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EXECUTIVE SUMMARY

Lighting design for office buildings has focused largely on the amount of light needed for
work, strategies to reduce visual discomfort, and the use of daylight as a means to reduce
energy in buildings. However, the lighting characteristics affecting the biological clock
are different than those affecting the visual system. Little attention has been given to
understanding how light affects occupants’ psychological and physiological systems,
including circadian functions that regulate sleep, mood, and alertness. Daylight is an ideal
light source for the circadian system, but it is not known whether those who work in
spaces that have daylight are indeed receiving enough light to promote circadian
entrainment while in their office spaces.

Researchers from the Lighting Research Center (LRC) at Rensselaer Polytechnic
Institute, together with U.S. General Services Administration (GSA) staff assessed office
occupants’ experience of light to identify health outcomes linked to measured light
exposure. If health benefits are identified, this could have far-reaching effects on
sustainable lighting design as not just a means to achieve energy efficiency goals but a
means to enhance the health and wellbeing of federal workers, improve overall work
effectiveness, and reduce long term health problems associated with circadian disruption
(including sleep problems, mood disorders, and cardiovascular impacts). Furthermore,
new technologies such as LED lighting could enable greater control over both the amount
of light and its spectral characteristics, both of which are known to influence circadian
processes and health outcomes in experimental settings.

Presented here are data from 15 participants working at the Edith Green-Wendell Wyatt
Federal Building in Portland, Oregon, who agreed to wear the Daysimeter, a calibrated
light and activity meter, for seven consecutive days during the months of May and June
2014 and repeat the study during the months of November and December 2014.
Daysimeters measure continuous light exposures, allowing researchers to perform
calculations of how much light that is effective for the circadian system (i.e., circadian
stimulus, or CS) the occupants of the building may be receiving. Participants wore the
Daysimeter while awake (both in the office and at home) and during sleep, and also filled
out a series of self-reports probing their sleep quality, depression, and mood scores. Data
for the 24 participants who participated in the summer months only (which includes the
15 participants whose data are being reported here) were already presented in a report
delivered to the GSA in August 2014.

Results during the summer months showed that the CS experienced by participants
during the work week and while awake was close to the desired CS value of 0.3 [mean +
standard deviation (SD) = 0.24 + 0.07]. The data suggest that participants were exposed
to the highest CS values during their working hours, compared to when at home (early
morning and evenings). LRC researchers calculated the CS values between 8:00 a.m. and
5:00 p.m. and found that the mean + SD CS value was 0.28 £ 0.1, while the mean CS
value outside working hours was 0.19+ 0.08. (CS value is a surrogate for how much that
light stimulus activates the circadian system; a CS value of 0.24 is representative of a
circadian stimulus that would result in 24% melatonin suppression if similar light levels
were experienced at night for one hour, while values above 0.4 suggest a strong
stimulation of the circadian system.) The geometric mean of the light levels experienced
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by participants during the work week was 178 lux and the arithmetic mean was 1152 lux.
The geometric mean during work hours (8:00 a.m. to 5:00 p.m.) was 50 lux and the
arithmetic mean was 871 lux.

Phasor magnitudes were used as a measure of circadian entrainment. It quantifies
circadian entrainment/disruption in terms of phase and amplitude relationships between
measured light-dark and activity-rest patterns. Phasor magnitudes in this population
(mean = 0.3) were lower than what the LRC has measured in other dayshift workers (e.g.,
teachers or nurses), which had mean phasors of 0.4 to 0.5 (Rea et al. 2011; Miller et al.
2010). Participants slept on average 5.9 hours, had a sleep latency of about 22 minutes
and a sleep efficiency of 78%. Pittsburgh Sleep Quality Index (PSQI) scores in 12
participants were greater than 5, indicating poor sleep quality, while six participants had
scores of 5 or less, indicating no sleep disturbance (one participant did not fill out the
PSQI questionnaire). The PROMIS Global Score, another scale probing sleep
disturbances, was above 25 for two participants, indicating sleep disturbances. The same
two participants who reported having sleep disturbances also reported feeling depressed.

