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The current study aimed to examine the naturalistic relationship between physical activity 

and sleep by exploring frequency, type, and timing of exercise and their association with a 

variety of sleep variables (e.g., sleep onset latency, wake after sleep onset, sleep efficiency). 

Young adults (n = 1003) completed a variety of self-report questionnaires, including a week-long 

sleep diary and a survey of typical frequency, type, and timing of exercise completed in the past 

week. Increased frequency of physical activity was related to increased sleep efficiency (total 

sleep time/time in bed), decreased time in bed, and decreased time spent awake in bed in the 

morning. Greater amounts of exercise energy expenditure (i.e., metabolic equivalents) per week 

was related to increased sleep efficiency, and decreased time in bed and time spent awake in bed 

in the morning. After controlling for other factors, this relationship remained true only for time 

spent awake in bed in the morning. Early morning exercisers reported shorter total sleep time and 

time in bed than those who typically exercised at other times. No exercise differences were found 

between those who met the research diagnostic criteria for insomnia and those who did not. This 

study provides valuable information to help guide future experimental and intervention studies.  
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INTRODUCTION  

The general public frequently associates physical activity with improvements in sleep. 

Despite this, a number of well-designed epidemiological and randomized controlled trials have 

been unable to reach consensus regarding the impact of physical activity on sleep. This may be a 

result of the previously inconsistent measurement of both physical activity and sleep. The present 

study aimed to examine the interrelationship between physical activity and sleep using more 

valid and comprehensive measurements of both, with the long-term goal of guiding more 

focused intervention and experimental studies.  

Theoretical Framework for Relationship between Physical Activity and Sleep 

There are three theories regarding the relationship between sleep and physical activity 

frequently cited in the relevant literature: the theory of body restoration, the theory of energy 

conservation, and the thermogenic theory (Adam & Oswald, 1983; Taylor, 2001). While each of 

these theories likely accounts for a small component of the relationship between sleep and 

physical activity, no one theory fully explains the connection. The evidence supporting these 

theories is detailed below. 

Body Restoration and Energy Conservation  

According to the theory of body restoration, sleep allows the body to restore and repair 

damaged tissue (Adam & Oswald, 1983). The theory of energy conservation maintains that sleep 

serves as a tool to restore depleted energy via a mandatory homeostatic balance between energy 

consumption and conservation (Berger & Phillips, 1988). These two theories are complementary 

(i.e., the more energy consumed, the more restoration likely). If these theories were true, then 

one would expect improved sleep in those who exercise more frequently or intensely during the 
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day, thus increasing the need for more sleep to restore and repair the body and to balance the 

energy consumed.  

Thermogenic  

The thermogenic theory of sleep is founded on evidence that body temperature typically 

plateaus from approximately 14:00-20:00, then drops until about 05:00, which corresponds with 

typical sleep patterns in healthy populations (Murphy & Campbell, 1997; Zisapel, 2007). It is 

thus postulated that since exercise increases body temperature above normal levels, the 

reciprocal decrease in body temperature in the hours preceding bedtime should be steeper than 

normal, resulting in increased sleep drive (Horne & Reid, 1985). If this theory were true, one 

would expect to see better sleep in those who exercise from 14:00-20:00, compared to those who 

either exercise at other times, or do not exercise at all.  

Previous Research 

Frequency of Exercise 

 Little is known about the relationship between frequency of exercise and sleep. One 

longitudinal study in older adults found that less frequent physical activity consistently predicted 

insomnia status, along with depressed mood and lower physical health, over an eight-year period 

(Morgan, 2003). To date, no studies have examined if more frequent exercise is related to better 

sleep in non-clinical samples. 

Types of Exercise  

Previous research has compared different types of exercises, to each other or to wait list 

control, on a variety of sleep measures (Alencar et al., 2006; Elavsky & McAuley, 2007; Li et 

al., 2004; King, Oman, Brassington, Bliwise & Haskell, 1997; Singh, Clements & Fiatrone, 

1997), with mixed results.  
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 The following studies compared different types of exercises on sleep outcomes. Alencar 

and colleagues (2006) used a sleep diary to assess women over the age of 18 who participated in 

water exercise, weight training, or aerobic exercise groups. Over a four-week period, those in the 

water exercise group showed significantly higher mean sleep efficiency (SE) than those in the 

two other conditions. Li and colleagues (2004) randomly assigned participants over the age of 60 

to 24-weeks of either tai chi or a low-impact yoga style intervention. Those in the tai chi 

condition showed significant improvements in subjective sleep quality, sleep onset latency 

