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Abstract: This study aimed to evaluate the effectiveness of glasses that emit blue light in reducing
the need for recovery, general fatigue, and stress levels in security guards who work night shifts.
Light manipulation is seen as a promising strategy to mitigate complaints related to shift work, such
as sleepiness and impaired cognitive performance. In a randomized controlled cross-over study
design, 86 Dutch security guards used light-emitting glasses (exposure duration: 30 min) during

Er;)edcgtfgsr night shifts in a five week period versus a five week control period without glasses. Measurements
Citation: Helmhout, PH.; (Need for Recovery Scale; Checklist Individual Strength; stress level assessed by a fitness tracker)
Timmerman, S.; van Drongelen, A.; were performed at baseline, at five weeks, and again at 11 weeks. The chronotype was measured
Bakker, E.W.P. The Effectiveness of at baseline as a potential covariate. A mixed model for repeated measure analyses showed no
Blue-Light-Emitting Glasses in significant reduction in the need for recovery, nor a reduction in general fatigue scores, during the

Security Guards Exposed to Night
Shift Work on Work-Related and

General Fatigue: A Randomised

intervention period. Paired Samples T-Test analyses showed no significant changes in stress levels for
the intervention period. Conclusively, blue light exposure using light-emitting glasses for security

guards during night shifts showed no directly measurable effect on the reduced need for recovery,
Controlled Cross-Over Study.
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Published: 24 November 2022 Shift workers form a substantial part of the Western working population. Approxi-
mately one-fifth of the total labour force in the European Union are exposed to working
shifts [1]. In the Netherlands, around 14% of the currently active Dutch population regularly
works in shifts, of which the large majority is often exposed to night work [2].
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{ations. Shift work, including night work, is known to dysregulate the circadian clock [3], the
body’s internal system that is responsible for day and night rhythms of crucial biological

processes such as body temperature, hormone regulation, and the sleep-wake cycle [4].
av The circadian clock needs time to adjust to being active at night, but this time is typically
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memory loss [8-10]. These effects persist on the long term, and become more pronounced
in daily life after ten or more years of exposure to night shifts [11]. Moreover, evidence is
building that long-term shift work is related to chronic health problems such as respiratory
infections, diabetes mellitus (type 2), cardiovascular disease, and cancer [12,13].

The Dutch Society of Occupational Medicine has recently published guidelines on
promising strategies to mitigate the negative consequences of shift work [14]. These
guidelines include good sleep hygiene, adjusting work schedules, power naps, nutritional
adjustments, and light manipulation. The levels of evidence for these different strategies
differ: the guidelines underline the benefits of good sleep hygiene and napping, whereas
the evidence of light manipulation is small and inconclusive, possibly due to the large
heterogeneity of the studies involved with respect to the different modes of light exposure
used, different timing strategies, et cetera. As a result of this lack of evidence, the current
guidelines do not provide advice on whether or how to incorporate light manipulation into
shift work strategies.

The feasibility of light-based interventions over often more complex institutional
changes, such as modifying work schedules or allowing night time naps, has been em-
phasized [15]. Light manipulation is seen as a potentially powerful non-pharmacological
strategy to manipulate melatonin production and, thus, better align circadian rhythms
with shift work schedules [16]. Nevertheless, the usefulness of shifting circadian rhythm in
rapidly rotating shift workers has been questioned [17], and the health effects of long-term
adjustment of the circadian rhythm through light-induced melatonin suppression remain
largely unknown.

In addition to a phase effect, the alerting effect of low-intensity light manipulation may
acutely and temporarily mitigate complaints related to shift work, such as sleepiness and
impaired cognitive performance [17,18]. Light manipulation has been studied in different
shift work settings, such as hospitals [15,18-22], police cars [23], and operator control
rooms [24]. Most studies involve either environmental light adjustments or the usage of
light boxes. Two recent studies have focused on the effectiveness of light manipulation in
hospital nurses using personal light-emitting glasses with specific light frequencies [19,20].

Compared to environmental bright light and light boxes, the light-emitting glasses
that are commercially available nowadays may have some additional potential benefits
regarding ease of use, personalization, and exposure stability irrespective of head posi-
tion [25]. Positive effects of light exposure via light-emitting glasses have been found in
athletes [26]; in patients with sleep disorders [27], depression [28], and Parkinson’s dis-
ease [29]; and in survivors of severe traumatic brain injury [30]. The few studies conducted
thus far that have addressed shift work populations show inconclusive results concerning
the effectiveness and applicability of light-emitting glasses [19,20].

To our knowledge, no controlled field-based study has been performed on the use
of light-emitting glasses in shift work security service settings. Security settings demand
a continuous level of vigilance combined with, depending on job function and location,
low cognitive and physical stimuli, a combination that is prone to induce sleepiness at
night time. A recent unpublished inventory amongst civilian security guards from the
Netherlands Armed Forces Surveillance and Security Organization showed that issues
concerning work stress, fatigue, and the need for recovery from work are a burden to this
group of employees, due to the combined impact of rapidly rotating (night) shift work and
shortage of personnel.

Recent research suggests beneficial effects of light-based interventions for reducing
fatigue in rapidly rotating shift workers over time [15]. Therefore, the aim of this study was
to evaluate the effectiveness of commercially available light-emitting glasses for security
guards exposed to night shift work. It was hypothesized that the alertness effect of low-
intensity light exposure during the shift would have a positive effect on the individual’s
need for recovery and both general and work-related fatigue.
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2. Results
2.1. Participants and Missing Data

Eighty-seven service guards met the inclusion criteria and were included in the study.
The mean age (standard deviation, SD) of the predominantly male (94%) baseline group
was 39.6 (8.1) and ranged between 21 and 60 years. The mean number of years of working in
a security service setting was 15.3 (8.7), ranging between 1 and 38 years. Three participants
(3%) reported they had been using melatonin as a sleep aid in the last month before
study entry; seven subjects (8%) used additional sleep aids (e.g., a sleep apnoea device,
cannabidiol oil), and nine participants used sleep medication prescribed by their general
practitioner. Detailed participant characteristics are presented in Table 1. Group 1 (G1)
started with a five week intervention period using light-emitting glasses during night
shifts, followed by a five week control period without glasses; group 2 (G2) started with
the control period, followed by the intervention period.

Table 1. Baseline characteristics of the study participants. Independent T-tests were used to assess
differences between means of both groups at baseline (G1-G2).

