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Abstract

Background: Night shift work leads to severe short- and long-term side effects, posing
a risk to personal and occupational safety.
Objective: This study aimed to test the effects of blue-enriched light-emitting glasses
on sleepiness, alertness, and sustained attention during the early morning hours of
night shift work.
Methods: To remedy the risks of reduced alertness, sustained attention, and increased
sleepiness in a single-blind study design, Luminette® 3 (Lucimed SA, Wavre, Belgium)
glasses emitting blue-enriched light (BL) were tested from 05:00 to 05:30 during night
shift work in 21 participants at a sleep laboratory, and the effects were compared with
those of glasses emitting sham dim red light (DRL). Sleepiness was rated hourly from
21:00 to 07:30 using the Karolinska Sleepiness Scale, while alertness was assessed
using the PC Psychomotor Vigilance Task before and after the intervention. At the end
of the night shift, sustained attention (using the computerized Mackworth Clock Test),
comfort ratings, and fatigue were measured. Statistical analyses were conducted using
the Friedman and Wilcoxon signed-rank tests.
Results: Sleepiness increased significantly throughout the night and was not
significantly reduced after the intervention, with a more prolonged reduction using BL.
Compared with using DRL, using BL revealed no clear benefit in terms of alertness or
sustained attention, yet comfort ratings were slightly better, without any negative side
effects.
Conclusion: In the current study, BL glasses were not clearly superior to DRL glasses
in ameliorating the negative side effects of night shift work. Despite some limitations,
however, this field study showed high ecological validity and demonstrated the
convenient use of an intervention that is easy to implement in a realistic workplace
setting.
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Introduction and background

Night shift work is a major contributor to
economic value creation and myriad so-
cietal and economic benefits worldwide.
According to the German Working Hours
Act (Arbeitszeitgesetz; § 2 II, III, IV ArbZG;
Federal Ministry of Justice [Bundesmin-
isterium der Justiz]), night shift work is
defined as working for longer than 2 h
between 23:00 and 06:00 [10], which ap-

plies to 4.6% percent of employees in
Germany [54]. Despite its benefits for
economies, night shift work poses severe
risks to employees [19]. Humans are pri-
marily diurnal, and night shift work cre-
ates a misalignment between natural cir-
cadian and wake/sleep rhythms [40]. This
leads to an increased risk for cancer and
reduced metabolic, cardiac, and mental
health compared to non-night shift work-
ers [27]. Moreover, a considerable num-
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Table 1 Subjective and objectivemeasurements used throughout the study, alongwith the
parametersmeasured and references
Assessment
and time

Measurements andmeasures Reference/
Manufacturer

Screening

Berlin Questionnaire Sleep Apnea: obstructive sleep
apnea

[39]

Restless legs syndrome diagnostic criteria: restless
legs syndrome

[6]

Sleep disorders

Regensburg Insomnia Scale (RIS): psychophysiologi-
cal insomnia

[18]

Daytime sleepi-
ness

Epworth Sleepiness Scale (ESS): overall daytime
sleepiness, sleep propensity

[28]

Fatigue Severity Scale (FSS): fatigue severity [31]Fatigue

Modified Fatigue Impact Scale (MFIS): fatigue im-
pact

[23, 21]

Pittsburgh Sleep Quality Index (PSQI): overall sub-
jective sleep quality

[11]Sleep quality

Functional Outcomes of Sleep Questionnaire
(FOSQ): overall impact of sleep impairment

[58]

Chronotype Morningness–Eveningness Questionnaire (D-MEQ) [25, 26]

Beck Depression Inventory II (BDI-II): depressive
symptoms

[8]Mental health,
quality of life

Multicultural Quality of Life Index (MQLI): health
and life quality

[37]

Baseline and test nights

Sleep quality
and quantitya

Sleep diary: sleep times before and after test nights
Actigraphy device GENEActiv: activity and sleep
times before and after test nights

ActivInsights, (Hunt-
ingdon, United King-
dom)

Sleepiness Karolinska Sleepiness Scale (KSS): acute levels of
sleepiness

[4]

Fatiguea Fatigue Impact Scale for daily use (D-FIS) German
adaptation: fatigue

[22]

Comfort ratingsa Comfort ratings for sham and active light glasses –

Psychomotor Vigilance Task (PVT): mean RT, refrac-
tional RT, lapses, fastest 10% of reaction times,
slowest 10% of reaction times as measure for
changes in vigilance

[29]Objective psy-
chomotor vigi-
lance, sustained
attention

VIGIL S1–computerizedMackworth Clock Test Vi-
enna Test System (MCT): mean RT, number of false
and true reactions as measure for sustained vigi-
lance under monotonous conditions

Schuhfried GmbH,
Mödling, Austria

aMeasurement not used during the baseline measurement

ber of shift workers suffer from shift work
sleep disorder, which is characterized by
severely disturbed sleep, fatigue, and day-
time sleepiness [44].

In addition to such long-term effects,
sleep deprivation and night shift work in-
crease the risk for work- and commute-
related errors and accidents [2, 5, 17, 20].
Sleep deprivation, a major effect of night
shift work, negatively affects physiolog-
ical sleepiness, performance, concentra-
tion, and sustained attention as well as
cognitive, motor, and memory function,

which are all crucial for work safety, pro-
ficiency, and professionality [15, 42, 49].
Torsvall et al. [55] demonstrated that 20%
of night shiftworkerswereunable tomain-
tain sufficient wakefulness at work, while
Åkerstedt [3] identifiedsomnolenceduring
night shift as one of the most troublesome
symptoms of night shift work, which also
causes impairments on subsequent days
off. This can lead to substantially higher
error rates and performance decrements
[17]. Leeetal. [33]highlightedthedangers
of sleep-deprived driving following night

shift work, revealing that 43.8% of drives
on a closed driving track after night shift
work had to be prematurely terminated
for safety reasons.