During the winter months, CS experienced by participants during the work week and
while awake was lower than the desired amount (mean = SD = 0.12 + 0.04) and
significantly lower than the values experienced in summer months (p<0.00). LRC
researchers calculated the CS values between 8:00 a.m. and 5:00 p.m. and found that the
mean CS £ SD value was 0.18 £ 0.06, while the mean CS value outside working hours
was close to 0.04 £ 0.02. The mean light level was 91 lux during the work week and
outside working hours it was much lower (average = 10 lux).

Phasor magnitudes in winter months (mean = 0.28) were very similar to summer months,
while phasor angles were significantly different between the two seasons (0.49 hours in
summer and 2.11 hours in winter). Participants slept on average 6.1 hours, had a sleep
latency of 19 minutes and a sleep efficiency of 79%. None of the sleep parameters were
significantly different between summer and winter months. The PROMIS Global Score
for two participants was above 25, indicating sleep disturbances. The two same
participants who reported feeling depressed in the summer also reported feeling
depressed in the winter.

Contrary to the original hypothesis, researchers did not observe any significant
differences in sleep parameters and in questionnaire responses between winter and
summer months. Unlike the results collected at the Wayne N. Aspinall Federal Building
in Grand Junction, CO, which showed that sleep efficiency and duration was increased in
summer months compared to winter months, the present results did not show any
significant changes in sleep parameters or in subjective responses of mood, depression,
and sleep quality between the two seasons. There were no correlations between CS values
and self-reports of mood and sleep disorders in either season. While some elevated mood
and sleep disturbances were self-reported, they may have been associated with life events
that are independent of the amount of daylight exposure that the participants received.

It is not known whether the circadian system will adapt to lower light levels and whether
this stimulus, given that it was the strongest that participants received during the day,
would be sufficient to maintain entrainment to the 24-hour solar day. It is also not known
whether people living in gloomy environments, such as the Northwest, will adapt to
lower light levels and the shorter photoperiod in winter months would be less impactful
in this population. In other words, those who cannot adapt to less daylight availability are
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not willing to live in the places like Portland, OR. It is possible that conducting additional
studies with larger data sets could determine whether a correlation exists between
circadian light exposures at work and self-reports of sleep and mood.

BACKGROUND

Lighting design for office buildings has focused largely on the amount of light for work,
strategies to reduce visual discomfort, and the use of daylight as a means to reduce
energy in buildings. Little attention has been given to understanding the experience of
light, especially how it affects occupants’ psychological and physiological systems,
including circadian functions that regulate sleep, mood, alertness, and seasonal affective
disorder (SAD).

It is well known that people like daylight in their work environment (Boyce et al. 2003;
Cuttle 1983; Heerwagen & Heerwagen 1986; Hopkinson & Kay 1969). It has been
argued that daylight also positively affects performance (Heschong Mahone Group 1999,
2003a, 2003b), but a cause-and-effect mechanism relating daylight to good performance
has never been shown. Daylight is certainly not a special light source for vision, and the
link between improved psychological wellbeing and improved performance cannot be
reliably shown (Boyce 2004; Boyce & Rea 2001). But another line of research has
emerged in the last 30 years, one potentially providing a physiological foundation for the
widely accepted, yet again, undocumented belief that daylight improves productivity.

Basic research in circadian photobiology (Arendt 1995; Klein 1993; Moore 1997; Turek
& Zee 1999) suggests that light plays a very important role in regulating the circadian
(approximately 24-hour) patterns of human behavior by directly affecting the internal
timing mechanisms of the body (Jewett et al. 1997; Lewy et al. 1982; Turek & Zee 1999;
Van Someren et al. 1997). In contrast to the visual system, however, the circadian system
requires higher light levels and shorter wavelength (i.e., blue) light to be activated
(Brainard et al. 2001; Mclntyre et al. 1989; Thapan et al. 2001). Moreover, since humans
evolved under patterns of daylight and darkness, it is conceivable that the physical
characteristics of daylight (i.e., quantity, spectrum, distribution, timing, and duration)
might be fundamentally important to the regulation of human performance through the
circadian system (Rea et al. 2002).

Light exposure through retinal non-visual pathways is an important regulator of circadian
functions. Via the retinohypothalamic tract (RHT), neural signals are sent to the
biological clock located in the suprachiasmatic nuclei (SCN). To regulate circadian
functions such as body temperature, melatonin production, sleep, and activity-rest
behavior, the SCN sends neural signals to other regulatory neural structures in the brain,
most notably the pineal gland that stops production of the hormone melatonin when the
retina is exposed to sufficient light at night. Light is the primary stimulus for regulating,
through the SCN, the timing and the amount of melatonin produced by the pineal gland at
night and, presumably, its effects on integrated behaviors such as subjective alertness and
performance. When considering the importance of light to the circadian system and the
lighting characteristics affecting it, daylight is a remarkably ideal light source for the
circadian system.

