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Abstract
Study Objectives: When arising in the morning, many older people experience dizziness and difficulty maintaining proper balance, 
as the cardiovascular system is not able to compensate to the postural shift (standing) and maintain sufficient blood flow to the 
brain. Such changes in cardiovascular function are observed in young individuals exposed to a dawn simulation light. In this study, 
we examined whether exposure to a dawn simulation light could impact cardiovascular function and consequent changes in 
balance in middle-aged and older adults.

Methods: Twenty-three participants (67.3 ± 8.8 y), 12 of whom reported a history of dizziness in the morning, underwent two 
overnight stays in our laboratory. During both nights, they slept in complete darkness, except for the last 30 minutes of one of 
the nights during which a dawn simulation light was used. Continuous blood pressure (BP) and heart rate (HR) were monitored. 
Subjective and objective alertness, salivary cortisol, and mobile and standing balance were examined upon arising.

Results: Dawn simulation light decreased (33%) the amount of sleep before morning awakening, lowered BP (6.24 mmHg), and 
increased HR (0.93 bpm). Despite these changes in physiology, there was no significant impact of dawn simulation on subjective or 
objective alertness, measures of standing or ambulatory balance, morning cortisol awakening response, or cardiovascular function 
after awakening.

Conclusion: While the dawn simulation did cause an increase in wake and a change in cardiovascular function prior to morning 
arousal in older adults, we could find no evidence of a functional change in either cardiovascular function or balance upon standing.

Clinical Trial: Registered on Clinicaltrials.gov, #NCT02632318, https://clinicaltrials.gov/ct2/show/NCT02632318
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Statement of Significance

Dawn simulation lights are consumer devices, but whether their utility extends beyond the subjective phenomenology of 
awakening is unknown. Previous literature indicates that these devices might be able to change cardiovascular function in young 
adults. We show that in middle-aged and older adults, dawn simulation light negatively impacts sleep and has only minor effects 
on cardiovascular function during sleep. Importantly, these changes are not associated with functional changes in standing or 
mobile balance after arising, nor are they associated with changes in concomitant waking cardiovascular function. As this study 
was conducted on a single overnight, future work should focus on repeated exposure to dawn simulation to determine if one 
could adapt to sleep disruption and benefit from the cardiovascular changes.
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Introduction

One of the most physiologically demanding things that older 
people do every day is to get up in the morning. After spending a 
night lying flat, gravity distributes blood evenly across the body. 
Upon standing, metabolically costly changes occur in response 
to the postural change in order to maintain blood flow to the 
brain. Among these changes are a constriction in arterioles and 
veins and an increase in heart rate (HR) and stroke volume to 
maintain blood pressure (BP) in response to the redistribution of 
blood to lower extremities upon standing [1]. While the cardio-
vascular system in younger individuals is usually able to com-
pensate for this shift, it is insufficient in many older adults and 
can lead to dizziness or even falls. BP medications or behavioral 
means (e.g. prolonged stepwise exit from bed) are often used 
as a countermeasure to mitigate the risk of dizziness and falls.

A novel alternative to pharmacologic and behavioral inter-
ventions for morning dizziness is the use of light. Light can 
have a direct impact on alertness [2], balance [3], and auto-
nomic function [4]. We have recently found that exposure to a 
“dawn simulator” light (an artificial light source that gradually 
increases in brightness just prior to anticipated wake time) in 
young individuals shifted cardiovascular function from a “sleep” 
to “wake” state prior to individuals arising [5]. This dawn simu-
lation light reduced rapid sleep-wake evoked increases in HR, as 
well as cardiac sympathovagal modulation in the young popu-
lation. Moreover, these effects occurred without any changes in 
the sleep pattern preceding the wake-up time [5]. By the time 
that these healthy young individuals got out of bed, their car-
diovascular system was already primed to compensate for the 
postural shift.