Past research has examined various in-
terventions to mitigate these risks (see
Neil-Sztramko et al. [38] and Slanger et al.
[51] for an overview), including caffeine
supplementation, shown to be an effec-
tive countermeasure against sleepiness-
induced errors [56], and napping, which
can effectively reduce sleepiness and in-
crease performance [46]. Evidence for the
effect of pharmacological interventions is
sparse and rather inconclusive [34, 38].
Since some methods are difficult to im-
plement in many work settings (i.e., naps),
research on easily administrable and non-
disruptive methods to increase alertness
and wakefulness during night shift work is
warranted. Interventions using light sup-
plementation use the acute alerting ef-
fects of light at wavelengths of around
460nm or illumination levels around 5000
to 10,000 lx [12, 13, 45]. To ensure conve-
nientapplication indifferentwork settings,
light-supplementing eyeglasses that are
wearable during low- to moderate-inten-
sity work tasks may be a suitable choice.
The use of such glasses has already been
tested in different clinical [24, 30, 32] and
non-clinical settings [16, 48, 50] as well
as in the workplace during daytime work
[9]. Regarding night shift work, Aarts et al.
[1] demonstrated positive effects of using
active light glasses in the middle of the
night on sleepiness during the commute
home. A second study conducted by van
Woerkom [60] compared napping at any
time and/or using light therapy glasses be-
tween 02:00 and 04:00 during night shift
work in terms of positive outcomes on fa-
tigue and wellbeing. However, these stud-
ies did not include objective measures of
alertness and sustained attention. Addi-
tionally, using light therapy glasses during
theearlymorninghourswasnot compared
to a placebo/sham condition.

To the best of our knowledge, no stud-
ies have compared the effects of light-sup-
plementation glasses with those of sham
glasses (i.e., using dim red, non-blue-en-
riched light) on subjective sleepiness, ob-
jective alertness, and sustained attention
during the early morning hours of ac-
tual night shift work. We hypothesized
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Table 2 Inclusion and exclusion criteria for study participation
Inclusion criteria Exclusion criteria

Age 18–65 years
Night shift workers of the Center of Sleep
Medicine Regensburg-Donaustauf or
people shadowing at the Center of Sleep
Medicine used to irregular night shifts
Sufficient cognitive and verbal ability to
understand the study purposes, partic-
ipant information documents, and all
questionnaires and tests
Compliance and willingness to adhere to
the study protocol
Provided written informed consent to
participate in the study

Distinct psychotic symptoms and/or other relevant
cognitive disability
History of any neurologic and/or epileptic disorders
Diagnosed psychological/psychiatric disorders
according to the International Classificationof
Disorders 10th Edition
Sleep disorders diagnosed according to the Interna-
tional Classification of Sleep Disorders 3rd Edition
criteria [7]
Inability to consent
Intercontinental travel within 6 weeks prior to study
participation
Diseases of the eye, such as retinopathy, retinitis
pigmentosa, diabetic retinopathy, macular degen-
eration, glaucoma
Use of psychoactive substanceswithin the prior
week that could influence sleep or wakefulness
History of or current substance use or substance use
disorder according to the Diagnostic and Statistical
Manual of Mental Disorders, 5th Edition criteria
(alcohol, hypnotics, or other substances except
nicotine)

that blue-enriched light supplementation,
comparedwitha shamcondition, canposi-
tivelyaffectnighttimealertnessandsleepi-
ness as well as sustained attention at the
end of the night.

Materials and methods

Study design

The present study comprised a single-
blind, randomized, placebo-controlled,
within-subjects design. After an intro-
duction and screening session, two test
nights were conducted at the Center of
Sleep Medicine of the University of Re-
gensburg. All participants took part in
both the active and the sham conditions
in a randomized order. During the active
condition (blue-enriched light, BL), gen-
uine Luminette® 3 light glasses (Lucimed
SA,Wavre, Belgium)wereusedatan illumi-
nance level of 1500 lx for 30min, emitting
blue-enriched white light at 468nm with
a bandwidth of 70nm. The sham condi-
tion (dim red light [DRL]) included sham
Luminette 3 glasses that emitted light at
660nm with an illuminance level of 175 lx
for 30min. The study was conducted
in accordance with the World Medical
Association Declaration of Helsinki and
was approved by the ethics committee of
the University of Regensburg (reference

number: 20-1835-101). All participants
gave informed written consent.

Measurements and procedure

. Table 1 shows an overview of all mea-
surements included in thescreening, base-
line, and test nights. A detailed descrip-
tion of all measurements included in the
screening and descriptive and statistical
analyses can be found in the Supplemen-
tary Materials Appendix A.

Screening
General information about sleep, sleep
habits, chronotype, (mental) health, de-
pression, quality of life, and sleep disor-
ders such as increased daytime sleepiness,
fatigue, restless legs syndrome, and ob-
structive sleep apnea syndrome were as-
sessed during participant screening (see
. Table 1 and Supplementary Materials
Appendix A for details). We obtained
baseline values for subjective sleepiness
(Karolinska Sleepiness Scale [KSS]), alert-
ness (Psychomotor Vigilance Task [PVT]),
and sustained attention (Mackworth Clock
Test [MCT]).

During screening, participants received
detailed informationontheproceduredur-
ing test nights, which were conducted un-
supervised.

Test nights
Participantsworeanactigraphydevice(GE-
NEActive, Activinsights Ltd, Huntingdon,
UK) from 3 days prior to 3 days after the
test nights to monitor activity and rest
phases regarding study protocol adher-
ence. Throughout the test nights, KSS
and VAS ratings were completed hourly
starting at 21:00 as well as before and af-
ter the alertness and sustained attention
tests. Since the acute alerting effects of
light aremost effective when the circadian
drive for sleep is at its peak between 02:00
and06:00 [12], the interventionphase took
place from05:00 to05:30. During this time,
participantswere instructed to follow their
regular work schedule and to take note of
any notable events (e.g., if a patient moni-
tored in the sleep lab needed the worker’s
attention, the glasses’ usage could be in-
terrupted briefly). Before and after the
intervention, participants completed the
PVT.Ratingsofcomfort for thelightglasses,
fatigue during the night (daily Fatigue Im-
pactScale [D-FIS]), and sustainedattention
wereassessedonceafter completionof the
night shift at 07:00.