Since light plays an important role in regulating human behavior through this circadian
clock, daylight acting on the circadian system could conceivably positively affect
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performance. Present-day electric lighting is manufactured, designed and specified only
to meet visual requirements, so daylight in buildings may indeed provide a special light
source for driving and regulating human circadian behavior because it is dominated by
short-wavelength radiation and has a high intensity. Furthermore, the use of new
technologies such as LED lighting can enable greater control over both the amount of
light and its spectral characteristics, both of which are known to influence circadian
processes and health outcomes in experimental settings. Thus, it is reasonable to pursue
the hypothesis that daylight might improve health and wellbeing through the circadian
system, or, conversely, that chronic lack of daylight exposure during daytime hours may
be promoting circadian disruption and negatively affecting health and mood.

However, there are no data currently available on the light-dark exposure patterns in
people working in buildings that were designed to utilize daylight. Therefore, the
overarching goal of this research is to assess occupant experience of light and to identify
health outcomes linked to measured light exposure. If health benefits are identified, this
could have far-reaching effects on sustainable lighting design as a means to achieve
energy goals as well as to enhance the health and wellbeing of federal workers, improve
overall work effectiveness, and reduce long term health problems associated with
circadian disruption (including sleep problems, mood disorders, and cardiovascular
impacts).
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METHODS

PARTICIPANT RECRUITMENT

All participant recruitment was performed by U.S. General Services Administration
(GSA) staff that did not have a direct working relationship with the employees. GSA staff
organized informational sessions at the building during lunchtime hours. There were no
exclusion criteria to participate in the study. Two informational sessions were held on
April 22 and 23, 2014. All interested parties were invited to attend and ask questions
about the research protocol. If interested, participants contacted the Lighting Research
Center (LRC) and signed up for the study. A GSA employee was the point person on site
and distributed and collected all the devices and questionnaires. The LRC was able to
recruit 29 participants for the summer portion of the study; 24 participants completed the
study and had usable data (results were reported to GSA in August 2014). The same
participants were contacted in late October/early November and 20 participants agreed to
repeat the study in winter months. Of those, 15 participants had complete data sets for
summer and winter months and their results are reported in this report.

MEASUREMENT PROCEDURES

DEVICES

The Daysimeter, a calibrated light measuring device, was used to collect personal light
and activity data. Light sensing by the Daysimeter is performed with an integrated circuit
(1C) sensor array (Hamamatsu model S11059-78HT) that includes optical filters for four
measurement channels: red (R), green (G), blue (B), and infrared (IR) (Figueiro et al.
2013). The R, G, B, and IR photo-elements have peak spectral responses at 615
nanometers (nm), 530 nm, 460 nm, and 855 nm, respectively. The Daysimeter is
calibrated in terms of orthodox photopic illuminance (lux) and of circadian illuminance
(CLA). CLa calibration is based upon the spectral sensitivity of the human circadian
system. From the recorded CLa values, it is then possible to determine the magnitude of
circadian stimulus (CS), which represents the input-output operating characteristics of the
human circadian system from threshold to saturation. Briefly, illuminance is irradiance
weighted by the photopic luminous efficiency function (V(L)), an orthodox measure of
the spectral sensitivity of the human fovea, peaking at 555 nm. CL 4 is irradiance
weighted by the spectral sensitivity of the retinal phototransduction mechanisms
stimulating the response of the biological clock, based on nocturnal melatonin
suppression. CS is a transformation of CL 4 into relative units from 0, the threshold for
circadian system activation, to 0.7, response saturation, and is directly proportional to
nocturnal melatonin suppression after one hour exposure (0% to 70%).

Recordings of activity-rest patterns were based upon the outputs from three solid-state
accelerometers calibrated in g-force units (1 g-force = 9.8 m/s) with an upper frequency
limit of 6.25 Hz. An activity index (Al) is determined using the following formula:

Al =k \/ (SS + 5SS, +5S,)/n

SSy, SSy, and SS; are the sum of the squared deviations from the mean of each channel
over the logging interval, n is the number of samples in a given logging interval, and k is
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a calibration factor equal to 0.0039 g-force per count. Logging intervals for both light and
activity were set at 90 seconds.