While it has been shown in young healthy individuals that the 
dawn simulator light can increase cardiovascular function such 
that levels normally observed during wake are present prior to 
wakefulness [5], we do not know whether this will have a similar 
effect on cardiovascular function in older adults. Additional ef-
fects of dawn simulation light have been observed, including 
reducing sleep inertia, improving subjective well-being, and 
increasing morning cortisol levels [5–8]. As such, we also wanted 
to test whether dawn simulation induced changes in cardiovas-
cular function were associated with these functional changes 
in older adults, as well as middle-aged adults, upon getting out 
of bed as well as the clinically relevant change in standing and 
walking balance.

Our a priori hypotheses were that we would observe in re-
sponse to the dawn simulation (1) a gradual increase in HR and 
BP before arising, (2) an improvement in standing and walking 
balance, (3) an improvement of cognitive performance, and (4) 
a decrease of sleepiness after wake. If our hypotheses were 
proved, light exposure could be a complementary therapy to 
medication, as a countermeasure to orthostatic hypotension.

Methods

Study participants

Healthy middle-aged and older adults (>55 years old) were re-
cruited through online or poster advertisements. The screening 
procedure began with a telephone interview, involving a detailed 
explanation of the study. During the in-person screening ap-
pointment, all participants completed a consent form, a general 
medical questionnaire, the reduced Horne-Ostberg Morningness 

Eveningness Questionnaire (rMEQ) [9], the Pittsburgh Sleep 
Quality Index (PSQI) [10], the Alcohol Use Disorders Identification 
Test (AUDIT) [11], the Balance self-Efficacy Scale (BES) [12], the 
Cognitive Abilities Screening Instrument (CASI) [13], and the 
Ishihara test for color blindness [14]. Exclusion criteria included 
unstable current health (e.g. current infection), current smoker, 
abnormal color vision or other visual deficits (glasses were per-
mitted), use of illegal drugs or drugs that could impact light sen-
sitivity or sleep, drugs that increase BP, diagnosis of dementia, 
and excessive alcohol intake (AUDIT > 19)  [11]. Individuals 
who had balance problems that could be explained by periph-
eral neuropathy were excluded. To control for circadian phase 
misalignment, we excluded shift workers and study applicants 
who had trans-meridian flights 3 months before study partici-
pation. The protocol was approved by the Stanford University 
Institutional Review Board and all procedures adhered to the 
principles outlined in the Declaration of Helsinki.

One week before the study, participants were instructed 
to keep a regular sleep-wake schedule (~8-hour sleep at night 
and to try to avoid daytime naps) to ensure stable circadian en-
trainment. Compliance to this outpatient segment of the study 
was verified using wrist actigraphs (Motionlogger, Ambulatory 
Monitoring Inc., Ardsley NY) and self-reported sleep logs.

Laboratory protocol

The study consisted of two 12-hour protocols, performed in 
a balanced crossover design, separated by at least 1 week. 
Participants came to the laboratory 3 hours before their habitual 
bedtime and were screened for proximal use of alcohol (Alco-
Screen 02, Chematics, Inc., North Webster, IN) and illegal drugs 
(DrugCheck3, Express Diagnostics, Blue Earth, MN), the use of 
either of which was exclusionary. The timing of sleep during 
the week prior to entry was determined through examination 
of sleep logs [15] and actigraphy data (Motionlogger, Ambulatory 
Monitoring Inc., Ardsley, NY). From these data, an average sleep 
onset time was calculated and use as the study sleep onset time. 
The average sleep offset set was also calculated and used as 
the end of sleep time in the study, less 30 minutes (e.g. average 
at-home wake time = 07:26, in lab wake time = 06:56).