The average time between screening
and the first test night was 18.9± 21.1
days (range 2–76 days), and that between
the first and second test night was 8.7±
3.5 days (range 4–18 days).

Participants

Prior to study inclusion, 24 participants
were screened who either worked irregu-
lar night shifts (once or twice per month)
or shadowed night shifts in the sleep lab-
oratory of the Center of Sleep Medicine
Regensburg. A power analysis with an
estimated effect size of dz= 0.60, an α er-
ror of 0.05, and a power of 1– β= 0.80
provided a sample size of 19 participants
for our within-subject design. The final
sampleconsistedof21healthyparticipants
aged19–30years (mean= 23.7 years; stan-
dard deviation= 3.1 years), of whom 20
(95.1%) were enrolled students and 16
(76.1%) were women. The inclusion and
exclusion criteria for study participation
are listed in . Table 2. All participants
received compensation for study partici-
pation. Table B.1 in Supplementary Mate-
rials Appendix B provides an overview of
participants’ screening results and base-
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Fig. 19 Ratings on the
Karolinska Sleepiness Scale
(KSS) throughout the test
nights for the BL (blue-
enriched light) andDRL
(dim red light) conditions;
participants’ KSS scores
ranging from 1 (extremely
alert) to 9 (extremely
sleepy)weremeasured
hourly from 21:00 to 07:30
in the BL andDRL condi-
tions; yellow bar indicates
the period (from05:00 until
05:30) inwhich the light
intervention took place

line PVT and MCT data, which were used
descriptively to exclude any participants
with deficient alertness and sustained at-
tention.

Analyses

All data were pseudonymized before stor-
age. Actigraphy and sleep diary data were
only used to check for adherence to the
study protocol. Four PVT values (three
lapses, one mean RT) and four MCT val-
ues (twocorrectresponses, twofalsestarts)
deviated more than three standard devi-
ations from the group mean and were
considered outliers. Of those, all PVT val-
ues and three MCT values were deemed
systematic and retained in the dataset;
one MCT outlier (correct response) was
identified as unsystematic and replaced by
the group mean. Means, standard devia-
tions, and standard errors were calculated
for descriptive analyses. The Shapiro–Wilk
test was used to check for data normality.
PVT and MCT data were not normally dis-
tributed; all other data were questionnaire
data; therefore, only non-parametric tests
were used for statistical analyses. PVT and
KSS data were analyzed using the Fried-
man test, and significant variables were
entered into the post-hoc pairwise Dunn’s
test with Bonferroni correction. Data from
the MCT, D-FIS, and comfort ratings were
analyzed using the Wilcoxon signed-rank
test with Bonferroni correction for multi-
ple comparisons. All analyses were per-
formed in SPSS software (v29.0; IBM Corp.,
Armonk, NY, USA) and all tests were two-

sided. The significance level was set to α=
0.05.

Results

Subjective sleepiness and fatigue

. Figure 1 shows participants’ KSS ratings
throughout the night from 21:00 to 07:30.

Before the intervention
The Friedman test was used to compare
scores within and between the DRL and
BL conditions. In one comparison, we
analyzed scores at 21:00, 00:00, 03:00,
and 05:00. During this period, subjective
sleepiness increased inboth conditions, (χ2

[7, N= 18]= 86.310, p< 0.001), with sig-
nificant differences in the DLR condition
between 21:00 and 05:00 (z= –4.194, p<
0.001) and between 00:00 and 05:00 (z=
–3.639, p<0.001), aswell as significantdif-
ferences in theBLconditionbetween21:00
and 03:00 (z= –3.994, p< 0.001), between
21:00and05:00(z=–4.778,p<0.001), and
between 00:00 and 03:00 (z= –2.750, p=
0.021). No significant differences were ob-
served in the between-group comparisons
(all p> 0.05).

During the intervention
At 05:30, participants in both conditions
rated their sleepiness to be slightly lower
than before the intervention at 05:00.
However, a second Friedman test re-
vealed no significant differences between
or within conditions (χ2 [3,N= 20]= 4.113,
p> 0.05).

After the intervention
In the early morning hours between 05:30
and 07:00, sleepiness increased in the DRL
condition but decreased further in the BL
condition. This was, however, not signifi-
cant within or between conditions (χ2 [5,
N= 21]= 2.799, p>0.05). At theendof the
night, sleepiness ratings differed signifi-
cantly between 07:00 and 07:30—before
and after the MCT (χ2 [3, N= 19]= 18.058,
p< 0.001, Friedman test). Sleepiness was
significantly higher after the MCT than be-
fore in the BL condition (z= –2.827, p=
0.028) and marginally higher in the DLR
condition (p= 0.06).

At the end of the night, D-FIS rat-
ings were non-significantly higher in the
DLR (11.6± 7.4) compared with the BL
condition (10.9± 7.9; z= –0.507, p> 0.05,
Wilcoxon signed-rank test).

Objective alertness and sustained
attention

. Table 3 shows PVT data before and after
the intervention and MCT data at the end
of the night shift.