The goal of collecting personal light exposures from the workers is related to the effects
of light on circadian rhythms. Circadian rhythms are every rhythm in our body that
oscillates with a period close to 24 hours, and this 24-hour oscillation repeats daily. An
example of a robust circadian rhythm is the production of the hormone melatonin by the
pineal gland. Melatonin is always released in the bloodstream at night and under
conditions of darkness, and signals darkness to the body. Peak melatonin levels occur in
the middle of the night, while the trough occurs in the middle of the day. In the absence
of external cues, such as light-dark patterns, circadian rhythms will run with an average
period of 24.2 hours; as a consequence, the peak and trough of melatonin would occur
10-15 minutes later every day. Morning light resets our biological clock daily and
entrains us to the 24-hour solar day. Lack of entrainment has been associated with
circadian disruption, which means that the peaks and troughs of various circadian
rhythms are occurring at times in which it should not be occurring (e.g., melatonin levels
are peaking during the daytime). Furthermore, the lighting characteristics affecting the
biological clock are different than those affecting the visual system. In brief, humans
need at least 10 times more light to activate their circadian system than to see. Light
levels used in offices (e.g., 500 lux [approx. 50 footcandles (fc)] on the work plane; about
100-200 lux [approx. 10-20 fc] at the cornea) are sufficient for a person to read black
fonts on white paper, but only slightly affect the biological clock. The biological clock is
sensitive to blue light (460 nm), while one aspect of the visual system (i.e., acuity) is
maximally sensitive to yellow-green (555 nm). The biological clock cares about when
people are exposed to light over the course of the 24-hour day. Morning light will help a
person go to bed earlier and wake up earlier while evening light will help a person go to
bed later and wake up later. Therefore, being able to measure light that affects the
circadian system using a calibrated device, and more importantly, being able to know
when a person is exposed to circadian light over the course of the 24-hour period is
crucial. The Daysimeter serves this purpose.

Daylight is an ideal light source for the circadian system, but it is not known whether
those who work in spaces that have daylight are indeed receiving enough light to promote
circadian entrainment while in their office spaces. More importantly, the amount of
evening light one is exposed to may cancel out the effect of morning light; therefore,
being able to measure light over the course of the entire waking period is imperative to
understand the possible effects of light on health, mood and wellbeing. The goal of this
project was to investigate the amount of circadian light one is being exposed to while
working in a building where daylight is prominent, and outside of working hours. This
study complements the photometric measurements that have already been performed in
the same building and can help to understand how occupant behavior and/or design
modifications affect personal light exposures in the workplace. Summer measurements
were collected and results were reported to GSA in August 2014. The present report
summarizes the winter and summer data collected from participants who completed the
study in both seasons.
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QUESTIONNAIRES

Participants completed several subjective questionnaires about mood and sleep habits at
the start of the study: Pittsburgh Sleep Quality Index, Karolinska Sleepiness Scale,
PROMIS sleep disturbance, Positive and Negative Affect Schedule, and Center for
Epidemiologic Studies Depression Scale.

The Pittsburgh Sleep Quality Index (PSQI): Subjective measure of sleep quality and
patterns. It differentiates poor from good sleep by measuring seven areas: subjective
sleep quality, sleep latency, sleep duration, sleep efficiency, sleep disturbance, use of
sleep medication, and daytime dysfunction. Scoring of answers is based on a 0 to 3 scale
and yields one global score. A global score of 5 or greater indicates a poor sleeper.
(Buysse et al. 1989)

Karolinska Sleepiness Scale (KSS): Self-assessment of subjective sleepiness. The scale
ranges from 1 to 9, with 1 = most alert and 9 = fighting sleep. (Akerstedt and Gillberg
1990)

PROMIS Sleep Disturbance-Short Form 8a: Eight questions regarding sleep quality
(e.g., my sleep was refreshing, | had difficulty falling asleep, my sleep was restless...) on
ascale of 1to 5 (1 = very much, 2 = quite a bit, 3 = somewhat, 4 = a little bit, 5 = not at
all). (Cella et al. 2010)