From the time of entry into the laboratory, participants re-
mained in a windowless, light-controlled, sound-attenuated 
bedroom. Light levels in the room were produced by a broad 
spectrum fluorescent white light (~150 lux in the horizontal 
angle of gaze). Two hours prior to getting into bed, partici-
pants had their mobile and standing balance tested, as was 
their subjective and objective alertness. At 30 minutes before 
habitual sleep time, overhead lighting was decreased to a dim 
light (<15 lux) and polysomnographic and BP recording equip-
ment was attached to the participant. At bedtime and during 
the first 7 hours of scheduled sleep, the room was in complete 
darkness (<0.05 lux), and participants were asked to try to sleep. 
Participants were allowed to sleep until 30 minutes prior to their 
habitual wake time (i.e. average wake time during the at-home 
monitoring), at which time they were awakened by a technician 
entering the room and turning the overhead fluorescent lights to 
~150 lux. During the 30 minutes prior to the technician-enforced 
awakening, participants were exposed to either darkness (Dark) 
or a dawn simulation light (Light). Upon awakening and prior to 
getting out of bed, a saliva sample was collected in an untreated 
polypropylene tube. Once out of bed and within 2 minutes of 
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the room lighting being turned on, participants were tested for 
standing and mobile balance, given a test of objective and sub-
jective alertness, then a second saliva sample was obtained.

Dawn simulation light

Dawn simulation consisted of a polychromatic light source 
(Philips Wake-up Light, HF3470) that exponentially increased 
from 0 to 250 lux during 30 minutes before wake-up time. The 
light illuminance, photon density, and correlated color tem-
perature at 45 cm from the device were: (1) at 5 minutes after 
light onset: 1.2 lux, 1.9E+16/m2∙s, 1090°K; (2) at 15 minutes 
after light onset: 13 lux, 1.4E+17/m2∙s, 1500°K; (3) at 30 minutes 
after light onset: 250 lux, 2.4E+18/m2∙s, 2750°K.

Assessment of alertness

Subjective sleepiness was assessed using the Stanford 
Sleepiness Scale (SSS) [16], which measures immediate feelings 
of sleepiness using a one-question, 7-point Likert-like scale. 
Objective alertness was assessed using an auditory version of 
the psychomotor vigilance test (aPVT) [17, 18]. The aPVT was ad-
ministered with a custom-built unit based on an Arduino Uno 
microcontroller board and hardware button. Data was logged by 
the Arduino and interfaced via Python (v. 2.7.12) with a com-
puter running Linux (v. 4.8.0). The participant was asked to 
press a button as quickly as possible in response to a 1000 Hz 
tone. Tones were separated by a random interval of 1 to 6 sec-
onds; the entire test lasted 10 minutes. Tones were delivered at 
a volume that the individual participant could hear and found 
comfortable. The median of the reaction times, and the number 
of lapses were analyzed for each session of the aPVT.

Salivary cortisol

Once collected, saliva samples were immediately frozen and 
transferred to a −80°C freezer within 24 hours. All samples were 
batch assayed for cortisol concentration at the end of the study 
using an enzyme-linked immunosorbent assay (Salimetrics, 
Carlsbad, CA). The functional sensitivity was 0.028  µg/dL and 
intra-assay coefficient of variances were <7% for values as low 
as 0.06  µg/dL. The change in salivary cortisol concentrations 
during the 30 minutes between the first and second cortisol 
sample (i.e. the so-called “awakening response”) was calculated.

Standing and mobile balance

Standing and mobile balance were assessed using a Zeno 
Walkway (ProtoKinetics, Havertown, PA), a walkable sensor 
pad (0.61 × 4.3 m) with 16 levels of dynamic pressure detected 
through embedded 1-cm pressure sensors placed every 1.3 cm. 
For standing balance, participants were asked to stand motion-
less on the walkway in a comfortable position with their arms 
along their body and looking straight ahead with their eyes open 
for the first 30 seconds and then with their eyes closed for an-
other 30 seconds. After standing balance was assessed, we asked 
the participant to walk back and forth on the walkway three 
times at a self-selected pace. They started the walk from an 
open end of the walkway towards a wall where they had to turn 

around and walk back through the open end of the walkway for 
one more meter. To reduce bias due to slowing during the turn, 
only the three walks from the wall to the open end were taken 
into account for the analysis. Balance-related metrics and tem-
poral and spatial measures of gait were automatically calculated 
(ProtoKinetics Movement Analysis Software, v.  5.07C7) as the 
average of the three walks. To determine standing balance, we 
examined movement during the 30 seconds of standing while 
eyes closed by calculating the center of pressure path length 
[3]. To determine mobile balance, we examined the variance in 
stride velocity (stride length divided by gait cycle time) [3]. Of the 
23 participants, 20 had usable results for both conditions of the 
standing balance assessment and 21 had usable results for both 
conditions of the mobile balance assessment.