PVT performance was worse after both
interventions compared with before, with
a higher number of lapses, mean RT, and
fastest 10% of RTs, showing slightly fewer
false starts and a faster mean RT in the
MCT in the BL condition compared with
the DRL condition. Significant differences
were not, however, found within or be-
tween groups in either the PVT or the MCT
(all p> 0.05).
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Table 3 Performance in the Psychomotor Vigilance Task andMackworth Clock Test VIGIL S1
Descriptive statistics Inferential statistics
DRL condition BL condition

Pre intervention Post intervention Pre intervention Post intervention

M (SD) M (SD) M (SD) M (SD) χ2 (df, N) or z-value p-value
Psychomotor Vigilance Task
Lapses 5.00 (8.72) 7.38 (10.37) 4.48 (5.68) 6.67 (10.25) 3.018 (3, 21)a 0.389

Mean RT 311.97 (80.47) 329.77 (86.94) 315.58 (59.37) 331.00 (91.97) 4.257 (3, 21)a 0.235

FRT 219.22 (22.94) 227.00 (29.42) 222.83 (25.46) 227.00 (26.80) 3.514 (3, 21)a 0.319

Speed (1/RT) 3.53 (0.55) 3.41 (0.62) 3.47 (0.50) 3.41 (0.60) 6.736 (3, 21)a 0.081

Mackworth Clock Test

Correct reactions n. a. 91.62 (8.59) n. a. 92.60 (6.91) –0.589b 0.556

False starts n. a. 4.81 (6.49) n. a. 3.05 (3.06) –1.002b 0.316

Mean RT n. a. 515.57 (74.13) n. a. 510.38 (89.80) –0.939b 0.348

Inferential statistics for comparisons between both conditions were calculated using the Friedman test and Wilcoxon signed-rank test
DRL dim red light, BL blue light,Mmean, SD standard deviation, RT reaction time in ms, FRT fastest 10% of RT, n.a. not applicable
aχ2 (df, N)
bz-value

Table 4 Comfort ratings for the sham and active light glasses
Descriptive statistics Inferential statistics
DRL condition BL condition

Mdn M (SD) Mdn M (SD) z p-value
Rating for intervention (5-point Likert scale: 1= not at all; 5= very): the light glasses. . .

. . . increased my fitness 2 2.1 (1.2) 3 2.7 (1.2) –1.906 0.057

. . . increased my wellbeing 2 2.5 (1.2) 2 2.5 (1.1) –0.288 0.773

. . . facilitatedwakefulness 3 2.9 (1.2) 3 3.0 (1.0) –0.453 0.651

. . .had a positive effect on the morning 2 2.4 (1.0) 3 2.8 (1.2) –1.072 0.284

. . . positively influencedmy concentration 2 2.7 (1.2) 3 2.7 (0.9) –0.066 0.948

. . . irritatedme 3 2.9 (1.4) 3 2.9 (1.3) –0.051 0.959

. . .disturbed me 2 2.5 (1.3) 3 2.9 (1.3) –1.257 0.209

. . . irritatedmy eyes 2 2.3 (1.2) 2 2.5 (1.4) –0.480 0.631

. . .negatively affectedmy view 2 2.4 (1.4) 2 2.4 (1.4) –0.045 0.964

. . .disturbed my work 2 2.1 (1.1) 2 2.0 (1.1) –0.551 0.582

. . .generated disturbing reflections in the com-
puter screen

1 1.8 (0.9) 1 1.9 (1.1) –0.355 0.722

Semantic differential (7-point Likert scale: 1= very. . . ; 4= neither nor; 7= very. . . )

Pleasant–unpleasant 4 4.0 (1.5) 4 4.3 (1.2) –0.717 0.473

Fitness increasing–fitness decreasing 4 3.8 (1.0) 4 3.7 (1.0) –0.241 0.809

Drowsing–activating 5 4.8 (1.6) 5 4.8 (1.3) 0.000 >0.999

Not disturbing–disturbing 4 3.9 (2.1) 4 4.1 (1.8) –0.288 0.773

Too short–too long 4 3.5 (0.8) 4 3.7 (0.8) –1.040 0.298

In the foreground–in the background 3 3.4 (1.5) 4 4.0 (1.3) –1.547 0.122

Weak–strong 4 4.5 (1.2) 4 4.5 (0.9) –0.480 0.631

Overall rating for intervention (6-point Likert scale: 1= not at all; 6= absolutely)
Recommendation 3 3.0 (1.5) 3 3.4 (1.1) –1.331 0.183

Evaluation of the intervention (6-point Likert scale: 1= very good; 6= insufficient)

Grade (i.e., German school grade) 4 3.5 (1.2) 3 3.1 (1.0) –1.253 0.210

DRL dim red light, BL blue-enriched light,Mdnmedian,Mmean, SD standard deviation
Inferential statistics were calculated using the Wilcoxon signed-rank test comparing ratings for the DRL (sham) and BL (active) conditions
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Comfort ratings

. Table 4 provides an overview of partici-
pants’ comfort ratings regarding the light
glasses in both conditions.

Participant ratings showed that the
BL glasses increased participants’ fitness
slightly more than the DRL glasses (p=
0.057). No negative side effects were
reported, with similar ratings for BL and
DRL glasses regarding negative aspects
such as irritation to the eyes, disturbances
to eyesight or work, and reflections on
the computer screen. Using a semantic
differential scale with converse adjectives,
both glasses were rated mostly neutral.
The rating for “recommendation” and
the school grade given by participants
was slightly better for the BL glasses
compared with the DRL glasses. However,
none of these differences were statistically
significant (all p> 0.05).

Discussion

To investigate mitigating the negative ef-
fects of night shift work on alertness and
sleepiness during work hours as well as on
sustained attention after work, we tested
the effects of blue-enriched light therapy
glasses during night shift work and com-
pared these to sham glasses emitting dim
red light without blue enrichment. Some
well-known short-term negative effects of
night shift work became apparent in the
currentstudy, suchas increasingsleepiness
throughout the night, reaction times, and
error rates. However, compared to a sham
condition, our results revealed no clearly
significant benefit of using blue-enriched
lightglasses for 30min from05:00 to05:30.

After a significant increase in sleepiness
throughout the night, the BL intervention
at 05:00 decreased sleepiness until 07:00.
In the DRL condition, sleepiness increased
again after a short decline at 05:30. These
differences were not significant; however,
they may indicate a slight superiority of
the BL glasses to counteract sleepiness.
Similar research conducted by Aarts et al.
[1] also showed no clear sleepiness-related
benefit of using BL glasses compared with
DRL glasses during night shift work, while
van Woerkom [60] showed a beneficial
effect of light therapy glasses on fatigue
during night shift work.

