducted by following the PRSIMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines (Moher et al., 2015).
2.1 Eligibility criteria
Randomized controlled trials, cohort studies, case-control studies and cross-sectional studies in English were reviewed. These studies had to investigate the influence of blue light exposure on either sleep, performance, wellbeing or a combination of those parameters. Studies that investigated the influence of blue light on participants with health issues (e.g., eye sickness, mental disorders or sleep-wake disorders) or explored only circadian phase and melatonin levels were excluded.
2.2 Source of information and search strategies
The following databases were searched: Cochrane, Embase, Pubmed, Scopus, and Virtual Health Library. The search strategy was a compound formed by the four cluster terms blue light, sleep, performance and wellbeing, connected to each other by the term “AND.” Terms related closely to the four cluster terms were connected to the latter by the term “OR.” To gather more data the search strategy was adjusted to only include three cluster terms, either “blue light, sleep and performance” or “blue light, sleep, and wellbeing.” A detailed overview of the search strategy is shown in Table 1. The search was conducted on 27th of September 2020.
TABLE 1 | Overview concerning the search strategy.
[image: Table 1]2.3 Study selection and data collection process
All duplicates were removed and the studies were screened for the eligibility criteria. In a first step, titles and abstracts were screened and unsuitable studies were removed. The remaining studies were screened for full text. Additionally, listed references of the included studies were also screened. Figure 1 presents the detailed selection process for the research studies. The data collection included the age of the participants, their activity, the intervention type, the duration of the intervention, measurements, study design and the outcome on either sleep, performance or wellbeing.
[image: Figure 1]FIGURE 1 | Selection process for research articles included in the review. Modified version from the recommendation in the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) statement Moher et al. (2015). Legend: Virtual Health Library (VHL).
2.4 Quality assessment
The quantitative assessment tool “QualSyst” was used for the quality assessment (Kmet et al., 2004). The studies were scored using fourteen items. Each item was marked with either a yes = 2, partial = 1, no = 0, or N/A = not applicable. Items marked with N/A were excluded from the calculation. The final score was determined by summing up the total score across the relevant items, expressed as a percentage of the theoretical maximum Studies were categorized as strong quality (>75%), moderate quality (55%–75%) and weak quality (<55%). This quality assessment was performed by two reviewers (MS, CP). Study quality scores that differed between reviewers were discussed until consensus was found.
3 RESULTS
3.1 Study selection
The initial search strategy resulted in a total of 488 hits. After title and abstract screening, 78 studies were selected for full text screening. The screening of the listed references resulted in eight additional studies. After the full text screening 36 eligible studies based on systematic use of inclusion and exclusion criteria were recorded. The quality assessment of the 36 selected studies revealed 24 studies to be of strong and twelve of moderate quality. Detailed results of the quality assessment are presented in Table 2.
TABLE 2 | Quality assessment “QualSyst” according to Kmet et al. (2004).
[image: Table 2]3.2 Blue light and sleep
3.2.1 Age, intervention, and duration
Twenty-four studies investigated the influence of blue light exposure on sleep (Table 3). The participants’ average age was 26 years, with one study not mentioning the exact age of their participants other than indicating that they were all adults (Rångtell et al., 2016). Twelve studies compared blue light with a different colored light intervention such as white, red or orange light (Table 3). Twelve studies used electronic devices such as smartphones, tablets and computers and compared them with blue light filter control conditions. Such as blue light blocking glasses or blue light filters for displays (Table 3). The average exposure time was 2.2 h. Those studies with longer exposure times were separately calculated and averaged around 2.75 weeks. One study did not mention the exact exposure time (Chindamo et al., 2019). Exact exposure times for each study are listed on Table 3.
TABLE 3 | Effects of blue light on sleep.
[image: Table 3]3.2.2 Activity and measurement
Activity during the blue light exposure included relaxed sitting, leisure, bedtime routine, reading on an electronic device, mundane tasks on a smartphone such as Facebook use, cognitive tasks, driving a car, office work, and physical training (Table 3). The most commonly used methods to measure the influence of blue light on sleep were the Karolinska Sleepiness Scale (KSS), polysomnography (PSG) including electroencephalography (EEG), the Pittsburgh Sleep Quality Index (PSQI), questionnaires, actigraphy and Likert scale (Table 3). The following methods of measurement were used less frequently across the included studies: Consensus Sleep Diary (CSD), Epworth Sleepiness Scale (ESS), Fatigue Severity Scale (FSS), Holland Sleep Disorder Questionnaire (HSDQ), Karolinska Drowsiness Test (KDT), Karolinska Sleep Diary (KSD), Sleep Hygiene Index (SHI), Stanford Sleepiness Scale (SSS) and Visual Analogue Scale (VAS) (Table 3). The methods of measurements were applied either before, during or after the blue light intervention.
3.2.3 Sleep responses to blue light
The term sleep included the elements tiredness, sleep quality, sleep duration, sleep efficacy, and sleep latency. More details to each element are given in the following sections.
3.2.3.1 Tiredness
Tiredness can be assessed in the categories sleepiness, fatigue, wakefulness, alertness, and arousal. For sleepiness the following data was found: eight studies reported a decrease in subjective sleepiness when exposed to blue light conditions (Lockley et al., 2006; Viola et al., 2008; Cajochen et al., 2011; Chang et al., 2015; Grønli et al., 2016; Münch et al., 2016; Heo et al., 2017; Motamedzadeh et al., 2017). However, one study reported a higher subjective sleepiness while wearing blue light blocking glasses when compared to the blue light condition, where no blue light blocking glasses were worn (Van Der Lely et al., 2015). Five studies did not find any significant change in subjective sleepiness between blue light and non-blue light conditions (Phipps-Nelson et al., 2009; Sahin and Figueiro, 2013; Heath et al., 2014; Ayaki et al., 2016; Rångtell et al., 2016) and two studies reported an increase in subjective sleepiness when exposed to the blue light condition (Iskra-Golec et al., 2012; Gabel et al., 2013). One study found fatigue to be decreased following blue light exposure (Viola et al., 2008). One study found wakefulness not to be significantly decreased when exposed to the blue light condition (Chellappa et al., 2013), however one study found that morning alertness was delayed when exposed to the blue light condition, adding to the evidence that blue light may increase tiredness (Chang et al., 2015). Another study showed no significant change in arousal levels (Rångtell et al., 2016). Summarizing all these results under the term tiredness, seventeen studies reported measures related to tiredness. Out of those seventeen studies, nine studies reported blue light exposure to be decreasing tiredness. But because the term tiredness categorizes sleepiness, fatigue, wakefulness, morning alertness, and arousal, the studies which included more than one of these characteristics should be counted for the number of times mentioned. This means Chang et al. (2015), Rångtell et al. (2016), Viola et al. (2008) should be counted twice, creating a new total of 20 occurrences. Out of those 20 occurrences, ten occurrences, counting the reference Viola et al. (2008) twice, reported of decreasing tiredness (Lockley et al., 2006; Viola et al., 2008; Cajochen et al., 2011; Chang et al., 2015; Van Der Lely et al., 2015; Grønli et al., 2016; Münch et al., 2016; Heo et al., 2017; Motamedzadeh et al., 2017). Seven occurrences, with reference Rångtell et al. (2016) counting twice, reported no significant change between conditions (Phipps-Nelson et al., 2009; Chellappa et al., 2013; Sahin and Figueiro, 2013; Heath et al., 2014; Ayaki et al., 2016; Rångtell et al., 2016). And three studies reported an increase in tiredness in the blue light condition (Iskra-Golec et al., 2012; Gabel et al., 2013; Chang et al., 2015). Summarized, there were thirteen out of 20 occurrences which reported blue light to be influencing tiredness, out of which ten occurrences reported a decrease and three studies reported an increase in tiredness.
