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Abstract

Blue light exposure has received negative attention due to its
ability to interrupt the sleep-wake cycle through reducing melatonin
production and increasing alertness. However, when individuals are
exposed to blue light in the morning a number of positive benefits
have been observed.

Purpose: The purpose of this study was to determine if blue light
exposure in the early morning was capable of increasing measures of
lower-body performance.

Methods: Nineteen college aged male and female participants
completed 2 trials with a minimum of 72 hrs between each trial.
For each trial, participants arrived to the laboratory between 0600
and 0900 within 30 min of waking and completed a 30 min warmup
period consisting of 15 min of passive rest and 15 min of cycling
while receiving blue light exposure or florescent light exposure.
Blue light exposure was in the form of glasses that emit 100 lux at
approximately 468 nm wavelength of blue light. Researchers then
measured dynamic knee extensor torque (10 repetitions of isokinetic
knee extension and flexion at 180 and 300° / sec) and peak isometric
knee extensor strength with an isokinetic dynamometer (Biodex
Medical Systems Inc. Shirley, NY). Countermovement vertical jump
(Jump USA Vertec, Sunnyvale CA) was also measured. Due to the
small sample size a Mann—Whitney U test was conducted to analyze
measured variables.

Results: Blue light exposure resulted in non-significant (p > 0.05)
increases in performance for each measured variable (peak torque
180°/sec - 100.8 + 8.3 vs. 94.4 + 8.6 N*m; peak torque 300°/sec -
82.2 + 6.7 vs 76.2 + 7.4 N*m; vertical jump 50.8 £ 2.4 vs. 48.1 +
2.4 cm).

Conclusion: Blue light exposure showed no significant advantage
on lower-body strength and power measures. Further research
that includes a more homogenous group of participants should be

performed to gain a more accurate understanding of any potential
benefits.

Keywords: Blue Light, Lower-body Power, Performance, Pre-
workout, Vertical Jump, Warm-up

Introduction

Natural sunlight is the most prominent source of blue light humans
are exposed to on a daily basis [1]. Optimal exposure to blue light
is vital in maintaining normal circadian rhythm [2]. Blue light
exposure, primarily from screens, has recently gained attention as a
stimulus that negatively disrupts sleep patterns at night. Indeed, blue
light exposure at bedtime can elicit delays in sleep onset and thus
minimize sleep cycle (e.g., slow wave sleep) frequency, decrease
melatonin production, and increase chronic disease morbidity [2,
3]. Conversely, when properly utilized, blue light exposure may
positively impact health and performance. Specifically, exposure to
blue light may allow for faster wound healing [4], effective treatment
of acne [5], and promote an anti-inflammatory response [6]. It
therefore appears that blue light exposure can lead to both positive
and negative effects on health, and should therefore be managed
accordingly.

In high performance environments, a thorough understanding of
both the negative and potential positive effects of blue light exposure
is necessary. While the negative effects of blue light exposure have
been previously documented in the context of circadian rhythm
desynchronization, the potential benefits of blue light are not as well
characterized. However, to date, there is some evidence that blue
light exposure can elicit increases in physical performance [7, 8].
Specifically, increases in alertness, arousal, cognitive performance,
and decreases in reaction time have been observed following blue
light exposure [7]. Researchers hypothesize blue light exposure may
influence neuromuscular mechanisms by activating photosensitive
retinal ganglion cells that project to brain centers, suppressing
melatonin and increasing excitability and motor output [9]. The
purpose of this investigation is to therefore determine the potential
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impact that blue light exposure may have on measures of lower-body
strength and power in recreationally trained college-aged individuals.

Materials and Methods

A repeated measures crossover design was implemented to
determine if blue light exposure could lead to increased performance
in measures of lower-body strength and power in college-aged
participants. Participants were intermediately trained, completing
a minimum of 90 min of structured exercise per week. Following
recruitment and signing of university-approved informed consent,
participants completed two randomized trials. In one trial, participants
were exposed to 30 min of blue light. In the other trial, participants
were exposed to dim florescent light for 30 min. Before each trial,
participants were instructed to refrain from visually engaging their
smartphones, and to not consume caffeine, nicotine, or any other
stimulants after waking and prior to each trial. In the trials in which
participants were exposed to blue light, custom-made glasses,
developed at Texas Woman’s University, were worn by participants
that included light-emitting diodes (LEDs) that were strategically
placed on the frame of the glasses, superior and lateral to each eye.
In a pilot study, blue light exposure using these glasses increased
beta wave activity in the frontal lobe and decreased reaction time for
up to 60 min after use in college-aged participants [10]. In addition,
these glasses have been worn by participants for up to 30 min with no
reported adverse reactions [10]. All data collection procedures were
approved by the Midwestern State University Institutional Review
Board prior to data collection.

Participants reported to the laboratory between the hours of 0600
and 0900 (i.e., within 30 min of waking) for each trial. A minimum
of 72 hr separated the trials. For each trial, participants sat passively
for 15 min while either receiving the treatment (i.e., blue light
exposure) or control (i.e., fluorescent light exposure). Following
this, participants immediately performed a 15 min warm-up on an
electronically braked cycle ergometer (Ergomedic 828E; Monark
Exercise AB, Vansbro, Sweden) at a self-selected cadence and
workload. Participants in the blue light trial continued to wear the
blue light glasses throughout the entirety of the warm-up. Following
the warm-up, participants completed three measures of strength on
an isokinetic dynamometer (Biodex Medical Systems Inc., Shirley,
NY) with their dominant leg. The isokinetic dynamometer was
chosen to allow for maximal force to be applied at a constant angular
velocity. First, participants completed ten repetitions with 60 sec of
rest between each of isokinetic knee (ISK) extension and flexion
performed at 180° and 300°/sec. Then, after a 2 min rest period,
participants completed three sets of 5 sec isometric knee (ISM)
extension with the knee at 90° of flexion with 60 sec of rest between
repetitions. Peak torque (N*m) was obtained for each measure and
utilized for data analysis. Following completion of the isokinetic
and isometric testing, participants completed three maximal effort
countermovement vertical jumps (Jump USA Vertec, Sunnyvale CA)
with 1 min of rest between repetitions. The highest vertical jump
(cm) was recorded for statistical analysis. Due to the small sample
size, a Mann-Whitney U Test was utilized to determine differences
between the trials with statistical significance set a priori at p < 0.05.
Treatment timeline for data collection can be seen in Figure 1.