Polysomnography

Polysomnography (PSG) included electroencephalography (C3/4, 
O1/2; [19]) referenced to an electrically neutral auricular elec-
trode, bilateral electro-oculogram, and submental electromyo-
gram (Siesta, Compumedics, Charlotte, NC). These data were 
analyzed using automated sleep scoring software (https://
github.com/stanford-stages/stanford-stages) [20] which exam-
ined each 15 seconds of data to determine the probability of 
each stage of sleep (wake, N1, N2, N3, or rapid eye movement) in 
each 15-second epoch. To determine the impact of the lighting 
condition on sleep, we averaged across participants the prob-
ability of wake in each of the 15-second epochs occurring in the 
last 30 minutes of sleep (time during which the dawn simulator 
was active or would have been active). Of the 23 participants, 
due to failed PSG, 18 participants had usable data for both con-
ditions and were included in subsequent analyses.

BP and HR measurements

HR and BP were monitored continuously throughout the 
night (Finapres Nova, Finapres Medical Systems, Enschede, 
Netherlands). The Finapres Nova uses infrared finger 
plethysmography to measure beat-to-beat BP non-invasively 
[21]. The device has been validated in older adults [22] and 
does not cause substantive interference with sleep [23]. A five-
lead electrocardiogram (EKG) was also recorded on the de-
vice. BP data were cleaned (scored artifact, nonsense values, 
orphan points, and missing points; LabView 2018, v18.0) then 
binned into 20-second windows overlapping every 10 seconds. 
Windows with less than 50% of usable data were removed 
from the analysis. HR and R–R intervals (i.e. time between the 
R peaks of consecutive QRS complexes) were calculated, and all 
traces were visually checked for artifacts (Kubios HRV Premium, 
v.3.0.0). Occasional ectopic beats were identified and replaced 
with interpolated R–R interval data. Cleaned HR data were 
binned into 20-second windows overlapping every 10 seconds. 
Windows with less than 50% of usable data were removed from 
the analysis.

To avoid excluding large sections of the recording contam-
inated by movement artifacts, we used a sampling period of 
2.5 minutes for HRV estimation. Power densities in the low-
frequency (LF) band (0.04–0.15 Hz) and in the high-frequency 
(HF) band (0.15–0.50 Hz) were calculated for each 2.5-minute 
segment. Moreover, the LF-to-(LF + HF) ratio [LF/(LF + HF)] was 
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used as an index of sympathovagal balance. After cleaning all 
the data, 14 participants had usable data for both conditions and 
were included for the analysis of BP and 16 participants were in-
cluded in analyses of HR and heart rate variability (HRV).

Statistical analysis

All data were analyzed with R (v. 3.5.0) and the R package lme4 
[24]. Statistical analyses were carried out for each variable sep-
arately with the linear mixed-effects model analysis of variance 
for repeated measures with the fixed variables “light condition” 
(Light or Dark) and “time” and the random factors “participants” 
and “visit order.” The p-values were based on Satterthwaite’s 
corrected degree of freedom. Data were segmented into baseline 
(60→30 minutes prior to wake time), treatment (30→0 minutes 
prior to wake time), and post-wake (0→8 minutes after wake 
time) and analyzed separately for each segment. The sleep/
wake transition was calculated using the last 5 minutes before 
wake and the minutes 3 to 8 after wake to be able to examine 
the changes in BP and HR due to standing. During baseline, all 
participants were scheduled to be sleeping in the dark. During 
treatment, all participants were receiving the dawn simulation 
or were in dark (crossover). During post-wake, all participants 
were awake and actively engaged with a member of the study 
team. All data are presented as mean ± SD.