Total Group G1 G2 ’é;\ﬁgl;
Participants (N) 87 45 42
Sex (%):
Male 82 (94%) 42 (93%) 40 (95%)
Female 5 (6%) 3 (7%) 2 (5%)
Age groups (N, %)
21-30 years 10 (12%) 3 (7%) 7 (17%)
31-40 40 (46%) 23 (51%) 17 (40%)
41-50 27 (31%) 13 (29%) 14 (33%)
51-60 10 (11%) 6 (13%) 4 (10%) 0.705
Mean (SD) 39.6 (8.1) 40.0 (8.0) 39.2(8.3) ’
Number of years in service:
1-9 years (N, %) 20 (23%) 8 (18%) 12 (29%)
10-19 44 (51%) 25 (56%) 19 (45%)
20-29 16 (18%) 7 (16%) 9 (21%)
30-38 7 (8%) 5 (11%) 2 (5%) 0.986
Mean (SD) 15.3 (8.7) 16.3 (8.8) 14.2 (8.6) ’
Use of sleep medicine (N, %)
Prescribed by GP 8 (9%) 4 (9%) 4 (10%)
Other (e.g., melatonin) 10 (12%) 6 (13%) 4 (10%)
Chronotype (N, %)
Clearly morning type 13 (15%) 5 (11%) 8 (19%)
More morning than evening type 20 (23%) 13 (29%) 7 (17%)
More evening than morning type 23 (26%) 12 (27%) 11 (26%)
Clearly evening type 31 (36%) 15 (33%) 16 (38%)
Outcomes (mean, SD):
NEFRS 27.6 (23.7) 22.2(19.5) 33.5(26.3) 0.044
CIS 59.2 (20.9) 57.5(19.1) 60.6 (22.9) 0.129

Note. N = numbers, SD = standard deviation, GP = general practitioner, NFRS = Need for Recovery,
CIS = Checklist Individual Strength.

All participants completed each measurement at Ty, Ts, and Ty, with the exception
of one, who dropped out before the last measurement in week 11 due to absenteeism
unrelated to the study.

In total, 14 participants (16%) answered 25 questionnaire items incorrectly: 14 for the
Need For Recovery Scale (NFRS) and 11 for the Checklist Individual Strength (CIS). All
missing questionnaire data were considered missing not at random (MNAR). For the NFRS,
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missing data could likely be ascribed to the dichotomous character of the scale, forcing
participants to make a choice between two badly fitting options. For the CIS, missing data
were seemingly related to the positioning of specific questions in the printed version of
the questionnaire.

Due to technical problems with downloading the stress data from the fitness trackers
onto the data platform, we missed data from all participants. In total, 42% of the stress
data at T5 and 7% of the stress data at T1; went missing completely at random (MCAR), as
there was no way to trace back if stress data were lost before or during the downloading
process. The average stress levels were calculated when a minimum of 480 data points
were available, representing two days of data. Using this threshold, 64 participants (74%)
were included in the statistical analysis.

2.2. Outcomes

The mean scores and standard deviations of the NFRS, CIS, and stress level, for both
groups at the three time points, are presented in Tables 2 and 3.

Table 2. Mean outcome scores of G1 (N = 45) at baseline (Ty), after five weeks of wearing light-
emitting glasses during night shifts (T5), followed by five weeks of not wearing glasses (T11).

G1 NFRS CIS Stress Level
Mean SD Mean SD Mean SD
To 222 19.5 57.5 19.1 - -
Ts 21.2 221 57.4 19.0 30.5 8.9
T11 21.0 242 56.5 20.7 34.3 10.5

Table 3. Mean outcome scores of G2 (N = 42) at baseline (Ty), after five weeks of not wearing
light-emitting glasses during night shifts (T5), followed by five weeks of wearing glasses (T11). One
participant dropped out before Ty;.

G2 NFRS CIS Stress Level
Mean SD Mean SD Mean SD
To 33.5 26.3 60.6 229 - -
Ts 322 28.2 56.4 24.8 329 15.8
T11 304 31.2 55.9 24.7 33.9 9.9

For both groups, the scores of NFRS, CIS, and stress over time are shown in Figures 1-3.
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Figure 1. NFR scores (mean, SD) for group 1 (N = 45) and group 2 (N = 42) at baseline (Ty), after
5 weeks (T5), and after 11 weeks (Tq7).



Clocks&Sleep 2022, 4

679

Checklist individual Strength

90

80

70 T I
60 -

)

o 40
30
20
10
0

Mean CIS
—q
|
—+—
—_—

TO TS T11

Measurements

e GTOUP 1 == @ == Group 2

Figure 2. CIS scores (mean, SD) for group 1 (N = 45) and group 2 (N = 42) at baseline (Tj), after
5 weeks (T5), and after 11 weeks (Tq7).
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Figure 3. Stress levels (mean, SD) for group 1 (N = 45) and group 2 (N = 42) at 5 weeks (T5) and at
11 weeks (T11).

The results for the group-related and time-related intervention effects in the NFRS and
CIS revealed no significant interaction effects (Table 4). Neither the main effects of age and
years in service, nor their interactions with time or intervention sequence, were significant.
No indication of an order effect on the effect of the light glasses was found: differences
between mean scores after five weeks of using light glasses or after a five week control
period were not significant for both NFRS (—0.2; p = 0.54) and CIS (—0.5; p= 0.96). The
Akaike information criterion (AIC) values for goodness of fit of the mixed-effects model
with random intercept were 2217.7 for the NFRS and 2055.8 for the CIS.

Table 4. Results from a Mixed model analyses with three repeated measures for NFRS and CIS.

NFRS CIS
F p Value F p Value
Time 0.662 0.517 3.058 0.050
Intervention sequence 4.409 0.039 0.005 0.943
Time * Intervention sequence 0.246 0.783 2.223 0.111

The average (SD) scores after five weeks of wearing glasses were 25.5 (28.0) for the
NERS and 56.2 (22.6) for the CIS. The scores after the five week control period were
26.6 (25.8) for the NFRS and 57.1 (22.0) for the CIS. The Estimated Cohen’s effect sizes were
not significant for both the NFRS (0.08; 95% CI: —013 to 0.29) and the CIS (0.09; 95% CI:
—0.12 to 0.30).
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The results for stress level showed that the use of light-emitting glasses during a night
shift did not significantly reduce stress level values (mean 1.45; SD 11.47; p value 0.315) in
the study group.