Performance in the PVT was worse af-
ter both interventions and MCT perfor-
mance was similar between groups, with-
out any significant differences. Inconclu-
sive results have been reported from stud-
ies using light (specifically blue-enriched
light) to increase alertness. In particular,
objective outcomes of alertness and sus-
tained attention failed to show substantial
effects [14, 53]. Therefore, the results of
the present study are not an exception.

Comfort ratings were similar for both
the BL and DRL glasses. The BL glasses,
however, were rated to improve fitness
morethantheDRLglasses. Importantly, no
negative side effects were reported. Inter-
vention methods to reduce sleepiness and
improve alertness during night shift work
should be effective, comfortable, and easy
to use and implement. Therefore, the im-
portanceofpositivecomfortratingsshould
not be underestimated. To improve user
comfort, further research should investi-
gate allowing participants to determine
the light intensity and duration of use.

In the context of treatment options,
various studies have provided support for
the beneficial effects of using light therapy
glasses to treat mood disorders [35], sea-
sonal affective disorders [41], and daytime
sleepiness in Parkinson’s disease [43, 52].
Regarding the alerting effects of light ther-
apy glasses during night shift work, the
available literature is much less clear, with
inconclusive results reported byAarts et al.
[1] and positive effects reported by van
Woerkom [60]. The current study aimed
to provide a clearly beneficial intervention
for sleep-deprived night shift workers. De-
spite its comfortable, easy usage and easy
implementation, the active light glasses,
compared with sham glasses, were not
proven to be an effective countermeasure
to the short-term side effects of night shift
work.

This may be explained by the follow-
ing limitations of the present study. A fi-
nal sample size of 21 participants may be
too small to detect significant differences.
However, based onour power analysis, our
sample size should have been sufficient
for this within-subjects design. Further re-
search should include a larger sample size.
The included participants were not typical
night shift workers (i.e., not working sev-
eral night shifts in a row). This may have

influenced the results, considering that the
first night shift in particular can affect sus-
tained attention [47]. We did not include
a control group without an intervention.
The goal of using a sham condition was to
optimize consistency between test nights.
However, this could have led to an expec-
tation bias [59] or a placebo effect of the
sham glasses, which has been reported
in studies using similar sham conditions
[36, 57]. Further research should include
a control condition without a light inter-
ventionto investigate thegeneral effectsof
light supplementation during night shifts,
similar to Comtet et al. [16]. During test
nights, participants were not monitored.
Some may have engaged in activities that
affect sleepiness and alertness even fur-
ther, such as studying. It was, however,
the purpose of the current field study to
investigate the use of light glasses during
night shift work in a workplace setting as
realistically as possible, which is a major
strength of our study.

Conclusion

Night shift workers experience short- and
long-term side effects of sleep depriva-
tion [15] and circadian rhythm disruptions
[40]. Several interventions, including light
supplementation, have been tested to re-
duce the short-term side effects [1, 60],
with often inconclusive results [1, 53]. Our
study is no exception, as no significant im-
provement in alertness was observed on
the basis of objective outcome measures.
However, our study demonstrated the fea-
sibility of a convenient, easy-to-use light
supplement in a real workplace setting
without any negative side effects. As an-
other relatively recent field study showed
promising effects of bright light supple-
mentation using a high proportion of blue
light in industrial eveningshifts [45], future
research should focus on testing various
aspects of light interventions (i.e., mode,
duration, and timing of light application;
light color or intensity; light use during
different shifts) to identify critical factors
that may ameliorate the short-term nega-
tiveeffectsof shiftworkwithoutdisturbing
sleep.

32 Somnologie 1 · 2024



Corresponding address

Julia Ottersbach
Universitäres Schlafmedizinisches Zentrum,
Universität Regensburg am Bezirksklinikum
Universitätsstraße 84, 93053 Regensburg,
Germany
Julia.Ottersbach@psychologie.uni-
regensburg.de

Acknowledgements. We thank all participants for
taking part in the study. Further, we are grateful to
Alexander S. Chockley for English language editing.

Author Contribution. Conception and design
of the study: JO, TCW, RFJP; acquisition: JO, ALE,
KR, TCW, RFJP; analysis of data: JO, ALE, KR, RFJP;
first manuscript draft: JO; all authors reviewed and
approved the final manuscript.

Funding. Open Access funding enabled and orga-
nized by Projekt DEAL.

Data availability statement. Study data are avail-
able from the corresponding author upon reasonable
request.

Declarations

Conflict of interest. J. Ottersbach, A.-L. Eich,
K. Ringeisen, T.C.Wetter andR.F. J. Poppdeclare that
theyhave no competing interests.

Statement for ethical guidelines. The studywas
conducted in accordancewith theWorldMedical As-
sociationDeclaration ofHelsinki and its later amend-
mends andwas approvedby the ethics committee
of theUniversity of Regensburg (reference number:
20-1835-101). All participants gave informedwritten
consent.

Open Access. This article is licensedunder a Creative
CommonsAttribution 4.0 International License,which
permits use, sharing, adaptation, distribution and re-
production in anymediumor format, as long as you
give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons li-
cence, and indicate if changesweremade. The images
or other third partymaterial in this article are included
in the article’s Creative Commons licence, unless in-
dicatedotherwise in a credit line to thematerial. If
material is not included in the article’s Creative Com-
mons licence and your intendeduse is not permitted
by statutory regulation or exceeds the permitteduse,
youwill need toobtain permissiondirectly from the
copyright holder. To viewa copyof this licence, visit
http://creativecommons.org/licenses/by/4.0/.

