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Introduction

Approximately 50% of college students report daytime sleepiness and drowsiness as a result of insufficient sleep [1]. Although exercise =~ Table 1. Demographic characteristics (N=10).

®m Control = Morning

— 3

can be used as an effective non-pharmacologic treatment to improve sleep health [2-4], it may impair sleep if performed too close to Xaﬁablcyca‘cg“y ;‘)(ilzl) ‘S’;f (%) .
. . . . .. . . . ge 3 (1.
bedtime [3, 5-6, 8]. Late-night exercise 1s common among college students as this 1s often the only time they have in their schedule due to Year of Study 40
classes and other activities. A previous survey study in Rutgers Sleep Lab examined the relationships between exercise timing and sleep gg‘:ﬁ‘;‘;‘n“‘;‘m 31;888; 535
quality and found that evening exercisers had later bedtimes, longer time 1n bed, lower sleep efficiency, and scored worse on the Pittsburgh Junior 1 (10.0) g
4. . . . . . . . Senior 5(50.0) 825
Sleep Quality Index (PSQI) subscales for sleep quality and efficiency compared to morning exercisers (Manuscript Submitted for Gender : 20
Publication). Experimental studies have been limited protocols that assess same-night acute effects of exercise on sleep, and no studies m;na“ 2&882 £15
focus on college students [9, 10]. This study aims to fill the gap in the knowledge about the effects of exercise timing on sleep by assessing R o Alacka Native 000 10
the feasibility of a morning-exercise intervention in college students. It 1s hypothesized that shifting exercise timing from the evening to Asian 3 (30.0) ,
. 1 . . Black or African Ameri 0 (0.0
the morning will improve sleep efficiency, mood, and productivity and decrease stress. Native Hawaiian or Other Pacific Islander 0 go.o; : Al Nights Exercise Nights N Exercise Nights
. White or Caucasian 4 (40.0) Flglll‘e 3 .
Methods and Materials Other 3(30.0) 110000 AM . \
A Ethnicity 10:00:00 Y ( \ | |
Assessed for eligibility ParthIP ants - . ] ﬁ;?_ag:: anic ; g,ggi 9;00;00 AM
(n=116) | College students (Age 18-23y, N=11; See Figure 1) were recruited in-person from P ' 200:00 AM
Excluded (n=105) . . . International Student
Enroliment ] ~ Not meeting inclusion the lobby of Rutgers University campus fitness centers. Subjects were regular Yes 0(0.0) g 7:00:00 AM
criteria (n=90) . . ] . . No 10 (100.0) & 6:00:00 AM
» | Declined o partiipae exercisers ( at least 3 nights/week; 6pm-11pm) had no diagnosed sleep disorder Residential Status % 50000 AM
0 1ot fo followeup (o=1) and were Poor sleepers (PSQI Global Score >5). On Campus 6 (60.0) A 4:00:00 AM
_ Did not adhere during Prot |- Off Campus 4 (40.0) 3:00:00 AM
L4 Phase 1 (n=6) TOLOCOL. Employment Status 2:00:00 AM
Randomized (n=11) See Figure 2; Mood, Stress and Productivity Questionnaires administered at ;zs ;’ggg; 1:00:00 AM
: : _ P ' 12:00:00 AM
! ! Randomization and Follow-up Visits. Chr;rllotype sTtams oo All Nighs Exercise Nights No Exercise Nights
Allocated to Normal Allocated to intervention o.rmng Ype (0.0) .
Exercise intervention (n=6) (n=5) Screening/Consent at Fitness Centers Neither Type 3(30.0) Flgul‘e 4.
_ Received allocated Follow-Up _ Received allocated _— Evening Type 7(70.0) o |
intervention (n=6) intervention (n=5) Global PSQI Score 8.9 (3.0) 3:30:00 AM l \
C Did not re?civc allocated C Did not repeivc allocated e Normal sleep and exercise monitored 3.00:00 AM
infecvention {£=0) infecvention (0=0) Phase 1 via actigraphy. sleep diary, and QR Table 2. Mean Scores + SD for Productivity, Stress and Mood o