2.3. Adherence to Intervention Protocol

Thirty participants (35%) wore the light-emitting glasses during seven or more night
shifts; 11 participants (13%) during six shifts; 17 participants (20%) during five shifts; and
28 participants (33%) during four or less shifts. Changes within the shift work schedules of
some participants have led to deviations from the number of night shifts during a standard
five week block period, with eight or nine shifts in seven cases, instead of the protocolled
seven shifts. The glasses were used, on average, at 5.3 night shifts (SD = 1.8; range 1-9).
Overall, the light-emitting glasses were used 257 (43%) out of 602 night shifts. Several
reasons for lack of adherence to the intervention protocol were given: ad hoc changes to the
work schedule, leave days, sick leave, and missing app notifications due to technical issues.

2.4. Experiences of the Study Participants

After the study, 31 participants (36%) were motivated to use the light-emitting glasses
more often on duty, while 17 participants (20%) indicated they needed to test the glasses
for a longer period before they were able to make a final judgment on its potential benefits.
38 participants (44%) reported that they had no intention of using the light-emitting glasses
in the future, mainly due to a lack of noticeable positive effects. Seven participants reported
some adverse events when using the glasses (e.g., dry eyes and/or light headache), which
caused one participant to decide to stop wearing the glasses during the remaining shifts.
For the other six subjects, removing the blue-tinted lenses when wearing the glasses in
on-modus gave enough relief to continue wearing them during the rest of the intervention
period. A rare, but relevant, side effect reported by two participants was the more pro-
nounced tendency to nod off during the ride home when using the glasses at the preceding
night shift. In contrast, three participants reported to have, occasionally, more trouble
falling asleep after a shift when they had used the light-emitting glasses.

3. Discussion

The aim of our study was to evaluate the effectiveness of commercially available
blue-light-emitting glasses, in terms of recovery need, fatigue, and related behavioural
aspects, in security guards exposed to night shift work. Lower health and wellbeing levels
have been reported in night security guards, including higher occurrences of occupational
stress, sleep disturbances, and work-related fatigue [31-33]. A recent systematic review
underlined the potential of bright light exposure in shift workers, but emphasized the need
for more and larger randomized controlled trials [34]. We therefore investigated whether
blue light exposure during the night shift could decrease work-related and general fatigue
and stress levels in a group of 86 security guards. The overall results of our study did not
show significant beneficial effects of nocturnal light exposure in our study group. The effect
sizes of the study intervention were small and not significant.

A recent study among hospital nurses by Van Woerkom [19], using similar light
exposure duration per shift, also found no positive effects of light-emitting glasses on
fatigue and psychological well-being after three night shifts. A positive effect was only
found when light-emitting glasses and napping were combined. Another recent study
using light-emitting glasses among hospital nurses did show some positive effects on
different scales for sleepiness, most prominently in the first of three consecutive night
shifts [20]. Light exposure was administered four times, for 15 min, at midnight, 1 am, 2 am,
and 3 am, respectively, and for 30 min within 2 h after waking up. Thus, light exposure
in this study was significantly longer, suggesting that exposure duration may influence
the effectiveness of the light intervention. Moreover, light exposure may have had more
prominent and measurable effects on the momentary sleepiness and vigilance parameters
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that were used in this study compared to outcomes related to longer term fatigue and
well-being, as in our study.

Others have suggested the importance of exposure duration. Two studies with a long
exposure duration (10 to 12 consecutive hours) found positive effects of bright environ-
mental light in reducing sleepiness among intensive care nurses and control room workers
during a 12 h night shift [21,24]. However, another long-exposure study (five consecutive
hours) in police patrol officers found no effects on sleepiness [35], while several recent
studies in nurse populations, with relatively short exposure times comparable to our study
(40 min or less), showed mixed results: Aarts et al. [20] and Olsen et al. [16] reported posi-
tive effects on sleepiness, while no effects were found in studies by Bjorvatn et al. [18] and
Van Woerkom [19]. Definitive conclusions on optimal exposure duration can therefore not
be drawn, also because of the different light intensity levels that were used in these studies.

Light-emitting glasses have a lower light intensity compared to light boxes or envi-
ronmental light, but they are positioned closer to the eyes. A laboratory study tested both
glasses (2000 lux) and boxes (10,000 lux) and found similar positive effect for changes in
sleepiness and vigilance parameters [27]. However, light-emitting glasses had a greater
prolonged effect on vigilance after 2 h of enriched bright light exposure compared to light
boxes. The glasses used in our study produced 35 lux, which was similar to those used in
other studies [19,20]. Still, findings were contradicting, suggesting that exposure intensity
alone is not determinative for the effectiveness of nocturnal light exposure. As recently
suggested, melanopic equivalent daylight illuminance (EDI) may be a more valid determi-
nant of melatonin suppression effects in light glasses [36,37]. Aarts et al. [20] reported an
EDI level of 114 lux provided by the light glasses used in our study, which should induce
phase-shifting and alerting effects after 1 h. This suggests that the light exposure protocol
of our study, as provided by the manufacturer, may have been too low to be effective.

Some methodological aspects concerning the selection of outcomes and study group
characteristics may have contributed to the lack of results found in the current study. Our
primary outcome measure, NFRS, represents self-assessed fatigue and need for recovery
in the preceding 14 days. As mentioned, outcomes related to longer term fatigue and
well-being may be less sensitive to change than momentary sleepiness and vigilance pa-
rameters measured during, or shortly after, the night shift. From an organizational point of
view, lasting improved levels of fatigue and the need for recovery among employees can
be more relevant than acute and short-term effects on sleepiness, as they are more strongly
related to job satisfaction, work absenteeism, or intention to leave the job [35].

Regarding study group characteristics, floor effects may have led to the lack of findings
in our study. First, NFRS has been shown to be age-dependent: aging shift workers
(>45 years) show a significant higher need for recovery compared to younger shift workers
(<45 years) [38,39]. In our study population, age ranged between 21 and 60 years, but with
the majority of participants (74%) being younger than 45. The sensitivity of our primary
outcome may, thus, have been too low to detect significant intervention effects in this
study group.