Reference

1. Aarts MPJ, Hartmeyer SL, Morsink K, Kort HSM,
de Kort YAW (2020) Can special light glasses
reduce sleepiness and improve sleep of nightshift
workers? A placebo-controlled explorative field
study. Clocks Sleep. https://doi.org/10.3390/
clockssleep2020018 (Article2)

2. Åkerstedt T (1998) Shiftwork anddisturbed sleep/
wakefulness. SleepMedRev2(2):117–128. https://
doi.org/10.1016/S1087-0792(98)90004-1

3. Åkerstedt T (2003) Shiftwork anddisturbed sleep/
wakefulness. OCCMED 53(2):89–94. https://doi.
org/10.1093/occmed/kqg046

4. Åkerstedt T, Gillberg M (1990) Subjective and
ObjectiveSleepiness in theActive Individual. Inter-
national Journal of Neuroscience 52(1-2):29–37.
https://doi.org/10.3109/00207459008994241

5. Åkerstedt T, Peters B, AnundA, Kecklund G (2005)
Impairedalertnessandperformancedrivinghome
from the night shift: a driving simulator study.
J SleepRes14(1):17–20. https://doi.org/10.1111/j.
1365-2869.2004.00437.x

6. Allen RP, Picchietti DL, Garcia-BorregueroD, Ondo
WG, Walters AS, Winkelman JW, Zucconi M,
Ferri R, Trenkwalder C, Lee HB (2014) Restless
legs syndrome/Willis–Ekbom disease diagnostic
criteria: updated International Restless Legs
SyndromeStudyGroup(IRLSSG)consensuscriteria
– history, rationale, description, and significance.
SleepMedicine15(8):860–873. https://doi.org/10.
1016/j.sleep.2014.03.025

7. American Academy of Sleep Medicine (2014) In-
ternational classificationof sleepdisorders—third
edition (ICSD-3). AmAcadSleepMed

8. BeckAT, SteerRA, BrownG(1996)BeckDepression
Inventory–II (BDI-II) [Database record]. APA
PsycTests. https://doi.org/10.1037/t00742-000

9. Bragard I, Coucke PA (2013) Impact of the
use of Luminette® on well-being at work in
a radiotherapy department. Cancer Radiother
J De La Soc Francaise De Radiother Oncol
17(8):731–735. https://doi.org/10.1016/j.canrad.
2013.05.014

10. Bundesministerium der Justiz (2023) 2 ArbZG –
Einzelnorm. Gesetze Im Internet. https://www.
gesetze-im-internet.de/arbzg/__2.html

11. Buysse DJ, Reynolds CF, Monk TH, Berman SR,
Kupfer DJ (1989) The Pittsburgh sleep quality
index: A new instrument for psychiatric practice
and research. Psychiatry Research 28(2):193–213.
https://doi.org/10.1016/0165-1781

12. Cajochen C (2007) Alerting effects of light. Sleep
MedRev 11(6):453–464. https://doi.org/10.1016/
j.smrv.2007.07.009

13. Cajochen C, Münch M, Kobialka S, Kräuchi K,
Steiner R, Oelhafen P, Orgül S, Wirz-Justice A
(2005) High sensitivity of human melatonin,
alertness, thermoregulation, and heart rate to
short wavelength light. J Clin Endocrinol Metab
90(3):1311–1316. https://doi.org/10.1210/jc.
2004-0957

14. Canazei M, Staggl S, Pohl W, Schüler S, Betz D,
Ottersbach J, Popp R (2021) Feasibility and acute
alerting effects of a daylight-supplementing
in-vehicle lighting system—results from two
randomised controlled field studies during dawn
and dusk. Light Res Technol. https://doi.org/10.
1177/1477153520982371

15. Caruso CC (2014) Negative impacts of shiftwork
and long work hours. Rehabil Nurs 39(1):16–25.
https://doi.org/10.1002/rnj.107

16. Comtet H, Geoffroy PA, Kobayashi Frisk M,
Hubbard J, Robin-Choteau L, Calvel L, Hugueny L,
ViolaAU,BourginP(2019)Lighttherapywithboxes
or glasses to counteract effects of acute sleep
deprivation. Sci Rep 9(1):18073. https://doi.org/
10.1038/s41598-019-54311-x

17. de Cordova PB, Bradford MA, Stone PW (2016)
Increased errors and decreased performance
at night: a systematic review of the evidence
concerning shift work and quality. Work

53(4):825–834. https://doi.org/10.3233/WOR-
162250

18. Crönlein T, Langguth B, Popp R et al (2013)
Regensburg Insomnia Scale (RIS): a new short
rating scale for the assessment of psychological
symptoms and sleep in insomnia; Study design:
development and validation of a new short self-
rating scale in a sample of 218 patients suffering
from insomnia and 94 healthy controls. Health
Qual Life Outcomes 11:65. https://doi.org/10.
1186/1477-7525-11-65

19. Deutsche Gesellschaft für Arbeitsmedizin
und Umweltmedizin. (2020) S2k-Leitlinie
‘Gesundheitliche Aspekte und Gestaltung
von Nacht- und Schichtarbeit’, Version 2.1.
https://register.awmf.org/assets/guidelines/002-
030l_S2k_Gesundheitliche-Aspekte-Gestaltung-
Nacht-und-Schichtarbeit_2020-03.pdf

20. Fischer D, Lombardi DA, Folkard S, Willetts J,
Christiani DC (2017) Updating the “risk index”:
a systematic review andmeta-analysis of occupa-
tional injuries and work schedule characteristics.
Chronobiol Int34(10):1423–1438. https://doi.org/
10.1080/07420528.2017.1367305

21. Fischer JS, LaRocca NG, Miller DM, Ritvo PG,
AndrewsH, PatyD (1999) Recent developments in
theassessmentofqualityoflifeinMultipleSclerosis
(MS). Multiple Sclerosis Journal 5(4):251–259.
https://doi.org/10.1177/135245859900500410

22. Fisk JD, Doble SE (2002) Construction and
validation of a fatigue impact scale for daily
administration (D-FIS). Qual Life Res 11:263–272.
https://doi.org/10.1023/A:1015295106602