Participants Report to Lab
Randomization

15-min passive w/ or w/out treatment

0600 - 0900

N

Figure 1: Study Timeline

Lower-body strength
and power measures

15-min warm up w/ or w/out treatment

72-hrs between trials

J

Note. Participants reported between 0600 and 0900 within 30-min of waking and without caffeine consumption.

Results

Nineteen participants including nine males (age = 20.3 + 0.8 yrs,
height = 174 + 2.2 cm, weight = 71.6 + 5.7 kg) and ten females (age
=21.4 £ 0.5 yrs, height = 166.2 £+ 2.3 cm, weight = 69.5 £ 5.6 kg)

completed both trials with a minimum of 72 hrs between each
trial. Participant demographics are provided in Table 1. No adverse
reactions to the 30 min blue light exposure were reported.

Participant Age (years) | Height (cm) | Weight (kg) | Body Mass
Demographics Index (kg/m?)
Male (n=9) 20.3+0.8 174.1+£22 | 71.6+5.7 23.6+3.8
Female (n=10) [21.4+0.5 166.2+23 |169.5+5.6 252+3.5

Table 1: Participant Demographics

Note. Mean =+ sd for age, height, weight, and body mass index of male and female
participants. Years = years of age, cm = centimeters, kg = kilograms, kg/m? =

kilograms per meter squared.
No significant differences in peak torque during ISK and ISM

movements and CMJ height were observed (p > 0.05). Trends toward
improvements in the lower-body strength and power measures were
recorded when exposed to blue light. P-values along with effect size

for each comparison can be seen in Table 2. Peak torque (N*m) for
ISK and ISM measures and CMJ height (cm) for each trial can be
found in Figure 2.

p=

Measure

Peak Torque 180°/sec

Peak Torque 300°/sec

Isometric Knee Extension

Vertical Jump

P -Value | Effect Size (r)\
0.54 0.11
0.71 0.05
0.87 0.02
0.43 0.13

N

Table 2: Results of the Mann-Whitney U Test

J

Note. Effect size calculated as r =z+VN. Effect size - small
(0.1), medium (0.3), and large (0.5).
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k Figure 2: Lower-body Strength & Power Measures )

~

Note. Measured values for isokinetic, isometric, and lower-body power. Mean values listed. N*m = newton-meter, cm =

centimeter.
Discussion

The purpose of this research project was to determine the potential
benefit of blue light exposure on measures of lower-body strength and
power. It is well documented that blue light exposure can improve
alertness and cognitive function. However, previous researchers have
also hypothesized that blue light exposure may improve physical
performance [11] Specifically, similar cognitive outcomes have
been observed with caffeine ingestion and blue light exposure [7,
11, 12]. This is significant as the performance enhancing capabilities
of caffeine ingestion can positively increase jump height, sprint
velocity, and total running distance [13]. Therefore, there is a need
to examine the effects of blue light exposure on similar performance
measures'?.

With regard to physical performance, mixed results exist when
blue light exposure has been utilized to determine its efficacy in
improving cycling performance using a bicycle ergometer [8]. While
increases in cycling performance [14, 15] have been documented
following exposure to blue light, no significant benefit in cycling
performance has been documented in other studies [16, 17]. These
mixed results may be due the varying lengths (30 to 120 min) of
exposure implemented, differing light intensities and wavelengths,
and the time of day of blue light exposure between research reports.
The custom-fabricated glasses used in this study have a controlled
set of blue light exposure characteristics. These parameters, in
combination with the personalized delivery of the blue light, may
improve alertness and reaction time for up to 60 min following
exposure, though this was not measured in the current study’.

Early morning exposure was also utilized in this study because
exercise in the morning hours is common among individuals, more
specifically college-aged athletes.

Given this study was the first to investigate the effects of blue light
on strength and power, there are potential limitations that must be
addressed. This investigation utilized male and female participants.
Gender differences in strength and power led to large variance in
measured variables. Participants who exercised for a minimum of
90 min per week were included in the study leading to a large range
of physiological abilities being included. Among the participants
were both male and female college-aged athletes, who would be
considered very well-trained, and participants who only performed
the minimum amount of weekly exercise to meet the inclusion
criteria. In addition, college-aged participants were chosen out of
convenience. Researchers were unable to control for factors such as:
stress, sleep quality, or nutrition. Despite these potential limitations
it appears blue light exposure may provide some improvements in
performance; thus, further research is warranted.

The goal of the current research project was to characterize any
potential benefit of blue light exposure with regards to lower-body
strength and power measures. While no significant differences were
found, with a larger sample size, lower-body strength and power may
respond favorably to exposure to blue light. Further research that
includes a more homogenous group of participants (e.g., well-trained
adults, elite athletes) should be performed to gain a more accurate
understanding of the potential benefits of blue light exposure prior to
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exercise. Additionally, research focused on individuals exercising or

competing at high intensities in the early morning hours or on little
sleep may prove beneficial.

Competing interests: All authors have no competing interests
when completing this article.
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