Second, with a mean NFRS score of 27.6 (23.7), our study group showed lower levels of
the need for recovery than those reported in reference populations. In the Maastricht Cohort
Study [34], men and women showed average NFRS scores of 45.7 and 42.8, respectively,
both controlled for age and long-term disease. In another study [40], a group of nurses who
experienced sleep-related complains had a mean NFRS ranging between 60 and 62, while
those without sleep-related complaints still scored significantly higher (between 45 and 49)
compared to our baseline NFRS scores. We included in our field-based study all guards
that met the inclusion criteria and were motivated to experience the light-emitting glasses
during their night shifts, without assessing whether they had issues related to shift work
such as fatigue or sleep disturbances. Choosing a selected group of guards with actual
problems in this respect, i.e., with potentially higher NFRS scores, might have revealed
more clear effects.
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Third, it seems unlikely that gender plays a crucial role in (blue) light exposure during
night shifts, as both our predominantly male study group and female-dominant nurse
populations [17,19] show inconsistent results regarding the effectiveness of the intervention.
The relatively high level of work experience in our study group (15 years on average), on
the other hand, may have influenced the effectiveness of the intervention under study.
Following the healthy worker effect, more experienced shift workers may have developed
better coping strategies to deal with the negative consequences of their work than shift
workers that quit earlier in their career, thus being more ‘immune’ to new interventions
such as nocturnal light exposure [17]. However, years of experience was not found to be a
significant covariate in our analyses (data not presented).

The design of our study has some strengths and limitations. We used a relatively
robust, though somewhat underpowered, controlled study design in a group of actual
shift-working individuals. The randomization process was intended to ensure that ex-
pected variations in potential influencing factors, such as individual coping strategies
(e.g., caffeine/food intake, sleep strategies prior to/following night shifts), were evenly
distributed between the two intervention groups. To maintain conditions close to daily
practice, we emphasized in our pre-study instructions that participants were allowed to
continue using their personal strategies during the study, both at work and during time
off work.

This field-based approach may have introduced several limitations. Neither the
daytime light exposure preceding the night shift nor the lighting environment at the security
locations were regulated or monitored. Earlier research indicates that light exposure history
can make shift workers more insensitive to additional nocturnal light exposure. One
field-based study showed that nocturnal light exposure was more effective in suppressing
melatonin levels in a group previously exposed to a week of dim light, compared to a group
that was exposed to a week of bright light [41]. A lab-controlled study with participants
who were awake for 24 h showed positive effects of nocturnal light exposure, via glasses and
boxes, compared to ambient dim light, on reduced sleepiness and increased vigilance [27].
All locations in our study used ambient dim lighting at night.

Furthermore, our study was performed from February until June, thus, with increasing
daylight levels that may have influenced the outcomes (i.e., expectedly lower impact of
the light-emitting glasses at night with higher light exposure during daytime). However,
time and group were included as separate factors in our analysis without showing any
statistically significant effects on the results. However, it would be interesting to perform a
future study during wintertime, when daylight levels are substantially shorter and, thus,
the potential of light exposure larger.

A clear limitation of our study was the relatively low rate of intervention compliance
(43% of all designated night shifts) The increased work pressure that the COVID-19 pan-
demic brought to the security service organization under study led to last-minute changes
in duty (leave) schedules, amongst other things, which may have contributed to the low
compliance. However, recent light exposure studies with high compliance rates (above
80%) also showed contradictory findings [15,17]. A low intervention compliance combined
with a 11% lower actual sample size (n = 87) than originally calculated (n = 98), resulting in
a post-hoc power of 0.62, may have dampened the potential effects. Irrespective of power,
the observed effects are small, and clinical relevance is negligible, which can be an accurate
reflection of the real effects when light glasses are used in a non-experimental setting.

In summary, exposure-related and study design-related factors are all intertwined
when it comes to making an effective and feasible nocturnal light exposure protocol. In
our field-based study setting, with approximately seven night shifts in a five week work
schedule, and with an exposure duration of 30 min per night shift, light-emitting glasses
did not have directly measurable effects on the need for recovery, overall fatigue or stress
levels in a group of security guards. Future research is encouraged to optimize an adjusted
nocturnal light exposure protocol, taking into account both short-term and longer-term
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outcome measures, in a larger target population. As suggested elsewhere [42], tailored
protocols that take into account individual circadian timing may be needed in this respect.

4. Materials and Methods
4.1. Study Population

The study population consisted of actively serving civilian security guards from the
Netherlands Armed Forces Surveillance and Security Organization, aged 18-67 years.
Volunteers were recruited from seven patrol areas across the country. Individuals with a
disease of the retina (e.g., macular degeneration) were excluded from the study, as were
individuals who were not capable of fulfilling their regular duty tasks without wearing
their own glasses for at least 30 min.

4.2. Design and Research Protocol

A randomized controlled cross-over trial was performed. The included study partici-
pants were randomly divided into two groups: one group (G1) used blue light-emitting
glasses in a 5 week block schedule, which was followed by a standard 5 week block sched-
ule without glasses. Conversely, the second group (G2) started with a standard five week
block schedule without glasses, followed by a 5 week block schedule with the glasses.

The study was carried out between February and June 2021, using the organization’s
regular work block schedule, which follows the Dutch standards on night work [14]. This
schedule can be labelled as a rapidly rotating shift schedule [15], consisting of a 35 day
(5 weeks) cycle that includes: 5 night shifts of 8 h, 2 night shifts of 12 h, 7 day shifts of
8 h, 2 day shifts of 12 h, 5 evening shifts of 8 h, and 14 days off. Each block schedule,
thus, comprises 7 night shifts: one block of 3 consecutive nights shifts and two blocks of
two consecutive night shifts. See Table 5 for the block schedule used in this study.

Table 5. Regular work schedule used by participating security guards; night shifts are shaded.

Day

Week Monday Tuesday Wednesday Thursday Friday Saturday Sunday
1 D D E E E — -
2 - - D D N WN WN
3 — — PST PST D
4 N N - - - WD WD
5 E E N N = - -

D, Day shift from 06:00-14:15; E, Evening shift from 14:00-22:15; N, Night shift from 22:00-06:15; WD, Weekend
Day shift from 06:00-18:15; WN, Weekend Night shift from 18:00-06:15; PST, Professional Skills Training from
06:00-14:15; —, Planned leave.