23. Fisk JD, Ritvo PG, Ross L, Haase DA, Marrie TJ,
Schlech WF (1994) Measuring the Functional
Impact of Fatigue: Initial Validation of the
Fatigue Impact Scale. Clinical Infectious Diseases
18(Supplement_1):S79–S83. https://doi.org/10.
1093/clinids/18.Supplement_1.S79

24. Formentin C, Carraro S, Turco M, Zarantonello L,
Angeli P, Montagnese S (2020) Effect of morning
light glasses and night short-wavelength filter
glasses on sleep-wake rhythmicity in medical
inpatients. frontiers in physiology, 11. https://ww
w.frontiersin.org/articles/10.3389/fphys.2020.00
005

25. Griefahn B, Künemund C, Bröde P et al (2001)
Zur Validität der deutschen Übersetzung des
Morningness-Eveningness-Questionnaires von
HorneundÖstberg. Somnologie5:71–80. https://
doi.org/10.1046/j.1439-054X.2001.01149.x

26. Horne JA, Ostberg O (1976) A Self Assess-
ment Questionnaire to Determine Morningness
Eveningness in Human Circadian Rhythms. Inter-
national journalofchronobiology4:97–110

27. James SM, Honn KA, Gaddameedhi S, Van
DongenHPA(2017)Shiftwork: disruptedcircadian
rhythms and sleep—implications for health and
well-being. CurrSleepMedicineRep3(2):104–112.
https://doi.org/10.1007/s40675-017-0071-6

28. Johns MW (1991) A New Method for Measuring
DaytimeSleepiness: TheEpworthSleepinessScale.
Sleep 14(6):540–545. https://doi.org/10.1093/
sleep/14.6.540

29. KhitrovMY, LaxminarayanS, ThorsleyDetal (2014)
PC-PVT: A platform for psychomotor vigilance
task testing, analysis, and prediction. Behav
Res46:140–147. https://doi.org/10.3758/s13428-
013-0339-9

30. Kirschbaum-Lesch I, Gest S, Legenbauer T,
Holtmann M (2018) Feasibility and efficacy of
bright light therapy in depressed adolescent
inpatients. Z Kinder Jugendpsychiatr Psychother

Somnologie 1 · 2024 33

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/clockssleep2020018
https://doi.org/10.3390/clockssleep2020018
https://doi.org/10.1016/S1087-0792(98)90004-1
https://doi.org/10.1016/S1087-0792(98)90004-1
https://doi.org/10.1093/occmed/kqg046
https://doi.org/10.1093/occmed/kqg046
https://doi.org/10.3109/00207459008994241
https://doi.org/10.1111/j.1365-2869.2004.00437.x
https://doi.org/10.1111/j.1365-2869.2004.00437.x
https://doi.org/10.1016/j.sleep.2014.03.025
https://doi.org/10.1016/j.sleep.2014.03.025
https://doi.org/10.1037/t00742-000
https://doi.org/10.1016/j.canrad.2013.05.014
https://doi.org/10.1016/j.canrad.2013.05.014
https://www.gesetze-im-internet.de/arbzg/__2.html
https://www.gesetze-im-internet.de/arbzg/__2.html
https://doi.org/10.1016/0165-1781
https://doi.org/10.1016/j.smrv.2007.07.009
https://doi.org/10.1016/j.smrv.2007.07.009
https://doi.org/10.1210/jc.2004-0957
https://doi.org/10.1210/jc.2004-0957
https://doi.org/10.1177/1477153520982371
https://doi.org/10.1177/1477153520982371
https://doi.org/10.1002/rnj.107
https://doi.org/10.1038/s41598-019-54311-x
https://doi.org/10.1038/s41598-019-54311-x
https://doi.org/10.3233/WOR-162250
https://doi.org/10.3233/WOR-162250
https://doi.org/10.1186/1477-7525-11-65
https://doi.org/10.1186/1477-7525-11-65
https://register.awmf.org/assets/guidelines/002-030l_S2k_Gesundheitliche-Aspekte-Gestaltung-Nacht-und-Schichtarbeit_2020-03.pdf
https://register.awmf.org/assets/guidelines/002-030l_S2k_Gesundheitliche-Aspekte-Gestaltung-Nacht-und-Schichtarbeit_2020-03.pdf
https://register.awmf.org/assets/guidelines/002-030l_S2k_Gesundheitliche-Aspekte-Gestaltung-Nacht-und-Schichtarbeit_2020-03.pdf
https://doi.org/10.1080/07420528.2017.1367305
https://doi.org/10.1080/07420528.2017.1367305
https://doi.org/10.1177/135245859900500410
https://doi.org/10.1023/A:1015295106602
https://doi.org/10.1093/clinids/18.Supplement_1.S79
https://doi.org/10.1093/clinids/18.Supplement_1.S79
https://www.frontiersin.org/articles/10.3389/fphys.2020.00005
https://www.frontiersin.org/articles/10.3389/fphys.2020.00005
https://www.frontiersin.org/articles/10.3389/fphys.2020.00005
https://doi.org/10.1046/j.1439-054X.2001.01149.x
https://doi.org/10.1046/j.1439-054X.2001.01149.x
https://doi.org/10.1007/s40675-017-0071-6
https://doi.org/10.1093/sleep/14.6.540
https://doi.org/10.1093/sleep/14.6.540
https://doi.org/10.3758/s13428-013-0339-9
https://doi.org/10.3758/s13428-013-0339-9


46(5):423–429. https://doi.org/10.1024/1422-
4917/a000603

31. Krupp LB, LaRocca NG, Muir-Nash J, Steinberg
AD (1989) The Fatigue Severity Scale: Appli-
cation to Patients With Multiple Sclerosis and
Systemic Lupus Erythematosus. Arch Neurol
46(10):1121–1123. https://doi.org/10.1001/
archneur.1989.00520460115022