(SOL), total sleep time (TST), SE, sleep disturbances, and sleep dysfunction, as measured by the 

Pittsburgh Sleep Quality Index (PSQI) and the Epworth Sleepiness Survey (ESS), compared to 

the yoga condition, which showed no significant improvements. Finally, Elavsky and McAuley 

(2007) randomly assigned previously sedentary women, 42-58 years old, into either a yoga, 

walking or control group. After four months, the walking group showed slight, but non-

significant improvements in sleep as assessed by the PSQI, but neither the yoga nor the control 

groups showed improvement, and there were no between groups differences. The yoga findings 

were in agreement with Li et al. (2004) above. 

The following studies compared exercise conditions to control groups on sleep outcomes. 

Singh, Clements and Fiatarone (1997) compared participants randomly assigned to a “high 

intensity” progressive resistance training exercise group to those assigned to a health-education 

group on subjective sleep parameters. After ten weeks, those in the exercise group showed 

statistically significant improvements on global PSQI scores compared to the health-education 

group. King and colleagues (1997) randomly assigned previously sedentary participants to either 

a 16-week exercise prescription that included low-impact aerobics, walking and/or cycling, and 

gradually increased over the first six weeks from moderate to high intensity (based on heart-
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rate), or to a wait-list control group. Those in the exercise group showed significant 

improvements in their PSQI global scores, compared to the wait-list group.  

In sum, certain types of exercise appear to improve sleep (e.g., weight training, aerobic 

exercise, tai chi, water exercise), while others appear to have limited or no impact (e.g., yoga, 

walking). One problem with interpreting these data is that type of exercise may be nested within 

intensity (i.e., weight training = moderate intensity and aerobic exercise = high intensity), 

making it difficult to separate effects. Generally speaking, exercises that increase heart rate but 

do not impact breathing to a great degree are considered low intensity, those that increase heart 

rate, breathing and sweat production fall in the moderate intensity range, and those that cause 

heart “pounding,” labored breathing and rapid muscle fatigue are considered high intensity 

(Ainsworth, Haskell, Leon, & Jacobs, 1993). It is possible that intensity of the exercise is more 

important than the type of exercise. 

Theoretically, increased exercise intensity would logically result in both increased energy 

use as well as an increased likelihood of tissue in need of repair. Increased intensity also results 

in higher metabolic use, which would increase body temperature, thus allowing for the increase 

in subsequent sleep drive. However, questions remain regarding the minimum intensity level 

necessary to effect these changes. One way to clarify the issue of type or intensity would be to 

assess the relative benefits of different exercise types, keeping the intensity level constant, or 

assess the relative benefits of the same type of exercise, at different intensity levels.  

Time of Day  

The research on time of day of exercise and sleep has been examined in detail, and is 

most closely related to the thermogenic theory of exercise and sleep. Generally, exercise seems 

to be beneficial to sleep when it occurs close to sleep, but not so close as to have an alerting 
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effect (Horne & Porter, 1976; Youngstedt, O’Connor, & Dishman, 1997). Horne and Porter 

(1976) examined this question with a study of the effects of morning and evening exercise on 

sleep. They found that evening exercisers had increased SOL compared to morning exercisers 

(Horne & Porter, 1976).  

Youngstedt, O’Connor and Dishman (1997) used meta-analytic methods to evaluate the 

effects of acute exercise on sleep. They found that exercise completed 4-8 hours before bed 

decreased SOL and wake time after sleep onset (WASO). Additionally, this analysis showed that 

exercise either less than four hours or more than eight hours before bedtime actually resulted in 

increased SOL and WASO, compared to controls. This research supports the thermogenic 

theory’s position that exercise is most beneficial to sleep when it occurs during the natural 

temperature plateau. However, the above meta-analysis does not appear to take into account 

either exercise frequency, type, or intensity.  

Slightly different findings by O’Connor, Breus, and Youngstedt (1998) offer another 

explanation for the thermogenic relationship between sleep and exercise. These researchers 

showed that one hour of vigorous exercise in moderately active young adults that ended 30 

minutes before bedtime did not significantly change typical sleep patterns. Additionally, non-

significant improvements in sleep were found following the exercise intervention. The actual 

core body temperature remained higher at sleep onset than baseline, but it seemed to be the 

initial rate of drop in temperature that played a larger role in sleep drive.  