After the initial selection of the patrol areas, participants were informed in writing and
orally about the purpose and duration of the study. Upon their decision to participate, an
informed consent form was signed. Randomization was applied per patrol area to allocate
participants to either G1 or G2. Measurements were taken at baseline in week (Ty), after
the first 5 week block schedule in week 5 (T5), and after the second 5 week block schedule
in week 11 (T11)~

4.3. Light Emitting Glasses Protocol

In this study, commercially available blue light glasses (Propeaq Premium Light
Glasses Model 1.0B, Chrono Eyeware BV, Tilburg, The Netherlands) were used, containing
integrated LEDs in the frame (A = 461 + 10 nm, spectral irradiance of 22.34 pW/cm?,
melanopic EDI of 114.38 Ix at the cornea of the eyes) [20]. All participants received extensive
instructions on the use of the glasses and its underlying working mechanisms. Based on
the participant’s personal work schedule and chronotype, tailored user instructions for
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wearing the light-emitting glasses during the 5 week intervention period were provided by
a smartphone app developed by the light glass company.

Participants were instructed to wear the light-emitting glasses for 30 min during the
first half of each night shifts in the intervention period, following the instructions provided
by the manufacturer: light glasses need to be worn for 30 consecutive minutes, unless work
activities were compromized. In the latter case, participants were instructed to use the
glasses two times, for a total of 15 min within one hour. The app provided the time frame
per night in which the light-emitting glasses should be used. In general, the light-emitting
glasses were used between 11 pm and 1 am during the first night shift. For the second night
shift, as well as for the weekend night shifts, the light-emitting glasses were used between
12 and 2 am. Participants had the freedom to choose when to wear the glasses within the
2 h time slot. Furthermore, the participants were advised not to use the light-emitting
glasses at moments other than advised by the app. The study participants were allowed
to use their usual coping strategies, such as caffeine intake. Naps were prohibited due to
management policies.

In a position statement of 2019, the International Commission on Illumination (CIE)
reported that the effects of blue light are harmless for healthy individuals, as no long-term
side effects have been reported thus far [43]. The only contraindication for the use of
light-emitting glasses are diseases that involve the retina of the eye (e.g., diabetes).

4.4, Measurements

The focus in the current study was on self-assessed functioning scores related to
individual work-induced and general fatigue over a period of time, as they were considered
more relevant outcome parameters to the security service context compared to momentary
sleep-related improvements.

We chose the self-perceived need for recovery in the preceding 14 days as our primary
outcome, as measured with the 11-item Need for Recovery Scale (NFRS). The NFRS is
derived from the Dutch Questionnaire on the Experience and Evaluation of Work [44].
Higher scores indicate an increased need for recovery, which is used as an indication of
work-related fatigue.

The secondary outcome measures included self-assessed general fatigue, motivation,
concentration, and physical activity in the preceding 14 days, as measured with the Check-
list Individual Strength (CIS) [45]. A higher overall score refers to an increased general
fatigue, and decreased motivation, concentration, and physical activity levels, which rep-
resent the CIS subscales. The CIS is used to provide an indication of general fatigue and
associated behavioural aspects.

Furthermore, indications of stress and (lack of) physiological recovery were measured
using the parameter Stress Level from a commercially available fitness tracker (VivoSmart 4,
Garmin, Olathe, KS, USA). This parameter is derived from measurements of heart rate
and its derivative heart rate variability, respiratory rate and duration and intensity of body
movements. Participants were instructed to wear the fitness tracker for 5 consecutive days
after each measurement at week Ty, T5, and T11; averaged 5 day values were used.

After the completion of the post-intervention measurement at Ts for G1 and Ty, for
G2, participants were asked to complete additional questionnaire items on intervention
compliance; self-perceived effectiveness; credibility of the intervention; and ease of use of
the light-emitting glasses. At baseline, chronotype was measured as a potential covariate,
using one item of the reduced Morningness—-Eveningness Questionnaire (rMEQ-5), as
suggested by Loureiro & Garcia-Marques [46]. Moreover, age, years in service, and self-
reported use of sleep-stimulating aids and medications in the previous month were assessed
at baseline.

4.5. Sample Size Calculation

The sample size was based on the NFRS score changes. As a reference population
for the current study population, ‘Subpopulation B’, from the Maastricht Cohort Study
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on Fatigue at Work, was used. This subpopulation consisted of approximately 2000 shift
workers with different work schedules and a low to medium educational level [47], which is
comparable to the average education level of the population under study. The mean baseline
of the NFRS overall score of the reference population was 38.4 (standard deviation 27.2).
To detect a relevant 20% decrease in NFRS scores, with a power of 80%, and a significance
level of 0.05, 98 participants were needed in our study:.

4.6. Data Analysis

The data were analysed using IBM SPSS Statistics Version 27. Descriptive statistics
were used to describe basic features of the study population. A mixed model with 3 repeated
measures was used to test group-related and time-related intervention effects for NFRS
and CIS. Chronotype was included in the model as a covariate. Akaike information
criterion (AIC) was used for assessing goodness of fit of the mixed-effects model with
random intercept.

Stress level scores were processed and analysed after uploading the data from the
trackers onto an online data platform (FitRockr Analytics Platform, Berlin, Germany).
Pre-postintervention stress values were analysed with Paired-Samples T Tests.

4.7. Handling of (Missing) Data

Pseudonymized data were collected and merged using participant numbers, and were
analysed following the intention-to-treat principle. Missing NFRS questionnaire data were
handled according to the available questionnaire-specific instructions, which stated that
the sum score should be calculated by dividing the available data points by the number
of correctly answered questionnaire items [48]. For missing data in the CIS subscales, the
mean value of all other available subscale data were imputed. For missing tracker data, a
listwise deletion was applied in case of MCAR.

Author Contributions: Conceptualization, PH.H. and S.T.; methodology, PH.H., S.T. and EW.P.B,;
validation, PH.H., S.T. and EW.P.B.; formal analysis, PH.H., S.T. and EW.P.B.; investigation,
PH.H.,, S.T. and EW.P.B.; resources, PH.H., S.T., A.v.D. and E'W.P.B.; data curation, PH.H., S.T.
and E.W.P.B.; writing-original draft preparation, PH.H. and S.T.; writing-reviewing and editing,
A.v.D., EWPB,; supervision, A.v.D., EW.P.B. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Surgeon General of the Netherlands Armed Forces
Health Services (written permission) and an official Dutch medical ethical committee (METC Brabant,
reference number P2059). The study was registered at the Netherlands Trial Register (ID 9458).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to organizational policy.