32. LangevinRH,LaurentA,SauvéY(2014)Preliminary
assessmentontheeffectivenessoftheLuminette®
in adolescents with a delayed sleep phase
syndrome (DSPS): randomized single blind
placebo-controlled study. Médecine Du Sommeil
11(2):91–97. https://doi.org/10.1016/j.msom.
2014.03.003

33. LeeML,HowardME,HorreyWJ,LiangY,AndersonC,
ShreeveMS,O’BrienCS,CzeislerCA(2016)Highrisk
of near-crash driving events following night-shift
work. Proc Natl Acad Sci 113(1):176–181. https://
doi.org/10.1073/pnas.1510383112

34. Liira J, Verbeek JH, Costa G, Driscoll TR, SallinenM,
Isotalo LK, Ruotsalainen JH (2014) Pharmaco-
logical interventions for sleepiness and sleep
disturbances caused by shift work. Cochrane
Database Syst Rev. https://doi.org/10.1002/
14651858.CD009776.pub2

35. Maruani J, Geoffroy PA (2019) Bright Light as
a personalized precision treatment of mood
disorders. Front Psychiatry. https://doi.org/10.
3389/fpsyt.2019.00085

36. Mateen FJ, Manalo NC, Grundy SJ, Houghton MA,
Hotan GC, Erickson H, Videnovic A (2017) Light
therapy for multiple sclerosis-associated fatigue:
study protocol for a randomized controlled trial.
Medicine 96(36):e8037. https://doi.org/10.1097/
MD.0000000000008037

37. Mezzich JE, CohenNL, RuiperezMA, BanzatoCEM,
Zapata-VegaMI (2011)TheMulticulturalQualityof
Life Index: presentation and validation. Journal of
Evaluation inClinical Practice17:357–364.https://
doi.org/10.1111/j.1365-2753.2010.01609.x

38. Neil-SztramkoSE, PahwaM, Demers PA, Gotay CC
(2014) Health-related interventions among night
shift workers: a critical review of the literature.
ScandJWorkEnvironHealth40(6):543–556

39. NetzerNC, StoohsRA,NetzerCMetal (1999)Using
theBerlinQuestionnaireTo IdentifyPatientsatRisk
for the Sleep Apnea Syndrome. Ann Intern Med
131:485–491. https://doi.org/10.7326/0003-4819
-131-7-199910050-00002

40. Pallesen S, Bjorvatn B, Magerøy N, Saksvik IB,
Waage S, Moen BE (2010)Measures to counteract
the negative effects of night work. Scand J Work
EnvironHealth 36(2):109–120. https://doi.org/10.
5271/sjweh.2886

41. Pjrek E, FriedrichM-E, Cambioli L, Dold M, Jäger F,
KomorowskiA,LanzenbergerR,KasperS,WinklerD
(2020)Theefficacyof lighttherapyinthetreatment
of seasonal affective disorder: a meta-analysis
of randomized controlled trials. Psychother
Psychosom89(1):17–24. https://doi.org/10.1159/
000502891

42. Popp R, Fulda S (2004) Schlafdeprivation als
experimentelle Methode. Einführung. Dtsch
Ges Schlafforsch Schlafmed H Schulz (hrsg):
KompendiumSchlafmedForschPrax7:1–3

43. Raymackers J-M, AndradeM, Baey E, Vanneste M,
Evrard F (2019) Bright light therapy with a head-
mounteddeviceforanxiety,depression,sleepiness
and fatigue in patients with Parkinson’s disease.
ActaNeurol Belg 119(4):607–613. https://doi.org/
10.1007/s13760-019-01214-3

Zusammenfassung

Lichttherapiebrillen während der Nachtschicht: eine Feldstudie

Hintergrund: Nachtschichtarbeit geht mit negativen Auswirkungen auf Wachheit,
Aufmerksamkeit und Vigilanz sowie erhöhtem Unfallrisiko einher.
Fragestellung: Die vorliegende Studie untersucht, ob eine aktivierende Lichtbrille
mit blau angereichertem Licht die Schläfrigkeit, Aufmerksamkeit und Vigilanz von
Nachtschichtarbeitenden am Ende der Nacht verbessern kann.
Material und Methoden: Die Feldstudie beinhaltete ein einfachblindes, sham-
kontrolliertes Messwiederholungsdesign. Während zweier dienstplankonformer
Nachtschichten eines Schlaflabors wurde von 05:00 bis 05:30 Uhr von den
21 Teilnehmenden randomisiert die Luminette® 3 (Fa. Lucimed SA, Wavre, Belgien)
oder eine rotes Licht emittierende Sham-Lichtbrille getragen. Die subjektive
Schläfrigkeit wurde stündlich mit der Karolinska-Schläfrigkeitsskala gemessen.
Daueraufmerksamkeit und Vigilanz wurden mit dem PC Psychomotor Vigilance Task
direkt vor und nach der Lichtintervention sowie dem computerisierten Mackworth
Clock Test am Ende der Schicht beurteilt. Die statistische Überprüfung der Hypothesen
erfolgte durch Wilcoxon-Rangkorrelationstests für verbundene Stichproben und
Friedman-Tests.
Ergebnisse: Die subjektive Schläfrigkeit stieg im Laufe der Nacht signifikant an
und wurde durch die Intervention mit blau angereichertem Licht länger, jedoch
nicht signifikant verringert. Hinsichtlich Aufmerksamkeit und Vigilanz wurden keine
signifikanten Vorteile der aktivierenden Lichtbrille ersichtlich, wobei diese tendenziell
etwas besser akzeptiert wurde sowie keine Nebenwirkungen auslöste.
Schlussfolgerung: Den negativen Effekten von Nachtschichtarbeit konnte in der
vorliegenden Studie nicht eindeutig durch die Anwendung einer aktivierenden
Lichtbrille im Vergleich zu einer Sham-Brille entgegengewirkt werden. Trotz einiger
Limitationen der Studie wird die einfache, alltagstaugliche Anwendung und Akzeptanz
der Lichtbrille ersichtlich.
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