Physical Fitness 

Additionally, there is research examining history of exercise participation (e.g., chronic 

vs. acute). Physically fit individuals, or those who regularly participate in physical activity, tend 

to have longer TST, shorter SOL, and higher levels of slow wave sleep (Edinger et al., 1993; 
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Morgan, 2003). Baseline fitness level was the only statistically significant variable related to 

sleep continuity measures (e.g., SE, SOL, WASO) in a study examining the effects of acute high 

intensity exercise on sleep in older men (Edinger et al., 1993).  

Problems with Previous Research 

One concern with many of the previous studies is the assessment of sleep. Many previous 

studies used standardized questionnaires to assess sleep components and quality (Elavsky & 

McAuley, 2007; Li et al., 2004; Morgan, 2003; Singh et al., 1997), rather than the more widely 

accepted sleep diary (Lichstein et al., 2006). Sleep diaries are the preferred subjective measure of 

sleep, and are considered a standard measurement by the American Academy of Sleep Medicine 

Standards of Practice Committee (Morgenthaler et al., 2007). Sleep diaries are significantly 

correlated with polysomnography (PSG) on WASO, TST, and SE (r = .46-.59; Lichstein et al., 

2006) and are superior to single-point retrospective estimates of sleep (Coursey, Frankel, 

Gaarder, & Mott, 1980).  

Additionally, most studies examined clinical populations or older adults with a variety of 

comorbid problems, which could confound the results, and makes generalization to the public 

difficult (Alencar et al., 2006; Edinger et al., 1993; King et al., 1997; Li et al., 2004; Singh et al., 

1997; Tanaka et al., 2001; Tworoger et al., 2003). The one study that did examine young, healthy 

participants without sleep complaints found little statistical support for a relationship between 

physical activity and sleep (Youngsted et al., 2003). However, this group excluded sedentary 

individuals, analyzing data from only those who had participated in at least some physical 

activity over the 3- month period. By doing so, the researchers created a ceiling effect in that 

their participants were normal sleepers as well as being physically active individuals.  
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Many of the previous studies also used physical activity interventions that consisted of 

acute bouts of exercise that were neither realistic (e.g., pulses or bundles of high intensity 

exercise over one to five hour increments) nor generalizable out of the laboratory setting (Buxton 

et al., 1997; Driver & Taylor, 2000; Horne & Porter, 1976). While this type of research provides 

information regarding the acute physiological responses to physical activity and their effect on 

sleep, it is difficult to apply this knowledge to real-life situations.  

Finally, no study simultaneously examined the association of sleep with various types, 

intensities, and timing of exercise (Table 1). Thus, it is difficult to translate this data into 

practical advice for individuals wishing to improve their sleep through the use of exercise. To 

date, the proposed study is the first to examine all of these areas simultaneously within the same 

population. 

Current Study 

The goal of the current study was to add to the research examining the relationship 

between physical activity and sleep. The current study utilized sleep diaries, along with other 

frequently used subjective measures of sleep, such as the Insomnia Severity Index (ISI; Bastien, 

Vallieres & Morin, 2001) and the PSQI (Buysse, Ancoli-Israel, Edinger, Lichstein & Morin, 

2006). The use of a sleep diary allowed us to examine specific sleep parameters related to 

physical activity with a more valid instrument than used in previous survey studies. This was the 

first epidemiological study to use all three of the recommended measures, a sleep diary, the 

PSQI, and the ISI (Buysse et al., 2006; Coursey, Frankel, Gaarder, & Mott, 1980) for assessing 

sleep in the examination of its relationship with exercise. I also examined differences in 

frequency, types, intensity and timing of exercise between good sleepers and those with sleep 

problems (e.g., insomnia). Additionally, by examining a large sample of young, presumably 



 

8 

 

healthy participants, likely with a wide range of physical activity habits, the current study 

analyzed a broad range of possible relationships between sleep and physical activity. Finally, 

because of the magnitude of this study, I was also able to control for possible confounding 

variables, such as age, gender, race, caffeine consumption, cigarette use, and mental health 

constructs (e.g., depression and anxiety). I hypothesized the following: 

• More frequent physical activity would predict better sleep. 

• There would be a difference between exercise types on sleep parameters. Running, 

competitive sports and weight lifting would be more strongly related to better sleep than 

stretching, yoga, walking and no exercise, after controlling for frequency and time of 

exercise. 

• Higher total caloric usage (i.e., metabolic equivalents [METs]; Frequency x Type) would 

predict better sleep. 