Positive and Negative Affect Schedule (PANAS): 10 positive affects (interested, excited,
strong, enthusiastic, proud, alert, inspired, determined, attentive, and active) and 10
negative affects (distressed, upset, guilty, scared, hostile, irritable, ashamed, nervous,
jittery, and afraid). Participants are asked to rate items on a scale from 1 to 5, based on
the strength of emotion where 1 = very slightly or not at all and 5 = extremely. (Watson
et al. 1988)

Depression Scale (CES-D): Self-report designed to measure depressive symptoms. This
test is a 20-item measure that asks how often over the past week the participants
experienced symptoms associated with depression, such as restless sleep, poor appetite,
and feeling lonely. Response options range from 0 to 3 for each item (0 = rarely or none
of the time, 1 = some or little of the time, 2 = moderately or much of the time, 3 = most
or almost all the time). Scores range from 0 to 60, with high scores (greater than 16)
indicating greater depressive symptoms. (Radloff 1977)

PrRoTOCOL

Participants signed a consent form approved by the Institute Review Board at Rensselaer
Polytechnic Institute. Once enrolled in the study, participants were asked to wear the
Daysimeter as a pendant for seven consecutive days in the late spring/early summer
months and again in late fall/early winter months. At night while sleeping, participants
were asked to wear the device on their wrist to monitor their sleep/wake activity patterns.

During the 7-day data collection period, participants were asked to keep a sleep log of
bedtime and wake time, sleep latency, quality of sleep, and naps. KSS data were collected
four times per day: wake, noon, dinner, and bedtime.

The devices were mailed to the GSA staff volunteer helping with this study. The
volunteer distributed and collected all of the devices but did not have access to any data.
All of the devices and questionnaires were placed inside a sealed envelope and the GSA
staff was only responsible for giving the envelope to the participant at the start of the
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study and receiving the envelope at the end of seven days. No issues were reported with
this method of delivering/returning the devices to the LRC. Data were collected during
the months of May and June 2014 (summer) and November/December 2014 (winter).

DATA ANALYSES
The Daysimeter data were analyzed and the following outcome measures were obtained:

PHOTOPIC LIGHT AND CIRCADIAN STIMULUS

In terms of photopic light levels, the LRC calculated these values in two ways: 1)
geometric mean of the recorded levels were calculated to help normalize the highly
skewed distribution of recorded light levels and 2) arithmetic mean, which are generally
higher because of the highly skewed values, such as a trip outdoors during the daytime.
In terms of circadian light exposures, we calculated the circadian stimulus during
working hours (assumed to be between 8:00 a.m. and 5:00 p.m.) and outside working
hours (early morning after waking and evening prior to bedtimes).

PHASOR MAGNITUDE AND PHASOR ANGLE

Rea et al. (2008) proposed a quantitative technique to measure circadian disruption,
known as phasor analysis, which quantifies circadian disruption in terms of the phase and
the amplitude relationships between the environmental light-dark pattern and behavioral
response patterns. Phasor analysis makes it possible to interpret the light and activity
data, sampled together over consecutive multiple days. To quantify circadian disruption
using the Daysimeter data, the LRC used the measured circadian light-dark pattern and
activity-rest pattern. Phasor analysis incorporates a fast Fourier transform (FFT) power
and phase analysis of the circular correlation function computed from the two sets of
time-series data. Conceptually, each data set is joined end-to-end in a continuous loop.
Correlation values (r) between the patterns of light-dark and activity-rest are then
computed (e.g., every 5 minutes) as one set of data is rotated with respect to the other. An
FFT analysis is then applied to the circular correlation function to determine the 24-
hour amplitude and phase relationships between the light-dark data and the
activity-rest data. The resulting vector, or phasor, quantifies, in terms of the 24-
hour frequency, how closely tied the light and activity patterns are to a 24-hour
pattern (phasor magnitude) as well as their relative temporal relationship (phasor
angle). Phasor analysis is used to characterize the resonance between the 24-hour
light-dark pattern and the 24-hour activity-rest pattern. The overall light level
exposures were calculated by creating a mean 24-hour light-dark pattern from the
hourly mean values for each participant. Since CS is a measure of the effectiveness
of optical radiation on the retina for stimulating the human circadian system, the
daily patterns of CS were used in the phasor analyses; the larger the phasor
magnitude, the greater the resonance between these two rhythms.