3.2.3.2 Sleep quality
One study found that sleep quality was higher in the non-blue light condition compared to the blue light condition, adding to the evidence that blue light can decrease sleep quality (Burkhart and Phelps, 2009). Three studies reported nonsignificant changes in sleep quality by blue light exposure (Sander et al., 2015; Bowler and Bourke, 2019; Driller and Uiga, 2019). Additionally, one study reported increased sleep quality following the blue light condition (Viola et al., 2008). There was one (Burkhart and Phelps, 2009) out of five studies that suggested blue light to be decreasing sleep quality and one (Viola et al., 2008) out of five studies suggesting an increase in sleep quality through blue light exposure.
3.2.3.3 Sleep duration
One study reported an increase in sleep duration when exposed to the blue light condition (Viola et al., 2008), however three studies reported a decrease in sleep duration when exposed to the blue light condition (Münch et al., 2016; Yang et al., 2018; Chindamo et al., 2019). Five studies showed no significant change in sleep duration (Chang et al., 2015; Sander et al., 2015; Grønli et al., 2016; Rångtell et al., 2016; Driller and Uiga, 2019). Summarizing these findings, three out of nine studies reported of decreasing sleep duration through blue light exposure and only one study reported an increase in sleep duration through blue light exposure.
3.2.3.4 Sleep efficacy and sleep latency
Two studies showed a higher sleep efficacy in the non-blue light condition compared to the blue light condition, adding to the evidence that blue light exposure can decrease sleep efficacy (Ayaki et al., 2016; Yang et al., 2018) Two other studies showed no significant change in sleep efficacy following the blue light condition (Chang et al., 2015; Driller and Uiga, 2019). This means two out of four studies found sleep efficacy to be decreased following blue light exposure. Sleep latency was found to be decreased in the non-blue light condition compared to the blue light condition in one study, (Ayaki et al., 2016). Two other studies found an increase in sleep latency in the blue light condition (Chang et al., 2015; Chindamo et al., 2019). Five studies found no significant change in sleep latency between the conditions (Heath et al., 2014; Grønli et al., 2016; Rångtell et al., 2016; Knufinke et al., 2018; Yang et al., 2018). Summarizing this, three out of eight studies suggested that blue light exposure increased sleep latency.
3.3 Blue light and performance
3.3.1 Age, intervention, and duration
Twenty-three studies (see Table 4) were included to investigate the influence of blue light on performance. The participants were aged on average 29.2 years. Nineteen studies compared blue light with a different colored light exposure such as white, red, yellow, amber or green light. Four studies used electronic devices such as smartphones, tablets and computers and compared them with situations where the participants used blue light filters such as blue light blocking glasses or blue light filters for displays or hard-copy books (Heath et al., 2014; Slama et al., 2015; Heo et al., 2017; Driller and Uiga, 2019). Two studies compared blue light exposure to caffeine use (Taillard et al., 2012; Beaven and Ekström, 2013). The average exposure time was 1.7 h. Those studies with longer exposure times were separately calculated and they averaged around 2.5 weeks. The exact exposure times for each study were listed in Table 4.
TABLE 4 | Influence of blue light on performance.
[image: Table 4]3.3.2 Activity and measurement
Activities during the blue light exposure included relaxed sitting, bedtime routine, reading and texting on an electronic device, mundane tasks on a smartphone such as Facebook use and playing games, cognitive tasks, oddball tasks, driving a car, office work, and physical exercise. Methods most commonly used to measure the influence of blue light on sleep included: Psychomotor Vigilance Task (PVT), electroencephalography (EEG), working memory task (n-back task) and Go/NoGo task. The following methods of measurement were used less frequently across the included studies: Continuous Performance Test (CPT), 90-s Digit-Symbol Substitution Test (DSST), event related potential P300 (ERP), handgrip strength, inappropriate line crossings (ILC) during a driving task, Likert scale, Paced Visual Serial Addition Task (PVSAT), Psychomotor Speed Test (PST), Actiwatch, Sustained Attention to Response Rask (SART) and Systems Technology Incorporated driving simulator (STI) (Table 4). These methods of measurements were applied either before, during or after the blue light intervention.
3.3.3 Performance responses to blue light
The term performance includes the elements cognitive performance, alertness, reaction times, accuracy, daytime dysfunction, heart rate response, and handgrip strength. More details to each element are given in the following sections.
3.3.3.1 Cognitive performance
Two studies reported an increase in cognitive performance when exposed to the blue light condition (An et al., 2009; Motamedzadeh et al., 2017). In alignment with these finding, one study reported an increase in office work performance when exposed to the blue light condition (Viola et al., 2008) and another showed an increase in driving performance when exposed to the blue light condition (Taillard et al., 2012). However, no significant difference between light conditions was found during simulated driving (Phipps-Nelson et al., 2009). Two studies showed no difference in cognitive performance following blue light exposure on the previous evening (Gabel et al., 2013; Scheuermaier et al., 2018). Summarizing these findings as “cognitive performance,” four out of seven studies reported blue light to increase cognitive performance.
3.3.3.2 Alertness
Three studies reported of increase in alertness when exposed to the blue light condition (Lehrl et al., 2007; Viola et al., 2008; Yang et al., 2018). Two studies reported an increase in sustained attention when exposed to the blue light condition (Cajochen et al., 2011; Motamedzadeh et al., 2017). One study reported an increase in concentration in the blue light condition (Viola et al., 2008). One study reported a decrease in omission errors (Motamedzadeh et al., 2017) after blue light exposure. Two studies found no significant change in cognitive alertness when exposed to the blue light condition (Sahin and Figueiro, 2013; Heath et al., 2014). One study reported of making more commission errors in a CPT the next morning after exposure to the blue light condition (Heo et al., 2017). In summary, there were seven occurrences out of ten occurrences, counting the references Motamedzadeh et al. (2017), Viola et al. (2008) twice for multiple results, which reported blue light to be increasing alertness.
3.3.3.3 Reaction times and accuracy