Results
Out of a pool of approximately 115 applicants, 23 participants 
(10 men and 13 women, aged 67.3  ± 8.8  years) were in stable 
enough health and successfully fulfilled all study criteria. Of 
the 23 participants, 12 had a self-reported history of disrupted 
balance upon awakening. As such, in addition to analyzing the 
entire group of participants, we also examined subgroups of 
“Balance” (those who self-reported having a history of dizziness 
in the morning, 4 men and 8 women, aged 67.7 ± 9.1 years) and 
“Control” (those who did not self-report a history of dizziness in 
the morning, 6 men and 5 women, aged 66.5 ± 8.2 years).

Alertness

No significant effects of Light were found for the assessment of 
sleepiness (Table 1). The morning SSS scores, as well as median 

reaction time and the number of lapses of the aPVT test were 
not different between conditions. No differences were observed 
for the measures of sleepiness between the Balance and Control 
groups (Supplementary Table 1).

Salivary cortisol

While there was the expected increase in salivary cortisol con-
centrations after 30 minutes awake, we did not observe an effect 
of condition (Table 1). Similarly, there was no effect of condition 
on either the Balance or Control group when examined separ-
ately (Supplementary Table 1).

Standing and mobile balance

There was no impact of condition on either standing or mo-
bile balance (Table  1). When examined separately, there was 
no effect of condition on either the Balance or Control group 
(Supplementary Table 1). Standing balance in the morning, 
however, was worse in the Balance Group as compared to the 
Control group (p < 0.05) (Supplementary Table 1).

PSG sleep

The PSG recording for the whole night of sleep did not show a 
significant difference between both groups for total sleep time 
(TST, Control group: 5.35 hours ± 1.2 hours vs. Dark group: 5.28 
hours ± 0.9 hours) or sleep efficiency (SE, Control group: 77.5% ± 
16.6% vs. Dark group: 77.4% ± 11.1%). However, if we look closer to 
the last hour of sleep, there was an impact of condition on sleep 
(p < 0.0001) such that the probability of wake gradually increased 
during the first 15 minutes of the light exposure, after which it 
plateaued until the enforced wake time (Figure 1C). Under Light, 
the overall probability of wake of the participants increased by 
32.8%. In the Balance group, the timing of the increase in wake is 
delayed relative to the Control group (Supplementary Figure 1C).

Blood pressure

During Light, there was a decrease of 6.24 mmHg in systolic BP 
as compared to Dark (p < 0.0001) (Figure 1A). The time course of 
the change is such that under Dark, there is a gradual increase in 
systolic BP prior to wake time and this rise is dampened in Light. 

Table 1. Daytime function under the Dark and Light condition

Morning

 Dark Light

SSS (n = 23) 2.91 ± 1.08 3.09 ± 1.11
PVT RT (ms) (n = 23) 327.15 ± 95.14 306.00 ± 56.59
Number of PVT lapses (n = 23) 4.52 ± 6.25 2.70 ± 3.02
Path length (cm) (n = 20) 1.04 ± 0.51 0.97 ± 0.36
Coef. of variation of velocity (%) (n = 21) 6.75 ± 2.37 7.66 ± 3.98

 Wake time Wake time + 30 minutes

 Dark Light Dark Light

Cortisol (µg/dL) (n = 17) 0.26 ± 0.13 0.25 ± 0.12 0.44 ± 0.20 0.48 ± 0.20

PVT, Psychomotor Vigilance Test; RT, reaction time. Mean ± SD of several daytime function. The table displays the data of participants during their morning session 

after the awakening under the Dark and Light condition. No significant differences were found.
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Upon arising, there continues to be a decrease of 2.65 mmHg in 
the systolic BP when previously exposed to Light (p  <  0.0001). 
In comparing the difference of systolic BP between 5 minutes 
after wake while standing (minutes 3 to 8) and 5 minutes before 
wake (minutes −5 to 0), in the Dark, there is an increase of 7.13 ± 
23.6  mmHg, while in the Light, there is an increase of 16.25  ± 
17.44 mmHg; these are, however, not significantly different from 
one another (p  =  0.24). In the Balance group, the increase ob-
served after Light compare to Dark is 4.82 ± 25.6 mmHg, while it 
is increased by 15.14 ± 29.45 mmHg in the Control group. While 
large in value, these differences between the Control and Balance 
groups’ response to Light are not significantly different (p = 0.53).

