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time-of-day patterns during circadian alignment, 283 had 24-h 
time-of-day patterns during misalignment, and 141 had 24-h time-
of-day patterns during both conditions. Of the metabolites with 
24-h time-of-day patterns in both conditions, 50 were circadian-
influenced (e.g., arachidinoyl-serine) and 91 were behaviorally-
influenced (e.g., propionylcarnitine).
Conclusion: Almost twice as many metabolites were influenced by 
the behavioral versus circadian cycle suggesting altered timing of 
behaviors like food intake and sleep have a significant impact on 
24-h time-of-patterns in the human plasma metabolome. For ex-
ample, propionylcarnitine is involved in energy metabolism and 
likely reflects 24h time-of-day patterns altered by food intake. 
Alternatively, arachidinoyl-serine was circadian influenced, is in-
volved in vasodilation, and thus may contribute to circadian regu-
lation of blood pressure. Further understanding circadian and 
behavioral regulation of the metabolome could have application 
in identifying mechanisms of physiological dysregulation and tar-
gets for intervention to mitigate health consequences of circadian 
misalignment.
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Introduction: Circadian phase and homeostatic sleep drive af-
fect selective visual attention during sleep inertia (SI), a period of 
cognitive performance decrement upon awakening that dissipates 
with time. This study examined the combined effects of circadian 
misalignment and sleep restriction on visual search performance 
during SI.
Methods: Twenty adults (mean±standard deviation [SD] age 
25.7±4.2 years; 12M, 8F) completed a 39-day protocol. Prior to a 
4-day in-laboratory visit, participants maintained habitual 8h sleep 
schedules for 2 weeks at home.  In-laboratory sleep opportunities 
(1 per day) were timed to induce varying levels of both circadian 
misalignment and sleep restriction: 8h on night 1, 3h on night 2, 
and 3h on mornings 3 and 4. After 3 days of recovery sleep at home 
(unscheduled), participants repeated the entire protocol. SI was as-
sessed with the Serial Visual Search Task, a measure of selective 
visual attention, ~ 1, 16, and 31 min after electroencephalogram 
(EEG) verified awakening following each 3h sleep opportunity. 
The task required participants to determine whether a target was 
present or absent among nontarget distractors. Outcomes included 
median reaction times (RT) and number of missed targets. Sleep 
opportunities with ≥4.5  min of EEG-verified wakefulness in the 
30 min prior to scheduled awakening were excluded from analysis. 
Data were analyzed with mixed-model ANOVA.
Results: Mean±SD average amount of wakefulness in the 30 min 
and 10 min prior to SI testing was 1.2±0.11 and 0.43±0.06 min-
utes, respectively. Following all sleep opportunities, median RT for 
overall correct responses and for correct response to target absent 
trials improved with time since awakening (all p<0.05). In contrast, 
median RT for correct responses to target present trials improved 

and number of missed targets worsened with time since awakening 
following the morning 3 sleep opportunity only (all p<0.05).
Conclusion: Reaction speed was impaired during SI regardless 
of circadian timing or level of homeostatic sleep drive, whereas 
missing targets appears to be dependent upon circadian phase and 
the level of homeostatic sleep debt. These findings have important 
implications for military and first responders.
Support (If Any): Office of Naval Research MURI N00014-15-
1-2809; NIH TR001082; Undergraduate Research Opportunities 
Grant, University of Colorado Boulder.

0216
ENVIRONMENTAL BRIGHT LIGHT EXPOSURE IS 
ASSOCIATED WITH SLEEP TIMING: THE MULTI-ETHNIC 
STUDY OF ATHEROSCLEROSIS
Danielle Clarkson-Townsend1, Jerome Rotter2, Stephen Rich3, 
Susan Redline4, Tamar Sofer4

Brigham and Women's Hospital / Harvard Medical School 1 
Lundquist Institute at Harbor-UCLA Medical Center; David Geffen 
School of Medicine at UCLA 2 Center for Public Health Genomics 
and Department of Public Health Sciences at the University of 
Virginia 3 Harvard Medical School; Brigham and Women’s Hospital; 
Harvard T.H. Chan School of Public Health 4

Introduction: Light influences sleep via the circadian system, 
but few studies have examined objective light exposure and sleep 
outcomes in the general population. We investigated the rela-
tionship between daily average time above 1,000 lux white light 
(TALT1000), a proxy for outdoor light exposure, and actigraphy 
measures of sleep timing and regularity in the Multi-Ethnic Study 
of Atherosclerosis (MESA).
Methods: Light and actigraphy data collected over 5+ days (wrist-
worn Actiwatch Spectrum) were analyzed. Relationships between 
TALT1000 and dichotomized sleep timing measures (sleep mid-
point regularity, defined as <30 minutes variability in sleep timing; 
late sleep onset, defined as 12AM or later) were evaluated with 
logistic regression models, adjusted for age, self-reported race/
ethnicity, sex, federal poverty level, partner status, employment, 
smoking, BMI, depression score, sleep duration, day length by 
month and site, chronotype, number of days measured, ActiWatch 
off-wrist time, and average physical activity during active period. 
Stratified analyses for employment status and sleep duration were 
also conducted. Covariates associated with quartiles of TALT1000 
were evaluated with ordinal logistic regression.
Results: 2,135 MESA participants with valid actigraphy data 
were included (mean age=68.6  years, 53.8% female, mean 
TALT1000=61 minutes, mean sleep midpoint variability=70.6 
minutes). There was a dose-response relationship between quar-
tiles of  TALT1000 and sleep timing regularity, with participants 
in the highest quartile of  TALT1000 exposure (equivalent to 
90+ minutes daily bright light exposure) having 87.7% increased 
odds of  sleep timing regularity (adjOR=1.88, CI=1.35-2.62); the 
highest quartile of  TALT1000 was also associated with a 41% 
decreased odds of  sleep onset timing ≥12AM (adjOR=0.59, 
CI=0.43-0.81). Age, race/ethnicity, partner status (single), and 
day length were negatively associated, while BMI, sex (male), 
earlier chronotype, and physical activity were positively associ-
ated with quartiles of  TALT1000 (p<0.05).
Conclusion: Greater average bright light exposure is associated 
with greater sleep timing regularity and earlier sleep onset in a large 
sample of U.S. adults. Future analyses will investigate timing of 
light exposure and associated multi-omic signatures.
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