Seven studies reported a decrease in reaction times when exposed to the blue light condition (Lockley et al., 2006; Phipps-Nelson et al., 2009; Tulppo et al., 2014; Alkozei et al., 2016; Münch et al., 2016; Motamedzadeh et al., 2017; Yang et al., 2018). One study reported a decrease in reaction times in blue-eyed participants during blue light exposure (Beaven and Ekström, 2013). Additionally, one study reported improved performance in the Go/NoGo task when exposed to the blue light condition (Cajochen et al., 2011). Four studies showed no significant change in reaction times when exposed to the blue light condition (An et al., 2009; Tulppo et al., 2014; Baek and Min, 2015; Knaier et al., 2017a). In summary, nine out of thirteen studies showed blue light to decrease reaction time. Blue light exposure only increased accuracy in one study (Heath et al., 2014), whilst three studies found no significant change in accuracy (Beaven and Ekström, 2013; Slama et al., 2015; Alkozei et al., 2016).
3.3.3.4 Daytime dysfunction
One study reported daytime dysfunction to be increased when exposed to the blue light condition (Viola et al., 2008).
3.3.3.5 Heart rate and handgrip strength
One study found that heart rate was increased when exposed to the blue light condition, but also the red light condition compared to the dark condition (Figueiro et al., 2009). Another study found no significant effect on heart rate the next morning after evening exposure to the blue light (Driller and Uiga, 2019). Handgrip strength was not influenced by exposure to the blue light condition (Knaier et al., 2017a).
3.4 Blue light and wellbeing
3.4.1 Age, intervention, and duration
Eight studies were included to investigate the influence of blue light on wellbeing (Table 5). The participants were aged on average 29.5 years, one study did not mention the exact age of their participants but stated that they were all adults (Rångtell et al., 2016). Four studies compared blue light with a different colored light such as white, red, green or orange light (Table 5). Four studies used electronic devices such as smartphones, tablets and computers and compared them with situations where the participants used blue light filters such as blue light blocking glasses or blue light filters for displays (Table 5). Additionally, one study compared blue light exposure to caffeine use (Beaven and Ekström, 2013). The average exposure time was 1.6 h. Those studies with longer exposure times were separately calculated and they averaged around 3.5 weeks. The exact exposure times for each study were listed on Table 5.
TABLE 5 | Influence of blue light on wellbeing.
[image: Table 5]3.4.2 Activity and measurement
Activity during the blue light exposure included relaxed sitting, leisure, bedtime routine, reading on an electronic device, mundane tasks on a smartphone such as Facebook use and playing games, cognitive tasks, and office work. Methods to measure the influence of blue light on sleep were: Positive And Negative Affect Schedule (PANAS), Visual Analogue Scale (VAS) and Karolinska Sleepiness Scale (KSS). The following methods of measurement were used less frequently across the included studies: Headache and Eye Strain scale (H&ES), Likert scale, Profile of Mood States (POMS) and Polish adaptation of the University of Wales Institute of Science and Technology (UWIST) mood adjective check list (Table 5). Those methods were used to measure the influence of blue light either before, during or after the intervention.
3.4.3 Wellbeing responses to blue light
The term wellbeing includes the elements mood, irritability, arousal, tension, anxiety, and motivation. More details to each element are given in the following sections.
3.4.3.1 Mood
Two studies found an increase in positive mood when exposed to blue light (Viola et al., 2008; Ekström and Beaven, 2014). One study showed higher results for mood in the non-blue light condition, adding to the evidence that blue light can decrease mood (Burkhart and Phelps, 2009). However, one study showed no change in subjective wellbeing in the blue light condition (Gabel et al., 2013).
3.4.3.2 Irritability
One study reported irritability to be decreased when exposed to the blue light condition (Viola et al., 2008).
3.4.3.3 Arousal
One study showed an increase in energetic arousal in the blue light condition (Iskra-Golec et al., 2012). For tense arousal, hedonic tone, no significant changes were found (Iskra-Golec et al., 2012). Likewise no significant change was found for subjective arousal and other feelings (Rångtell et al., 2016).
3.4.3.4 Tension and anxiety
One study reported tension and anxiety following the blue light condition not to be significantly affected (Heo et al., 2017).
3.4.3.5 Motivation
The motivation to exercise and the perceived exertion during exercise on the following day was reported not to be influenced by blue light exposure (Driller and Uiga, 2019).
4 DISCUSSION
This systematic review summarized the current data of blue light exposure and its influence on sleep, performance and wellbeing. One half of the study results found tiredness and sleep efficacy to be decreased by blue light exposure. Sleep quality, sleep duration, and sleep latency did not seem to be systematically affected by blue light exposure. Most studies found cognitive performance and alertness to be increased and reaction time decreased by blue light exposure. The wellbeing markers mood, irritability, arousal, tension, and anxiety were shown to be increased by blue light exposure by slightly less than half of the included studies.
4.1 Sleep
It is the norm to measure restful and good sleep based on sleep quality. However, sleep can also be perceived as restful if the next day’s tiredness was low, sleep efficacy was high or sleep latency short. Sleep is a very wide-ranging term. In addition to sleep quality, other elements of sleep, such as tiredness, sleep duration, sleep efficacy and sleep latency can help to interprete sleep health. Recently, a growing number of studies research the influence of sleep on athletic performance. One reason for this might be the belief that a good night’s sleep is the foundation for good performance (Samuels et al., 2016). Thus, it is of interest to athletes to build an evidence base investigating the influence of blue light exposure on sleep, especially as the use of electronic devices has become a permanent feature of our everyday life.
4.1.1 Tiredness
Tiredness due to sleep deprivation or physical strain might decrease performance. Since tiredness is a broad term summarizing sleepiness, fatigue, wakefulness, arousal, and morning alertness as one, other terms, which are related to the terms listed, can be used to draw parallels to the term tiredness. For example, mental fatigue is not explicitly named among these terms, but its meaning is similar to the other terms describing tiredness. It was found that mental fatigue has an influence on physical performance as well as on cognitive performance (Van Cutsem et al., 2017). This means that if mental fatigue influences physical performance, tiredness as a whole might also influence physical performance. Thus, tiredness might be a relevant factor for athletes to consider if they want to improve their performance. The included studies showed that out of the 20 occurrences reporting tiredness to be influenced by blue light, 10 occurrences found a positive effect of blue light exposure as it decreases tiredness (Table 3). The significance of this finding is that athletes might be able to use blue light exposure to reduce their tiredness before a competition. In addition, given the connection between physical performance and tiredness (Van Cutsem et al., 2017), blue light exposure may indeed improve an athlete’s physical performance, reduce the risk of injury and help in staying focused. Regarding the influence of tiredness on decision making, there is one study that found decision making not to be influenced by fatigue and therefore not by tiredness (Almonroeder et al., 2020). In