Heart rate

In the Dark, there is normally a dip in HR prior to awakening. In the 
Light, this dip is slightly attenuated by 0.93 bpm (p < 0.001, Figure 1B). 
After awakening, this effect is reversed, with a slight increase in HR 
following Dark as compared to Light (0.11 bpm, p < 0.05, Figure 1B).

When looking at the difference of HR between 5 minutes 
after wake (minute 3 to 8) and 5 minutes before wake (minute 
−5 to 0), there is an increase of HR of 15.38 ± 5.08 bpm following 
the Dark and 14.02 ± 5.46 bpm following the Light, though this 
difference is not significant (p = 0.37) (Figure 2B).

Those in the Balance group, as compared to the Control 
group, had an elevated HR (Control: 57.8  ± 7.00 bpm, Balance: 
65.0  ± 3.79 bpm, p  <  0.001) prior to wake time in both condi-
tions (Supplementary Figure 1B). Following wake time, there was 
still an elevation, though it was smaller in magnitude (Control: 
17.1 ± 5.94 bpm, Balance: 13.2 ± 4.29 bpm, p < 0.05). Additionally, 
in response to Light, there was an attenuation of the decrease in 
HR in the Control group (p < 0.05), but not in the Balance group 
(p = 0.13) (Supplementary Figure 1B).

Heart rate variability

Similar to HR, the decrease in the HRV LF/(LF+HF) ratio that 
occurs in Dark is attenuated in Light (p < 0.05). When looking 
at the difference of HRV at the sleep/wake time transition, we 
can see an increase of the ratio from 0.20 ± 0.16 after Dark and 
0.13 ± 0.17 after Light; however, this difference is not significant 
(p = 0.32).

The Balance group has a lower HRV ratio in the Dark (Control: 
0.66 ± 0.11, Balance: 0.52 ± 0.19, p < 0.05) (Supplementary Figure 
2). There was no impact of Light on either group.

Discussion
In this study, we investigated whether a dawn simulation light is 
able to change cardiovascular function in middle-aged and older 
adults such that they would have reduced or absent problems 
with balance when they awoke in the morning. Our data show 
that while this dawn simulation light increases HR and HRV and 
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Figure 2. Sleep/wake transition differences of blood pressure, heart rate, and 

heart rate variability. Sleep–wake transition differences of blood pressure (A), 
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(C) under dark (black) and light (red) condition. Data represent the difference 

between minute 3 to 8 after wake time and minute −5 to 0 before wake time.

D
ow

nloaded from
 https://academ

ic.oup.com
/sleep/article/43/10/zsaa082/5822621 by guest on 14 O

ctober 2020

http://academic.oup.com/sleep/article-lookup/doi/10.1093/sleep/zsaa082#supplementary-data
http://academic.oup.com/sleep/article-lookup/doi/10.1093/sleep/zsaa082#supplementary-data
http://academic.oup.com/sleep/article-lookup/doi/10.1093/sleep/zsaa082#supplementary-data
http://academic.oup.com/sleep/article-lookup/doi/10.1093/sleep/zsaa082#supplementary-data


6 | SLEEPJ, 2020, Vol. 43, No. 10

decreases BP, it does not have a significant impact on immediate 
measures of alertness or balance.