Acknowledgments: We would like to thank the management team from the Netherlands Defense
Surveillance and Security Organization and the Surgeon General of the Netherlands Armed Forces
Health Services supported for supporting this study.

Conflicts of Interest: The authors declare no conflict of interest. No one other than the authors had a
role in the design of the study; in the collection, analysis, or interpretation of the data; in the writing
of the manuscript; or in the decision to publish the results.

1.  European Foundation for the Improvement of Living and Working Conditions (Eurofound). Sixth European Working Conditions
Survey—Qwerview Report (2017 Update); Eurofound: Luxembourg, 2017.

2. Working Labor Force. Working Outside Office Hours. Available online: https://www.cbs.nl/nl-nl/cijfers/detail /83259NED#
shortTableDescription (accessed on 30 September 2021).


https://www.cbs.nl/nl-nl/cijfers/detail/83259NED#shortTableDescription
https://www.cbs.nl/nl-nl/cijfers/detail/83259NED#shortTableDescription

Clocks&Sleep 2022, 4 686

@

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Akerstedt, T. Shift work and disturbed sleep /wakefulness. Occup. Med. 2003, 53, 89-94. [CrossRef] [PubMed]

Dibner, C.; Schibler, U. Circadian timing of metabolism in animal models and humans. J. Intern. Med. 2015, 277, 513-527.
[CrossRef] [PubMed]

Yong, L.C.; Li, J.; Calvert, G.M. Sleep-related problems in the US working population: Prevalence and association with shiftwork
status. Occup. Environ. Med. 2017, 74, 93—-104. [CrossRef] [PubMed]

Boivin, D.B.; Boudreau, P. Impacts of shift work on sleep and circadian rhythms. Pathol. Biol. 2014, 62, 292-301. [CrossRef]
[PubMed]

Dembe, A.E.; Erickson, ].B.; Delbos, R.G.; Banks, S.M. Nonstandard shift schedules and the risk of job-related injuries. Scand. J.
Work Environ. Health 2006, 32, 232-240. [CrossRef]

Kecklund, G.; Axelsson, J. Health consequences of shift work and insufficient sleep. BMJ. 2016, 355, i5210. [CrossRef]

Harrison, Y.; Horne, J.A. The impact of sleep deprivation on decision making: A review. J. Exp. Psychol. Appl. 2000, 6, 236—249.
[CrossRef] [PubMed]

Chellappa, S.L.; Morris, C.J.; Scheer, F.A.J.L. Effects of circadian misalignment on cognition in chronic shift workers. Sci. Rep.
2019, 9, 699. [CrossRef] [PubMed]

Marquié, J.C.; Tucker, P; Folkard, S.; Gentil, C.; Ansiau, D. Chronic effects of shift work on cognition: Findings from the VISAT
longitudinal study. Occup. Environ. Med. 2015, 72, 258-264. [CrossRef]

Saulle, R.; Bernardi, M.; Chiarini, M.; Backhaus, I.; La Torre, G. Shift work, overweight and obesity in health professionals:
A systematic review and meta-analysis. Clin. Ter. 2018, 169, e189—e197. [PubMed]

Loef, B.; van der Beek, A.].; Hulsegge, G.; van Baarle, D.; Proper, K.I. The mediating role of sleep, physical activity, and diet in the
association between shift work and respiratory infections. Scand. J. Work Environ. Health 2020, 46, 516-524. [CrossRef] [PubMed]
Background Documents Guideline on Shift Work and Health. 2020. Available online: https://nvab-online.nl/sites/default/files/
bestanden-webpaginas/ADOC_nachtwerk_def 200814.pdf (accessed on 25 March 2022).

Olson, J.A.; Artenie, D.Z.; Cyr, M,; Raz, A.; Lee, V. Developing a light-based intervention to reduce fatigue and improve sleep in
rapidly rotating shift workers. Chronobiol. Int. 2020, 37, 573-591. [CrossRef] [PubMed]

Smith, M.R.; Eastman, C.I. Shift work: Health, performance and safety problems, traditional countermeasures, and innovative
management strategies to reduce circadian misalignment. Nat. Sci. Sleep. 2012, 27, 111-132.

Bjorvatn, B.; Pallesen, S.; Waage, S.; Thun, E.; Blytt, K.M. The effects of bright light treatment on subjective and objective sleepiness
during three consecutive night shifts among hospital nurses—A counter-balanced placebo-controlled crossover study. Scand. |.
Work Environ. Health 2021, 47, 145-153. [CrossRef] [PubMed]

Martin, J.S.; Laberge, L.; Sasseville, A.; Bérubé, M.; Alain, S.; Lavoie, J.; Houle, ].; Hébert, M. Timely use of in-car dim blue light
and blue blockers in the morning does not improve circadian adaptation of fast rotating shift workers. Chronobiol. Int. 2021,
38, 705-719. [CrossRef] [PubMed]

van Woerkom, M. A quasi-experimental study into the effects of naps and therapy glasses on fatigue and well-being. J. Nurs.
Manag. 2021, 29, 562-571. [CrossRef] [PubMed]

Aarts, M.P].; Hartmeyer, S.L.; Morsink, K.; Kort, H.S.M.; de Kort, Y.A.W. Can Special Light Glasses Reduce Sleepiness and
Improve Sleep of Nightshift Workers? A Placebo-Controlled Explorative Field Study. Clocks Sleep 2020, 2, 225-245. [CrossRef]
Griepentrog, J.E.; Labiner, H.E.; Gunn, S.R.; Rosengart, M.R. Bright environmental light improves the sleepiness of nightshift ICU
nurses. Crit. Care. 2018, 22, 295. [CrossRef] [PubMed]

Kakooei, H.; Ardakani, Z.Z.; Ayattollahi, M.T.; Karimian, M.; Saraji, G.N.; Owji, A.A. The effect of bright light on physiological
circadian rhythms and subjective alertness of shift work nurses in Iran. Int. J. Occup. Saf. Ergon. 2010, 16, 477-485. [CrossRef]
[PubMed]

Boivin, D.B.; Boudreau, P; Tremblay, G.M. Phototherapy and orange-tinted goggles for night-shift adaptation of police officers on
patrol. Chronobiol. Int. 2012, 29, 629-640. [CrossRef] [PubMed]

Motamedzadeh, M.; Golmohammadi, R.; Kazemi, R.; Heidarimoghadam, R. The effect of blue-enriched white light on cognitive
performances and sleepiness of night-shift workers: A field study. Physiol. Behav. 2017, 177, 208-214. [CrossRef] [PubMed]
Terman, M.; Terman, J.S. Light therapy. In Principles and Practice of Sleep Medicine, 2nd ed.; Kryger, M., Roth, T., Dement, W.C.,
Eds.; Elsevier: Alpharetta, GA, USA, 2005; pp. 1424-1442.