case an athlete shows signs of tiredness on competition days, about 2 h of blue light exposure might help to reduce tiredness, which was the average time of the included studies (Table 3). A more practical choice of blue light exposure might be the use of smartphones. However, this does not mean that electronic devices are better than blue light bulbs because this systematic review cannot show relevant differences in the results regarding the two intervention methods. Since almost exclusively, questionnaires were used, and rating tiredness is often subjective (Enoka and Duchateau, 2016), this raises the question of reliability of these results. Among the questionnaires, the KSS was most often used, which appears to be a valid tool to assess tiredness as it correlates with EEG measurements (Kaida et al., 2006). For further research using questionnaires with unknown reliability and validity, adding a PVT, which measures reaction time, might increase the objectivity of test results. The assumption here is that when tiredness is increased, performance consequentially will be decreased (Brown et al., 2013) and the result of the PVT will worsen. Additionally, athletic self-report tests based on parameters such as heart-rate or jump test data could help to quantify tiredness as stated (Thorpe et al., 2017). Further research should explore the interaction of blue light and tiredness with the focus on the relationship between tiredness and risk of injury, staying focused and motivated.
4.1.2 Sleep quality
Even though blue light can have a positive effect by reducing tiredness, the evidence is mixed. This systematic review found that three out of five studies showed no significant change of sleep quality by blue light exposure (Table 3), whilst two studies found sleep quality to be influenced by blue light. One study found blue light to be increasing sleep quality, the other found it to be decreasing. However, it is clear that the consequence of reduced sleep quality is bad sleep. Additionally it was recently found that bad sleep decreases performance and recovery (Hamlin et al., 2021). Both are very important factors for athletes, because performance and recovery are the foundation of their success. Caution is advised when making suggestion to use blue light exposure to improve sleep quality, as it may actually negatively affect an athlete’s sleep and recovery. Since Burkhart and Phelps (2009) found a decrease in sleep quality after 3 h of blue light exposure, it might be recommended to restrict the usage of blue light emitting devices 3 h before bedtime. With that, sleep quality should not be decreased and the athlete might rest better. Additionally, it was found that an improvement in sleep quality can cause an increase in reaction time, accuracy, endurance performance and a decrease in injury and illness (Krystal and Edinger, 2008). Restricting the usage of blue light emitting devices before bedtime might be a harsh interference with the daily habits of the athlete. Therefore, coach and athlete should talk about the advantages of a sensible usage of blue light and decide together how they want to restrict the blue light exposure in the athlete’s daily life. It might be enough to only restrict the use of blue light emitting devices some hours before bedtime during periods of great physical exertion, for example during intense training camps or before competitions. Sleep quality might have an influence on tiredness and how fatigue is perceived (Lavidor et al., 2003). It was found that fatigue was appearing alongside bad sleep quality (Fortier-Brochu et al., 2010). Combining these two findings, this might mean that reduced tiredness after a night’s rest, is a sign of better sleep quality. Summarized, these findings might suggest that by improving sleep quality, tiredness is reduced on a subjective level and physical performance might improve. Further research should focus on the influence of blue light exposure on sleep quality during intense training programs and competition, because those are the times when good performance and good recovery, which might be dependent on good sleep quality, matter the most. As for the reliability of the studies included it was found that exclusively questionnaires were used. Whilst the PSQI used in some studies is reported of having a high reliability and a good validity (Backhaus et al., 2002). Future studies should evaluate if more objective forms of measurements such as PSG, NREM sleep EEG, and actigraphy (Backhaus et al., 2002), are needed and worth the time to increase objectivity and reliability.
4.1.3 Sleep duration, sleep efficacy, sleep latency
Three out of nine studies found sleep duration to be decreased by blue light exposure and one study found it to be increased (Table 3). There are arguments for and against sleep duration being relevant for athletes. On one hand athletes can suffer from sleep deprivation due to harsh training schedules (Romyn et al., 2016) and if blue light would also increase the needed duration of sleep, then sleep deprivation might only get worse if blue light exposure was not moderated. On the other hand, an argument can be made against sleep duration being relevant because compared to sleep quality, sleep duration might have less influence on perceived fatigue (Fortier-Brochu et al., 2010). This might mean that sleep duration is less relevant than sleep quality when assessing an athlete’s sleeping habits. Other quantitative measurements of sleep are sleep efficacy and sleep latency. With two showing sleep efficacy to be increased by blue light exposure, two others found no effect (Table 3). These results are similar to sleep duration as it describes the ratio of sleep time to bedtime (Reed and Sacco, 2016). Sleep latency can be interpreted alongside sleep efficacy as it describes the time spent in bed until the participant falls asleep. Since sleep latency is related to sleep efficacy and sleep duration, similar interpretations and consequences are expected. Three out of eight studies found an increase in sleep latency through blue light exposure (Table 3). Further research is needed to evaluate if sleep duration, sleep efficacy, and sleep latency are influenced by blue light exposure.
4.2 Performance
Sleep, caffeine and even small rituals, which put the athlete in the right headspace can improve performance (Broch and Kristiansen, 2014; Spriet, 2014). But blue light is not something that is usually considered when preparing for a competition. Blue light is not expected to directly improve the physical aspect of performance, but rather the mental aspects such as recognizing opportunities, planning and decision-making. However, further studies will be needed to assess the exact influence of blue light exposure on these mental aspects.
4.2.1 Cognitive performance and alertness
Cognitive performance describes the abilities of paying attention, memorizing, decision-making, planning, and reasoning (Dhakal and Bobrin, 2022). Improving cognitive performance with blue light exposure might be useful for sports which include teamwork, decision-making and quickly changing situations. Additional effects of improving cognitive performance include the prevention of injury because the athlete might be more aware of their surroundings. With four out of seven studies, the slight majority found cognitive performance to be increased by blue light exposure (Table 4). The validity and reliability of the measurement of cognitive performance is not clear. EEG, n-back tasks, driving, H&ES and PVT were used, but there were no studies which investigated the validity and reliability of these tests for cognitive performance. For further research other valid methods should be explored to measure cognitive performance. For example, the Stroop Color and Word Test (SCWT) is a color/word test measuring cognitive function (Stroop, 1935) and the Test of Attentional Performance (TAP) is a test including 13 different subtests, like Go/Nogo tests, working memory and alertness tests (Zimmermann and Fimm, 2002). Since the definition of alertness and attention are close, and the latter is part of cognitive performance, alertness might also be interpreted alongside cognitive performance. With seven out of ten occurrences, a slight majority regarding alertness showed an increased alertness through blue light exposure (Table 4). Since cognitive performance was also increased, the increase for alertness is what was expected. The studies used reliable methods such as CPT (Raz et al., 2014) and n-back task (Jaeggi et al., 2010) to assess alertness. PVT is also a good method, but research has shown that there is need to calibrate PVT in specific margins to give reliable answers (Basner et al., 2021). The Likert scale was described as invalid and not reliable (Louangrath, 2018), so the results achieved for two mentioned studies with it (Lehrl et al., 2007; Viola et al., 2008), should be carefully assessed.