The results of the cardiac activity are aligned with previous 
studies. Scheer et al. showed that there is a larger increase in HR 
after a light exposure in the middle of the night or in the early 
morning in young adults [25]. Similarly, Viola et al. showed an in-
crease in HR and in the cardiac sympathetic modulation during 
the light exposure before wake time in young people [5]. These 
effects might be attenuated in our study as, unlike the previous 
study, we also included women. Given our limited sample size, 
however, we did not have the power to accurately determine 
whether the impact of light was sex-dependent in our sample. 
We were also unable to determine if the dawn simulation had 
an impact on more delayed components of orthostasis, such as 
would occur after 10 or more minutes of standing.

Similarly, previous studies showed an increase of cortisol 
level after light exposure in the morning [8, 26, 27]; however, 
our results do not display such an increase in older people. 
There have been previously reported a difference in light sensi-
tivity between young and older individuals in regards to phase 
shifting of the circadian clock [28]. Given the likely similar ori-
gins of the retinohypothalamic pathway impacting circadian 
and cardiovascular function [29, 30], it may be that older individ-
uals are less sensitive to the impact of light on cardiovascular 
function. As the light exposure that was used was sufficient to 
disrupt sleep in the older participants, unlike previously ob-
served in younger individuals [5], perhaps due to a decreased 
thalamic ability to filter out light information [31], increasing the 
light intensity would not be a tenable solution. Rather, the im-
pact of increased light after awakening could be examined in 
future experiments. Further, potentially ensuring that the light 
only started in individuals who were asleep might have reduced 
the impact of light on inducing wake and the subsequent im-
pacts on cardiovascular function.

The lack of significance while analyzing the HRV data could 
also be due to our specific methods. Indeed, recent studies have 
shown that the LF/HF ratio might not accurately measure the 
cardiac sympathovagal balance, due to the large variation that 
can occur while recording LF component [32–34]. However, we 
included this measure in our paper to be comparable with the 
previous study using a dawn simulation light. Additionally, we 
did not control for respiratory frequency in this study and thus 
present other variables less impacted by the breathing. But as it 
is a main determinant of HRV, respiratory frequency should be 
considered in future studies.

While there were some impacts on cardiovascular function, 
we did not observe any impacts on daytime function that we 
had anticipated might change. Measures of subjective and ob-
jective alertness were not different between conditions, which 
is consistent with that observed in the young following a similar 
stimulus [7, 35]. As our participants had generally good sleep 
prior to study and were not sleep-restricted, it might be that they 
were already at a peak performance level in the control condi-
tion such that the light exposure could not further increase their 
performance on this test. Moreover, it has been shown that sleep 
inertia significantly impaired cognition in younger but not older 
adults [36], reinforcing, even more, the hypothesis that the older 
participants were at a peak performance level at wake time.

Similarly, we did not observe an impact of light on either 
standing or mobile balance. Balance in the morning was not-
ably worse in the participants who had reported a history of 

morning dizziness. There was not, however, a differential im-
pact of light on balance in either the Balance or Control groups. 
The measures of standing and mobile balance that we selected 
are useful as predictors of future falls [37–40]. It is possible that 
other aspects of balance are impacted by the changes in sleep 
or cardiovascular function, but the ones most associated with 
risk of falling were not. We also did not study whether the light 
enhanced subjective perception of balance, which is a critical 
moderator of actual balance [39] and should be considered in 
future studies.

As this was an acute study, we did not examine whether re-
peated exposure to the dawn simulation light would result in 
adaptive changes. That is, would older individuals exposed to 
such a stimulus for weeks adapt to the light and have less in-
duced wake, and if such a reduction would enhance or diminish 
the cardiovascular impact of the light. Future studies with a 
higher number of participants will be needed to examine such 
longer-term responses. To better understand the physiology of 
people at risk of falling, future studies could include a formal 
clinical exam that would be helpful in determining specific 
pathologies that might be differentially impacted by the dawn 
simulation light. An analysis of BP and HR during the whole 
night could also be relevant to help have a clearer interpretation 
of the results.

Taken together, our data indicate that a dawn simulation 
light exposure does not improve morning balance in older indi-
viduals. In the acute setting, it does, however, increase the likeli-
hood of wake at the end of the sleep episode, which is a notable 
limitation of such a device in this population.
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