Knufinke, M.; Nieuwenhuys, A.; Geurts, S.A.E.; Mest, E.LS.; Moen, M.H.; Maase, K.; Coenen, AM.L.; Gijrdijn, M.C.M,;
Kompier, M.A J. Dim light, sleep tight, and wake up bright—Sleep optimization in athletes by means of light regulation. Eur. J.
Sport Sci. 2021, 21, 7-15. [CrossRef] [PubMed]

Comtet, H.; Geoffroy, P.A.; Kobayashi Frisk, M.; Hubbard, J.; Robin-Choteau, L.; Calvel, L.; Hugueny, L.; Viola, A.U.; Bourgin, P.
Light therapy with boxes or glasses to counteract effects of acute sleep deprivation. Sci. Rep. 2019, 9, 18073. [CrossRef] [PubMed]
Kirschbaum-Lesch, I; Gest, S.; Legenbauer, T.; Holtmann, M. Feasibility and Efficacy of Bright Light Therapy in Depressed
Adolescent Inpatients. Z. Kinder Jugendpsychiatr. Psychother. 2018, 46, 423-429. [CrossRef] [PubMed]

Smilowska, K.; van Wamelen, D.J.; Schoutens, A.M.C.; Meinders, M.].; Bloem, B.R. Blue Light Therapy Glasses in Parkinson’s
Disease: Patients” Experience. Parkinsons Dis. 2019, 2019, 1906271. [CrossRef] [PubMed]

Quera Salva, M.A.; Azabou, E.; Hartley, S.; Sauvagnac, R.; Leotard, A.; Vaugier, I.; Pradat Diehl, P,; Valat-Azouvi, C.; Barbot, E;
Azouvi, P. Blue-Enriched White Light Therapy Reduces Fatigue in Survivors of Severe Traumatic Brain Injury: A Randomized
Controlled Trial. . Head Trauma Rehabil. 2020, 35, E78-E85. [CrossRef] [PubMed]


http://doi.org/10.1093/occmed/kqg046
http://www.ncbi.nlm.nih.gov/pubmed/12637592
http://doi.org/10.1111/joim.12347
http://www.ncbi.nlm.nih.gov/pubmed/25599827
http://doi.org/10.1136/oemed-2016-103638
http://www.ncbi.nlm.nih.gov/pubmed/27609325
http://doi.org/10.1016/j.patbio.2014.08.001
http://www.ncbi.nlm.nih.gov/pubmed/25246026
http://doi.org/10.5271/sjweh.1004
http://doi.org/10.1136/bmj.i5210
http://doi.org/10.1037/1076-898X.6.3.236
http://www.ncbi.nlm.nih.gov/pubmed/11014055
http://doi.org/10.1038/s41598-018-36762-w
http://www.ncbi.nlm.nih.gov/pubmed/30679522
http://doi.org/10.1136/oemed-2013-101993
http://www.ncbi.nlm.nih.gov/pubmed/30151553
http://doi.org/10.5271/sjweh.3896
http://www.ncbi.nlm.nih.gov/pubmed/32255192
https://nvab-online.nl/sites/default/files/bestanden-webpaginas/ADOC_nachtwerk_def_200814.pdf
https://nvab-online.nl/sites/default/files/bestanden-webpaginas/ADOC_nachtwerk_def_200814.pdf
http://doi.org/10.1080/07420528.2019.1698591
http://www.ncbi.nlm.nih.gov/pubmed/31823658
http://doi.org/10.5271/sjweh.3930
http://www.ncbi.nlm.nih.gov/pubmed/33080034
http://doi.org/10.1080/07420528.2021.1872592
http://www.ncbi.nlm.nih.gov/pubmed/33588653
http://doi.org/10.1111/jonm.13172
http://www.ncbi.nlm.nih.gov/pubmed/33029828
http://doi.org/10.3390/clockssleep2020018
http://doi.org/10.1186/s13054-018-2233-4
http://www.ncbi.nlm.nih.gov/pubmed/30424793
http://doi.org/10.1080/10803548.2010.11076860
http://www.ncbi.nlm.nih.gov/pubmed/21144266
http://doi.org/10.3109/07420528.2012.675252
http://www.ncbi.nlm.nih.gov/pubmed/22621360
http://doi.org/10.1016/j.physbeh.2017.05.008
http://www.ncbi.nlm.nih.gov/pubmed/28495465
http://doi.org/10.1080/17461391.2020.1722255
http://www.ncbi.nlm.nih.gov/pubmed/32022640
http://doi.org/10.1038/s41598-019-54311-x
http://www.ncbi.nlm.nih.gov/pubmed/31792259
http://doi.org/10.1024/1422-4917/a000603
http://www.ncbi.nlm.nih.gov/pubmed/30015544
http://doi.org/10.1155/2019/1906271
http://www.ncbi.nlm.nih.gov/pubmed/31316746
http://doi.org/10.1097/HTR.0000000000000500
http://www.ncbi.nlm.nih.gov/pubmed/31246878

Clocks&Sleep 2022, 4 687

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Cannizzaro, E.; Cirrincione, L.; Mazzucco, W.; Scorciapino, A.; Catalano, C.; Ramaci, T.; Ledda, C.; Plescia, F. Night-Time Shift
Work and Related Stress Responses: A Study on Security Guards. Int. J. Environ. Res. Public Health 2020, 17, 562. [CrossRef]
[PubMed]

Alfredsson, L.; Akerstedt, T.; Mattsson, M.; Wilborg, B. Self-reported health and well-being amongst night security guards:
A comparison with the working population. Ergonomics. 1991, 34, 525-530. [CrossRef] [PubMed]

Jovanovi¢, J.; Sarac, I.; Martaci¢, J.D.; Oggiano, G.P.; Despotovi¢, M.; Pokimica, B.; Cupi, B. The influence of specific aspects of
occupational stress on security guards” health and work ability: Detailed extension of a previous study. Arh. Hig. Rada. Toksikol.
2020, 71, 359-374. [CrossRef] [PubMed]