4.2.2 Reaction times and accuracy
Sports which include teamwork, decision-making and quick changing situations often put athletes in situations where performance is determined by who recognizes the situation faster and is quicker to act accordingly. This process is what the term reaction time describes, which is influenced by recognizing the situation, decision-making and taking action. With nine out of thirteen studies, the majority found reaction time to be improved by blue light exposure (Table 4). Since assessing situations and planning are part of cognitive performance, this raises the question on how reaction time and cognitive performance are related. Reaction time has mental and motor aspects, whereas cognitive performance has only mental aspects. Since both cognitive performance and reaction time are influenced by blue light, this might suggest that reaction time and cognitive performance are connected. There might be evidence for that to be the case, since reaction time is measured with PVT and PVT is used in multiple studies to measure cognitive performance. As for the measurement of CPT, n-back tasks and PVTs were used by the included studies and were described as reliable methods (Jaeggi et al., 2010; Raz et al., 2014; Basner et al., 2021). Further research should test these findings in an athletic setting to find out if blue light exposure can make a difference in an athlete’s mental performance. Research should further investigate howblue light influences accuracy since there were only a total of four studies addressing this parameter, out of which one study (Heath et al., 2014) showed accuracy to be increased by blue light exposure.
4.2.3 Driving
Accident-free driving is an important health and safety issue, which might potentially be influenced by blue light exposure. In fact, two studies (Phipps-Nelson et al., 2009; Taillard et al., 2012) investigated this topic. Whereas one study showed a moderate but significant increase in driving performance (Taillard et al., 2012) the other did not find any difference between the blue light and the red light condition (Phipps-Nelson et al., 2009), although the blue light exposure significantly decreased PVT reaction time. However, further studies are warranted to elucidate this important health and safety issue.
4.3 Wellbeing
The wellbeing of athletes is strained because they are under a lot of pressure to perform well. The desire to perform well might lead to overtraining and mental stress. High stress levels might distract athletes from their optimal performance in competitions. A study stated that stress might lead to injury and issues with their mental health (Rice et al., 2016). Improving wellbeing might hence allow athletes to improve their physical performance. Interestingly, blue light exposure may help relieve athletes of stress and confer relaxation. This systematic review summarized mood, irritability, arousal, tension, and anxiety under the term wellbeing: five out of ten occurrences found blue light exposure to be influencing wellbeing. Out of these five occurrences four found wellbeing to be increased by blue light exposure (Table 5). This suggests that blue light may help athletes to improve their performance. However, there is need for more research regarding the influence of wellbeing on performance. A connection between performance and wellbeing was observed but its underlying mechanism is not understood (Daniels and Harris, 2000). Interestingly, there is evidence for a correlation between injury and stress (Lavallée and Flint, 1996). This might mean, that if an improvement in wellbeing equals lower stress levels, frequency of injury might be decreased. Further research could investigate the influence of blue light on stress levels and survey the occurrence of injury and illness. The review showed that electronic devices and light bulbs emission can improve wellbeing. Athletes could use their smartphones immediately before competitions to distract them from stress and use the blue light from the smartphone as an additional effect to improving wellbeing. As for the question if the research methodology is valid: PANAS, UWIST, and VAS are all valid and reliable methods to measure wellbeing (Matthews et al., 1990; Kreindler et al., 2003; Crawford and Henry, 2004), and POMS was described as a consistent form of measurement (Norcross et al., 1984).
4.4 Limitations
The participants were healthy humans and on average between 20 and 30 years old. The discussed results were applied to athletes, because the average age of the participants lies in the expected age range of athletes. Only three studies (Tulppo et al., 2014; Knaier et al., 2017a; Knufinke et al., 2018) included athletes as study participants. The included studies focused on slightly different research questions, for this reason multiple terms, e.g., sleepiness and fatigue, were summarized under one umbrella term, e.g., tiredness. Since participants were exposed to blue light during mostly non-strenuous and non-athletic tasks, the influence of physical stress and hormones was left unexplored. The influence of mental health on wellbeing and performance and any influence of blue light was not assessed. There is evidence for interactions between sleep, performance and wellbeing, but exploring these further goes beyond the scope of the discussion. To be able to give definitive answers to the question if blue light influences athletes and athletic performance, further studies are needed which specifically discuss the influence of blue light on athletes in different situations. Further, the question if blue light exposure during sleep time (e.g., checking the smart phone at 2 a.m. in the morning) or during actual sleep might be harmful remains unanswered by our review. Thus, further investigations seem warranted so clarify this important topic.
5 CONCLUSION
This systematic review has shown that blue light exposure might influence sleep, performance and wellbeing. A majority of studies found positive effects such as an increase in cognitive performance, alertness and reduced reaction times. Improving cognitive performance is useful in sports which require team-work and decision-making. Additionally, injury might be prevented by increased levels of alertness. Increased wellbeing might reduce stress and therefore lessen the risk of injury. An important negative effect of blue light exposure might be a decrease in sleep quality and sleep duration, because it might negatively influence performance and recovery. However, in general, the specific effects of blue light exposure seem still to be a murky field and more investigations are needed before final firm and evidence-based conclusions can be drawn. Based on our present findings, further research is recommended to determine if blue light exposure can improve athletic performance in specific aspects by influencing sleep, performance and wellbeing.
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321+68
n=8