While the Daysimeter devices were worn on the wrist during the nighttime, only the
daytime (pendant) data were included in the phasor analyses. This was because the
activity patterns differ from when the device is worn as a pendant to when it is worn on
the wrist; therefore, to avoid bias in the data, researchers assumed close to zero activity
and light during the times at which participants reported being asleep. This allowed a
comparison of the phasor analyses from these participants to other data that were already
collected.
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ACTIVITY-REST RHYTHMS CONSOLIDATION

The two computed measures of activity-rest rhythms consolidation were: 1) inter-daily
stability (1S), a ratio indicating the strength of coupling between the light-dark cycle and
activity-rest rhythm over a 24-hour period; 2) intra-daily variability (IV), an indication of
the fragmentation of the activity-rest rhythm (Van Someren et al. 1997).

SLEEP ANALYSES

The sleep algorithm is based on the sleep analyses used by the Actiwatch Algorithm
(Actiware-Sleep Version 3.4; Mini Mitter Co., Inc., now Philips Respironics). The
algorithm developed for the Daysimeter data scores each data sample as “sleep” or
“wake” based on the Al, the delta of the root mean square of acceleration recorded by the
Daysimeter averaged over the sampling interval or epoch of 90 seconds. All of the
following sleep measures using the Daysimeter data were based upon this binary sleep-
wake score.

The following sleep parameters were calculated from the activity-rest data obtained with
the nighttime Daysimeter:

e Time in bed is defined as the difference between wake time and bedtime.

e  Sleep start time is defined as the first 10-minute interval within the analysis period
with one or less epochs scored as wake.

e Sleep end time is defined as the last 10-minute interval within the analysis period
with one or less epochs scored as wake.

e Assumed sleep time is then found to be the difference between sleep end time and
sleep start time.

e Actual sleep time is defined as the sum of epochs scored as sleep multiplied by the
epoch length.

e Actual sleep time percent is simply the actual sleep time divided by the assumed
sleep time.

e Actual wake time is calculated as the sum of epochs scored as wake multiplied by
the epoch length.

e Actual wake time percent is the actual wake time divided by the assumed sleep time.

o Sleep efficiency is the percentage of time in bed that is spent sleeping, or actual sleep
time divided by time in bed.

o Sleep onset latency is the period of time required for sleep onset after going to bed,
calculated as the difference between sleep start and bedtime.
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RESULTS

Table 1 shows the participants’ seating locations and window orientations. Tables 2-14
show individual results together with the mean, median and standard error of the mean
(SEM) of the sleep, light exposures and phasor analyses from the Daysimeter data and
the self-reports sleep and mood questionnaires for winter and summer months. Due to
non-compliance, data for 15 participants are included in the Daysimeter analyses.

A few interesting observations from the data:

Based on the actigraphy data from the Daysimeter, it seems like the average sleep
amount in this group of workers is generally low in both summer and winter months
(average of approximately 5.9 hours per night in summer and 6.1 hours per night in
winter). Sleep efficiency was also low, around 78% in the summer and 79% in the
winter months.

Sleep scores from self-reports are mixed. One scale (PSQI) suggests that over half of
the participants have sleep disturbances (scores above 5 signify sleep disturbances),
while the PROMIS Global Score suggests that only two participants had moderate
sleep disturbances (scores above 25 signify sleep disturbances). When considering
the adjusted PROMIS score (T-score), these two patients were above the average,
again, suggesting that they do have sleep disturbances. When comparing the self-
reports for summer and winter, the PSQI scores suggest that 8 out of 18 participants
increased their sleep disturbances in winter compared to summer months. The
PROMIS Global Score suggests that 10 participants increased their sleep
disturbances in winter compared to summer months.

The mean CS values experienced by participants during their working hours
(between 8:00 a.m. and 5:00 p.m.) were about 0.28 in summer and 0.18 during
winter months (CS values in winter months were statistically lower than in summer
months). The CS of 0.28 is equivalent to 28% melatonin suppression if the light
experienced was applied for one hour in the middle of the night, when melatonin
levels are high. This suggests that the amount of light that participants received
during summer months were slightly below, but very close to what is considered
good stimulation for the circadian system (i.e., 0.3 or greater). Given that participants
are exposed to this CS value for periods longer than one hour, it is highly likely that
this building provides users with eno