Aemmi, S.Z.; Mohammadj, E.; Heidarian-Miri, H.; Fereidooni-Moghadam, M.; Boostani, H.; Zarea, K. The effectiveness of bright
light exposure in shift-worker nurses: A systematic review and meta-analysis. Sleep Sci. 2020, 13, 145-151. [PubMed]

Dall’Ora, C.; Ball, J.; Recio-Saucedo, A.; Griffiths, P. Characteristics of shift work and their impact on employee performance and
wellbeing: A literature review. Int. J. Nurs. Stud. 2016, 57, 12-27. [CrossRef] [PubMed]

Brown, T.M.; Brainard, G.C.; Cajochen, C.; Czeisler, C.A.; Hanifin, J.P.; Lockley, S.W.; Wright, K.P,, Jr. Recommendations for
daytime, evening, and nighttime indoor light exposure to best support physiology, sleep, and wakefulness in healthy adults.
PLoS Biol. 2022, 20, €3001571. [CrossRef] [PubMed]

Giménez, M.C.; Stefani, O.; Cajochen, C.; Lang, D.; Deuring, G.; Schlangen, L.J].M. Predicting melatonin suppression by light in
humans: Unifying photoreceptor-based equivalent daylight illuminances, spectral composition, timing and duration of light
exposure. |. Pineal. Res. 2022, 72, €12786. [CrossRef] [PubMed]

Kiss, P.; De Meester, M.; Braeckman, L. Differences between younger and older workers in the need for recovery after work. Int.
Arch. Occup. Environ. Health 2008, 81, 311-320. [CrossRef] [PubMed]

Gommans, F; Jansen, N.; Stynen, D.; de Grip, A.; Kant, I. The ageing shift worker: A prospective cohort study on need for
recovery, disability, and retirement intentions. Scand. |. Work. Environ. Health 2015, 41, 356-367. [CrossRef]

Silva-Costa, A.; Griep, R.H.; Fischer, EM.; Rotenberg, L. Need for recovery from work and sleep-related complaints among
nursing professionals. Work 2012, 41, 3726-3731. [CrossRef]

Hébert, M.; Martin, S.K.; Lee, C.; Eastman, C.I. The effects of prior light history on the suppression of melatonin by light in
humans. J. Pineal. Res. 2002, 33, 198-203. [CrossRef]

Lammers-van der Holst, HM.; Wyatt, ] K.; Horowitz, T.S.; Wise, ].C.; Wang, W.; Ronda, ].M.; Duffy, ].E.; Czeisler, C.A. Efficacy of
intermittent exposure to bright light for treating maladaptation to night work on a counterclockwise shift work rotation. Scand. J.
Work Environ. Health 2021, 47, 356-366. [CrossRef]

Position Statement on the Blue Light Hazard. Available online: https://cie.co.at/publications/position-statement-blue-light-
hazard-april-23-2019 (accessed on 30 September 2021).

van Veldhoven, M.; Broersen, S. Measurement quality and validity of the “need for recovery scale”. Occup. Environ. Med. 2003,
60, i3-9. [CrossRef]

Beurskens, A.].; Biiltmann, U.; Kant, I.; Vercoulen, ].H.; Bleijenberg, G.; Swaen, G.M. Fatigue among working people: Validity of a
questionnaire measure. Occup. Environ. Med. 2000, 57, 353-357. [CrossRef]

Loureiro, F.; Garcia-Marques, T. Morning or Evening person? Which type are you? Self-assessment of chronotype. Pers. Individ.
Dif. 2015, 86, 168-171. [CrossRef]

Jansen, N.; Kant, I.; van Amelsvoort, L.; Nijhuis, F.; van den Brandt, P. Need for recovery from work: Evaluating short-term
effects of working hours, patterns and schedules. Ergonomics 2003, 46, 664—680. [CrossRef] [PubMed]

Van Veldhoven, M.; Meijman, T.F; Broersen, ].PJ.; Fortuin, R.J. Handleiding VBBA. Onderzoek naar de beleving van psychosociale
arbeidsbelasting en werkstress met behulp van de vragenlijst beleving en beoordeling van de arbeid. In Manual VBBA: Research
on the Experience of Psychosocial Work Load and Job Stress with the Questionnaire on the Experience and Evaluation of Work; SKB:
Amsterdam, The Netherlands, 1997.


http://doi.org/10.3390/ijerph17020562
http://www.ncbi.nlm.nih.gov/pubmed/31952337
http://doi.org/10.1080/00140139108967334
http://www.ncbi.nlm.nih.gov/pubmed/1884708
http://doi.org/10.2478/aiht-2020-71-3379
http://www.ncbi.nlm.nih.gov/pubmed/33410781
http://www.ncbi.nlm.nih.gov/pubmed/32742586
http://doi.org/10.1016/j.ijnurstu.2016.01.007
http://www.ncbi.nlm.nih.gov/pubmed/27045561
http://doi.org/10.1371/journal.pbio.3001571
http://www.ncbi.nlm.nih.gov/pubmed/35298459
http://doi.org/10.1111/jpi.12786
http://www.ncbi.nlm.nih.gov/pubmed/34981572
http://doi.org/10.1007/s00420-007-0215-y
http://www.ncbi.nlm.nih.gov/pubmed/17576592
http://doi.org/10.5271/sjweh.3497
http://doi.org/10.3233/WOR-2012-0086-3726
http://doi.org/10.1034/j.1600-079X.2002.01885.x
http://doi.org/10.5271/sjweh.3953
https://cie.co.at/publications/position-statement-blue-light-hazard-april-23-2019
https://cie.co.at/publications/position-statement-blue-light-hazard-april-23-2019
http://doi.org/10.1136/oem.60.suppl_1.i3
http://doi.org/10.1136/oem.57.5.353
http://doi.org/10.1016/j.paid.2015.06.022
http://doi.org/10.1080/0014013031000085662
http://www.ncbi.nlm.nih.gov/pubmed/12745680

	Introduction 
	Results 
	Participants and Missing Data 
	Outcomes 
	Adherence to Intervention Protocol 
	Experiences of the Study Participants 

	Discussion 
	Materials and Methods 
	Study Population 
	Design and Research Protocol 
	Light Emitting Glasses Protocol 
	Measurements 
	Sample Size Calculation 
	Data Analysis 
	Handling of (Missing) Data 

	References