364+ 102

Activity

Tasks on
portable
device before
bedtime

Facebook
before
bedtime

Bedtime
routine

Watching a
relaxing movie
and reading
tasks.

Reading
before
bedtime

Sitting in the
evening

Tasks on
portable
device during
daytime
routine

Reading
before
bedtime

Cognitive
tasks during
morning
hours

Reading
before
bedtime

Playing games
before
bedtime

Smartphone
use during the
morning

Sitting, office
work during
the day

Elite athletes
training

Sitting st

Sitting during
night shift

Bedtime
routine

Driving
during the
night

Reading a
book

Sitting, post

lunch dip

Spending time
at home

Sitting in the
evening

Office work
during the day

Nightshift
work

Intervention/
Exposure

iPad without BLB
glasses vs. Pad with
BLB glasses

iPad without BL filter
vs. iPad with amber
filter

Yellow tinted safety
glasses vs. BLB
amber glasses

BL computer screen,
(6953 K LED,
440-470 nm) vs.
CCFL (4.775 K)

‘Tablet (452 nm) vs.
hard copy book

BL (65 K) vs.
WL (3K)

Tablets or
smartphones vs. hard
copy book

iPad vs. hard copy
book

BL (470 nm) vs. DSL.

iPad vs. hard copy
book

iPad vs. iPad with
shortwavelength
filter

Smartphone vs.
Smartphone display
filter

L (7K,
420 nm-480 nm vs.
WL (4 K)

BL emitting activities
within the last hour
before bedtime

BL (460 nm) vs.
555 nm-light

BL (17 K) vs. BL
(65 K) vs. WL

BL (750 lux, 3,537 K)
vs. OL (100 lux,
1,500 K) vs. CTRL
(40 lux, 2,600 K)

BL (430 nm) vs. RL
(620 nm)

LED tablet (ASUS
Transformer Pad
TF700) vs. hard copy

BL (470 nm) vs. RL
(630 nm)

BL (5100 K, 450 nm)
vs. Blue-suppressed
light (2800 K,

625 nm)

CL glasses vs. BLB
glasses

BL (420-480 nm)
vs. WL

Intermittent BL
(6000 K) vs.
continuous bright
light vs. continuous
dim light (3600 K)

Duration of
intervention

2h

22.5 min

3h

5h

4h

2h

Everyday use

20 min

30 min

48 min

150 min

3 weeks, office
hours

65h

1 week

30 min

6h

2h

48 min

3 weeks

3h

4 weeks

30 min

Measurement ~ Methodological
tool characteristics

Actigraphy to Controlled study
monitor sleep,
modified KSS and

PSQI
Modified PSQI RCT
Sleep diary with RCT

Likert scale

KDT, KSS Controlled crossover
study

EEG, KSS, PSG RCT, crossover study

All night EEG Controlled crossover
study

Questionnaire Cross-sectional study

Actigraphy, Likert  RCT, crossover study
scale

KSS Controlled study
KSS, Online RCT, crossover study
questionnaire, PSG,

sleep diary

PSG for sleep onset  Counterbalanced
latency, $5§ controlled study

ESS, FSS, PSQI RCT, crossover study

KSS during week ~ Field experiment
counterbalanced

CSD, HSDQ KSS,  Qualitative study
online survey,
diaries, PSQI, SHI

KSD, KSS during BL  RCT

KSS RCT
EEG, VAS RCT, Crossover study
Kss RCT
KSS, PSG RCT
KsS RCT

PSQI, questionnaire  RCT, crossover study

EEG, KS$ Balanced crossover
study

KSS, PSQI Controlled crossover
study

KSS, PSG RCT

Outcome

Sleep efficacy
significant | with
BLB glasses

Sleep latency
significant | with
BLB glasses

Sleepiness no
significant | in BL

Sleep quality no
significant change
in BL

Sleep quality
significant T with
BLB glasses in the
last week

Subjective
sleepiness
significant | in BL

Evening
sleepiness
significant | in BL
Morning alertnes

significantly
delayed in BL

Sleep efficiency,
total sleep time no
significant change
in BL

Sleep latency
significant T in BL

Wakefulness no
significant | in BL

Sleep onset
latency significant
1in BL

Total sleep time
significant | in BL

Sleep duration
and sleep
efficiency no
significant
negative change
in BL

Sleep quality no
significant | in BL

Subjective
sleepiness

significant T in BL
after second night

Sleep duration,
sleep onset
latency no
significant change
in BL

Subjective
sleepiness
significant | in BL

Sleep onset
latency and
subjective
sleepiness no
significant change
in BL

Sleepiness
significant | in BL

Sleepiness
significant T in BL

Sleep onset
latency no
significant | in BL

Subjective
sleepiness
significant |
during BL, but not
at onset of BL
exposure

Slecpiness
significant | in BL

Subjective
sleepiness
significant | in BL
compared to
CTRL

Total sleep time
significant | in BL
compared to OL

Subjective
sleepiness no
significant change
in BL

Slecp duration,
sleep onset
latency, subjective
arousal and
subjective
sleepiness no
significant change
in BL