• There would be a difference between those meeting the American Heart Association’s 

(AHA) recommendations for a healthy lifestyle (i.e., ≥ 15 METs per week) and those 

who did not. Meeting the recommendations would be related to better sleep. 

• There would be a difference between typical time of exercise on sleep parameters. 

Morning, early afternoon and evening exercise (e.g., 4-8 hours before bedtime) would be 

related to better sleep than early morning or nighttime exercise. 

• Self-identification of higher fitness levels would predict better sleep. 

• Participants who met the research criteria for a diagnosis of insomnia would  

o Exercise less  

o Be more likely to exercise during the early morning and nighttime hours  



 

9 

 

Power analyses revealed that to find statistical significance at the alpha = .05 level, with .95 

power, the following sample sizes would be needed: analysis of variance (ANCOVA; an N = 400 

needed), regression (N = 160 needed), t-test (N = 64 per group needed), and chi-square (N = 100 

needed) techniques (Erdfelder, Lang & Buchner, 2007).  
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METHODS 

Data was collected by the University of North Texas (UNT) Sleep and Health Lab during 

the 2006-2007 academic year, following approval from the Institutional Review Board. The 

sample consisted of 255 male and 748 female (N = 1003) students in psychology courses at 

UNT, who were awarded extra credit points for completing a health survey and a week-long 

sleep diary. The health survey included a variety of questionnaires that assessed health 

behaviors, mood, sleep habits, and academic ability.  

 Interested students could access the consent form and questionnaires online. Participants 

were instructed to sign the consent form, and then fill out the sleep diary over the following 

week, followed by the questionnaires, which referenced the previous week. Once completed, all 

questionnaires and diaries were returned to the Sleep and Health Lab.  

Materials 

 The primary measures used for these analyses were the sleep diary and a set of questions 

regarding physical activity from the health questionnaire portion of the battery. Other variables 

used in secondary analyses included the Pittsburgh Sleep Quality Index (PSQI), the Insomnia 

Severity Index (ISI), and the Multidimensional Fatigue Index (MFI). Measures used to provide 

control variables included the Quick Inventory of Depressive Symptomatology (QIDS), the 

State/Trait Anxiety Inventory (STAI), and information from the health survey.  

Sleep Diaries  

Sleep diaries were used to measure sleep patterns (Lichstein, Wilson, Noe & Aguillard, 

1994). Participants completed diaries each morning daily. Participants were asked to give an 

estimate of their sleep the night before (e.g., bedtime, sleep onset, etc.). Research has found that 

sleep diaries are better than single point retrospective estimates of typical sleep (Lichstein et al., 
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2006). Sleep variables calculated from the sleep diaries included average sleep efficiency (SE), 

total sleep time (TST), time in bed (TIB), sleep onset latency (SOL), wake after sleep onset 

(WASO), time between final awakening and time of getting out of bed (TWAK), number of 

awakenings (NWAK), time spent napping, how participants felt during the day (daytime 

quality), how they felt at awakening (wake quality), and the quality of their sleep (SQ). 

Health Questionnaire 

The health questionnaire portion of the battery was developed by Dr. Daniel Taylor and 

his research lab, and has no established reliability or validity. It was used to obtain self-report 

information on exercise, as well as other behaviors (e.g., alcohol use, caffeine consumption, etc), 

using a series of checklists and yes/no/open-ended questions. In regard to exercise, participants 

were asked the number of days in the past week they had participated in one of four exercises 

(cardiovascular, strength training, stretching, or walking), and the time they typically “exercised 

or worked out” during the past week (Figure 1). Information from the number of days per week 

of each exercise type allowed computation of two additional variables, total metabolic 

equivalents (MET) and American Heart Association (AHA) standards. Each of the four exercise 

types assessed has an average MET value indicating intensity level. One hour of cardiovascular 

exercise uses approximately 8 MET, one hour of strength training uses approximately 5 MET, 

one hour of walking uses approximately 4 MET, and one hour of stretching uses approximately 3 

MET (Ainsworth et al., 2000). Thus, for each person, the number of times they participated in 

each activity was multiplied by the respective MET for that exercise, then totaled. AHA 

standards were then computed as a function of this total MET score, and was based on the AHA 

guidelines that adults participate in moderate intensity exercise at least 5 days each week. Thus, 
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total MET was dichotomized into yes/no for meeting these standards (e.g., yes = total MET > 

15).  