(2 weeks) code scans. : 2:30:00 AM
Control Intervention p-
l l — v Variable (Mean £ SD) (Mean = SD) value o 2:00:00 AM
2 200
Lost to follow-up (n=0) Allocation ]g?:éotztfﬁggsv{:g)er(g;(:i)on Randomization Visit at Rutgers Sleep Lab Pre Post g::)t Pre Post ggt— g. A0 AM
Discontinued intervention 0 - B s
(n=0) (=0) Productivity 1:00:00 AM
Productivity 2.00+0.63 2.17+098 0.17 250129 3.00+x0.00 0.50 0.65
“gs . - . . “gs Attendance 3.00x1.10 283x+098 -0.17 275096 250058 -0.25 0.85 20
Control Condition 1:1 ratio Morning Exercise Condition Time Mgmt. 2.00+110 2004089 000 200:08 2754096 075 0.17 12:30:00 AM
— Attention 217117 233082 0.16 250+058 3.00x082 050 048 19:00:00 AM
Memory 267082 267052 000 375050 3.75+£0.74 0.00 1.00 ' . ' All Nights Exercise Nights No Exercise Nights
Analysed (n=6) Analysed (n=4) Phase 2 .  Subijects remain on »  Sublects prasesiyes PSS 30.67+3.08 30.83+4.40 0.16 25.00+4.08 29.00+3.16 4.00 0.27 Flgure 5. ‘
" Excluded from analysis Analysis _ Excluded from analysis for (2 weeks) — typical schedule morning exercise M?\Onxdiety 53124542 53284545 0.16 51734116 53184412 145 054 . )
(0=0) g‘l’lffhmng fo intervention e Sleep and exercise e Sleep and exerise Depression  47.83+6.27 49.05+7.10 122 5233428 5335+150 1.02 092 Flgur.es 3 '.5 . Sleep Dat a.f or All, Exer. cise, and No
. monitoring monitoring Anger 51.20+4.60 56.47+5.53 527 5575842 59.85:6.82 4.10 084  FExercise nights by Morning Intervention and Control
Positive Aff. 4435+5.89 42.70+8.13 -1.65 4473+482 4458+5.15 -0.15 0.52 Condition. Bar indicates Mean + SE
Figure 1. Diagram of Participant Flow Follow-Up Visit at Rutgers Sleep Lab
Outcome Measures: Figure 2. Study Protocol and Randomization * All Nights: Morning Exercise associated with earlier Sleep Offset (F(1,8) =5.90, p = 0.04, Figure 3).
* Sleep: Data was recorded 24h/day via a wrist-worn Actiwatch Spectrum Plus device (Murrysville, PA); Subjective sleep Trends towards earlier Sleep Onset (F(1,8) = 5.00, p = 0.06, Figure 5) and decreased fragmentation
characteristics (e.g. naps) via online sleep diaries. (F(1,8) = 4.20, p = 0.08, Figure 4).
* Sleep Period (Sleep Onset to Sleep Offset), Total Sleep time (time spent asleep during Sleep Period), Sleep Efficiency [(Total * Non-Exercise Nights: Morning Exercise was associated with earlier Sleep Oftset (F(1,8) =7.23, p =
Sleep Time/Sleep Period)*100], and Wake After Sleep Onset. 0.03, Figure 3) and decreased fragmentation (F(1,8) =9.53, p =0.02, Figure 4). Trend towards earlier
* Mood and Stress: PROMIS Mood Measures (Positive Affect, Depression, Anxiety, Anger); Perceived Stress Scale Total Score. Sleep Onset (F(1,8) = 3.86, p = 0.09, Figure 5)
* Productivity: “How would you rate your (overall productivity, class attendance, time management, memory and attention span)?” * Exercise Nights: Morning Exercise showed trends toward earlier Sleep Onset (F(1,8) = 3.83, p = 0.09).
(1=poor, 2=fair, 3=good, 4= excellent). * The randomization condition had no effect on sleep variables, stress, productivity or mood. Limitations
Statistical Analysis: Descriptive statistics (means and frequencies) and between-subjects and Mixed-model ANOVA:s. of this study included a small sample size and self-reported data assessments (e.g. productivity). Future

studies should consider matching subjects between control and intervention based on intensity and
—— . . duration. Morning exercise may lead to better sleep on nights that exercise 1s not performed.
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