Subjective
sleepiness no
significant change
in BL

Sleep duration,
sleep quality no
significant change
in BL

Subjective
sleepiness
significant T with
BLB glasses

Daytime
sleepiness
significant | in BL
Evening fatigue
significant | in BL

Sleep duration
significant T in BL

Sleep quality
significant T in BL

Sleep efficiency
significant | in BL
and in continuous
bright light

Sleep onset
latency no
significant change
in BL Total sleep
time significant |
in BL and in
continuous bright

light

Increase (1), decrease (1), blue light (BL), blue light blocking (BLB), cold cathode fluorescent lamp (CCEL), clear lenses (CL), Consensus Sleep Diary (CSD), dawn simulation light (DSL),
clectroencephalography (EEG), Epworth Sleepiness Scale (ESS), Fatigue Severity Scale (FSS), Holland Sleep Disorder Questionnaire (HSDQ), thousand (K), Karolinska Drowsiness Test
(KDT), Karolinska Sleep Diary (KSD), Karolinska Sleepiness Scale (KSS), light emitting diode (LED), orange light (OL), polysomnography (PSG), Pittsburgh Sleep Quality Index (PSQI),
randomized controlled trial (RCT), red light (RL), Sleep Hygiene Index (SHI), Stanford Sleepiness Scale (

$S), Visual Analogue Scale (VAS) and white light (WL).
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Study

Alkozei et al
(2016)

An et al. (2009)

Back and Min
(2015)

Beaven and
Ekstrom (2013)

Cajochen et al.
(2011)

Driller and Uiga
(2019)

Figueiro et al.
(2009)

Gabel et al.
(2013)

Heath et al.
(2014)

Heo et al. (2017)

Knaier et al.
(2017a)

Lehrl et al.
(2007)

Lockley et al.
(2006)

Motamedzadeh
et al. (2017)

Miinch et al.
(2016)

Phipps-Nelson
et al. (2009)

Sahin and
Figueiro (2013)

Scheuermaier
et al. (2018)

Slama et al.
(2015)

Taillard et al.
(2012)

Tulppo et al.
(2014)

Viola et al.
(2008)

Yang et al.
(2018)

Age (years)
participants
(n)

220

209 % 1.1

26+4

238450

28450

231408
n=17

17419

310 +42
n=22

18-35
n=72

302+41

232433
n=18

32.1+68

208
n=13

63.3

21+22
234+ 16

n=25

3324109
n=a4

364+ 102

n=94

2034

n=15

Activity

Sitting

Oddball task

Mental task in
the early
afternoon

Sitting and
listening to
relaxing music
in the late
afternoon

Watching a
relaxing movie
and performing
tasks

Reading before
bedtime

Sitting still

Cognitive tasks
during morning
hours

Playing games
before bedtime

Smartphone use
during the
morning

Endurance
sports

Reading and
writing

Sitting still

Sitting during
night shift

Bedtime routine

Driving during
the night

Sitting, post
lunch dip

Sitting in the
evening

Sitting and
watching a
documentary,
post lunch

Driving during
the night

Earbuds light
treatment
during hockey
ing

Office work
during the day

Nightshift work

Intervention/  Duration of
Exposure intervention
BL (469 nm) vs. 30 min

amber light

(578 nm)

BL (458 nm) vs. GL 20 min

(550 nm)

BL (451 nm) vs. Ih

dark light vs. WL

BL (40 lux, 470 nm) 1h
vs. CAF vs. Placebo
(WL and sugar)

BL computer screen, 5 h
(6.953 K LED,

440-470 nm) vs.

CCFL (4775 K)

iPad vs. hard copy  1h
book

BL (470 nm) vs. RL  April/May
(630 nm) vs. 45 min
preceding dark

conditions

BL(470 nm) vs. DSL 20 min
iPad vs. iPad with 48 min
short wavelength

filter

Smartphone vs. 150 min
Smartphone display

filter

BL (469 nm) vs. 60 min
bright light vs.

control light

BL (455 nm) vs. YL 20 min
(580 nm) vs. WL

BL (460 nm) vs. 65h
555 nm-light

BL (17 K) vs. BL 1 week
(65 K) vs. WL

BL (750 lux, 30 min

3,537 K) vs. OL
(100 lux, 1,500 K)
vs. CTRL (40 lux,
2,600 K)

BL (430 nm) vs. RL 6 h
(620 nm)

BL (470 nm) vs. RL
(630 nm)

48 min

BL (320 uW/cm2)  2h
vs. WL
(370 pW/em2)

BL (460 nm) and 30 min
wake group vs. Nap

BL (468 nm) vs. 4h
CAF vs. placebo
(decaffeinated

coffee)

BL vs. Sham 12 min
BL (420-480 nm) 4 weeks
vs. WL

Intermittent BL 30 min

(6000 K) vs.
continuous bright
light vs. continuous
dim light (3600 K)

Measurement
tool

N-back task

ERP (P300)

CPT, EEG

Go/NoGo

Go/NoGo task,
word pair learning
task

Heart rate monitor

EEG, PVT, self
reports of sleepiness

N-back task,
PVSAT SART, 5-
cognitive tasks

Go/NoGo task

CPT

Handgrip strength
test.

Degree of alertness
on a 7-step rating
scale

Auditory PVT

N-back task

PVT

EEG, PVT, STI
driving Simulator

EEG

Actiwatch,
DSST, EEG

PVT

ILC during BL

PST with visual
warning signals

Likert scale,
Questionnaire

PVT

Methodological
characteristics

Control study

Controlled study

Crossover study

RCT

Controlled crossover
study

RCT, crossover study

Controlled study

Controlled study

Counterbalanced
controlled study

RCT

RCT

Longitudinal study

RCT

RCT

RCT

RCT

RCT

RCT

Controlled study

RCT, crossover study

RCT

Controlled crossover
study

RCT

Outcome

Accuracy no
significant change
in BL

Reaction time
significant | in BL

Cognitive
function is
significant 1 in BL

Reaction time no
significant change
in BL

Reaction times no
significant | in BL

Go/NoGO
reaction times
significant | in
blue-eyed
individuals in BL

Go/NoGO task-
aceuracy no
significant change
in BL

Go/NoGo
performance
significant T BL

Sustained
attention T in BL

Resting and
exercising heart
rates no
significant change

Heart rate
significant T in BL
and RL

Cogpitive
performance no
significant change
in BL

Accuracy (Go/
NoGo task)
significant 1 in BL

Cogpitive
alertness no
significant change
in BL

Commission error
significant 1 in BL

Handgrip strength
and reaction time
no significant
change in BL

Alertness
significant T in BL

Mean auditory
reaction times
significant | in BL

Cognitive
performance
(working
memory)
significant T in
BL 17K
Onmission errors
significant | in
BL 17K
Reaction time
significant | in
BL 17K
Sustained
attention
significant T in
BL 17K

PVT reaction
times significant |
in BL

Driving simulator
lane deviations; no
significant change
across the night in
alllight conditions

PVT reaction

times significant |
in BL

Alertness (alpha
and theta waves)

change in BL

Cognitive
function (DSST)
no significant
change in BL

Accuracy no
significant T in BL

Driving
performance
significant strong
1 with CAF and
significant
moderate T in BL

Motor time with a
visual warning
signal significant |
in BL

Alertness
significant 1 in BL

Concentration
significant T in BL
Daytime
dysfunction
significant T in BL
Work
performance
significant T in BL

Reaction time
significant | in BL

Subjective
alertness
significant T in BL
and in continuous
bright light

Increase (1), decrease (|), bluelight (BL), caffeine (CAF), cold cathode fluorescent lamp (CCFL), Continuous Performance Test (CPT), control lighting condition (CTRL), dawn simulation

light (DSL), 90-s

it-Symbol Substitution Test (DSST), electroencephalography (EEG), event related potential (ERP), green light (GL), inappropriate line crossings (ILC), thousand (K), light

emitting diode (LED), working memory task (n-back task), Psychomotor Speed Test (PST), Paced Visual Serial Addition Task (PVSAT), Psychomotor Viglance Task (PVT), randomized controlled
trial (RCT), red light (RL), Sustained Attention to Response Task (SART) and Systems Technology Incorporated driving simulator (STI), watt (W), white light (WL) and yellow light (YL).
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Keywords Cochrane Embase PubMed Scopus

Hits Selected Hits  Selected Hits  Selected Hits  Selected Hits Selected

studies studies studies studies studies
(1) Blue light exposure OR blue light 3 N/A 11447 N/A N/A N/A 23612 NA NA  NA
(2) Bedtime OR sleep quality OR recovery ~ 533 N/A 700287 N/A 260868 N/A 1205332 N/A NA  NA
OR nighttime OR screen time
(3) Performance OR exercise OR sport OR 3,569 N/A 2358966 N/A 2135923 N/A 6714080 N/A NA  NA
physical activity
(4) Subjective wellbeing OR wellbeing OR 504 N/A 303592 N/A 451906 N/A 24331 N/A NA  NA
mood
Combined keywords
(1) AND (2) 87 NA 467 N/A 92 7 485 N/A NA  NA
(1) AND (3) 3 N/A 757 N/A 18 6 2160 N/A NA  NA
(1) AND (4) 49 NA 134 N/A 48 4 92 N/A NA  N/A
(1) AND (2) AND (3) 2 0 77 2 29 N/A 67 8 9 0
(1) AND (2) AND (3) AND (4) 8 0 19 1 7 N/A 8 0 NA  NA

Number of hits on keywords and combined keywords in Title/ Abstract with advanced search for Cochrane, Embase, PubMed, Scopus and VHL. For PubMed the filter “human” was added.
The cight additional studies from listed references of the included studies are not represented on Table 1. For more information see Figure 1. N/A, Not applicable; VHL, Virtual health
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Study Age (years) Activity Intervention/  Duration of Measurement Methodological ~ Outcome
participants Exposure intervention  tool characteristics
(m)
Burkhartand 34 £ 82 Bedtime Yellow tinted safety 3 h PANAS Controlled study Mood significant 1
Phelps i routine glasses vs. BLB with BLB glasses
(2009) amber glasses
Drillerand 28 £ 5.0 Reading iPad vs. hard copy  1h Likert scale RCT, crossover study ~ Motivation to
Uiga (2019) , _ |, before book exercise no
bedtime significant change in
BL perceived during
exercise and no
significant change
on the following day
Ekstrom and 26 + 4 Sitting during ~ BL (40 lux, 470 nm)  1h SCAS RCT, crossover study ~ Mood significant
Beaven the moming  vs. CAF vs. Placebo strong T in
(2014) (WL and sugar) (BLxCAF)
compared to mood
significant moderate
1 in (BLxplacebo)
Gabel etal. 231 0.8 Cognitive BL (470 nm) vs. DSL 20 min PANAS, VAS Controlled study Subjective wellbeing
(2013) 17 tasks during no significant
morning change in BL
hours
Heo et al. 310 £42 Smartphone  Smartphone vs. 150 min POMS RCT, crossover study ~ Tension and anxiety
(2017) 2 use during the  Smartphone display no significant
morning filter change in BL
Iskra-Golec ~ 28.3 + 2.8 Sitting BL (17 K, 3 weeks, office  Polish adaptation of  Field experiment Energetic arousal
et al. (2012) 420 nm-480 nm) vs. hours the UWIST mood ~ counterbalanced significant T in BL
WL (4K) adjective check list during the morning
n=30 Hedonic tone and
tense arousal no
significant change
in BL
Rangtell etal. ~ adults Reading a Tablet vs. hard copy  2h KS$ RCT Subjective ratings of
(2016) book arousal and other
feelings no
significant change
in BL
Viola etal. 364 £ 102 Office work ~ BL (420-480 nm) 4 weeks H&ES, KSS, PANAS  Controlled crossover  Irritability
(2008) during the day  vs. WL study significant | in BL

=94

Positive mood
significant T in BL

Increase (1), decrease (1), blue light (BL), blue light blocking (BLB), caff

e (CAF), dawn simulation light (DSL), Headache and Eye Strain scale (H&ES), thousand (K), Karolinska

Sleepiness Scale (KSS), Positive And Negative Affect Schedule (PANAS), Profile Of Mood States (POMS), randomized control trials (RCT), Swedish Core Affect Scales (SCAS), University
of Wdes Inetitute of Scienios and Technology (UTWIST): Visosl Anslogie Soale (VAS): and white light (WL):
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