Insomnia Severity Index  

The ISI is a 7-item self-report measure designed to assess perceived severity of insomnia 

(Bastien et al., 2001). Each item uses a 4-point Likert scale from 0 (not at all satisfied) to 4 (very 

much satisfied). The items sum to produce a total score (range 0 – 28). The ISI showed reliability 

with an internal consistency alpha coefficient of 0.74. The ISI also showed convergent validity 

with sleep diaries (range from 0.32-0.91; Bastien et al., 2001). 

Pittsburgh Sleep Quality Index  

The PSQI is a 19-item self-rated questionnaire composed of 15 multiple-choice items and 

4 write-in items that cover the domains: subjective sleep quality, SOL, TST, habitual SE, sleep 

disturbances, use of sleep medications, and daytime dysfunction (Buysee, Reynolds, Monk, 

Berman & Kupfer, 1989). The PSQI generates a global score (0 – 21) with a score greater than 

five considered to be suggestive of significant sleep disturbance. Cronbach’s alpha is 0.83 for the 

global score and correlations between the domain scales and global score range from 0.35 to 

0.76. Test-retest reliability was 0.85 for global score and ranged from 0.65 to 0.84 for the domain 

scales. Using a cutoff score of 5, the PSQI correctly identified 84% of patients with disorders of 

initiating or maintaining sleep, 89% with disorders of excessive sleepiness, and 97% of 

depressed patients.  

Multidimensional Fatigue Index  

The MFI is a 20-item self-report measure designed to measure fatigue (Smets, Garssen, 

Bonke & De Haes, 1995). It covers the dimensions of general fatigue, physical fatigue, mental 

fatigue, reduced motivation, and reduced activity. Each item uses a 5-item Likert scale ranging 
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from yes, that is true to no, that is not true. The MFI had an internal consistency range from 0.65 

to 0.80. Convergent validity between the MFI and VAS-fatigue scores ranged from 0.23 to 0.77. 

One item from the MFI-20 was used for the analyses. Item 1, “I feel fit”, was used as a self-

report statement regarding feelings of fitness level. 

Quick Inventory of Depressive Symptomatology  

The QIDS is a 16-item version of the Inventory of Depressive Symptomatology (Rush et 

al., 2003). It focuses on the nine Diagnostic and Statistical Manual of Mental Disorders, 4th 

edition (DSM-IV) symptom domains of depression: sleep disturbance, psychomotor disturbance, 

weight gain/loss, depressed mood, decreased interest, decreased energy, worthlessness/guilt, 

concentration/decision making, and suicidal ideation. Each item is rated 0 (no symptoms) to 3 

(extreme symptoms) and the total score has a range of 0 to 27. The QIDS has a Cronbach’s alpha 

with a range of 0.81 to 0.90. It is highly correlated with the Hamilton Rating Scale for 

Depression (HRS-D) and is highly correlated with the IDS. 

State-Trait Anxiety Inventory  

The STAI is made up of two scales, each with 20 statements, each statement on a 4 point 

scale (Spielberger, Gorsuch & Lushene, 1970). The State scale consists of statements that ask 

people to describe how they feel at a particular moment in time (e.g., calm, tense) and the Trait 

scale consists of statements describing how people generally feel (e.g., confident). The internal 

consistency for the State scale had a range from 0.65 to 0.96 and the test-retest reliability had a 

range from 0.34 to 0.96. The internal consistency of the Trait scale had a range from 0.72 to 0.96 

and the test-retest reliability had a range from 0.82 to 0.94 (Barnes, Harp & Jung, 2002). The 

STAI total score was used for the following analyses. 
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RESULTS 

Participants 

 The mean age was 20 (SD = 3.93), and the sample was 66% European American, 13% 

African American, 10% Hispanic, 6% Asian/Pacific Islander, 1% Native American, and 4% 

“Other.” A total of 86.2% (n = 865) college students reported participating in some form of 

physical activity, with 72.7% meeting the American Heart Association (AHA) recommendations 

for physical activity. Descriptive statistics for the sleep parameters can be seen in Table 2 and for 

the exercise variables in Table 3. Average bed time for this sample was approximately 00:54, 

while average wake time was 08:49. 

Exercise Frequency and Sleep Diary Data 

 To test the hypothesis that increased frequency of physical activity would predict better 

sleep, Pearson product-moment correlations were run between sleep variables gleaned from 

weekly sleep diaries and exercise frequency. Sleep variables calculated from the sleep diaries 

included average sleep efficiency (SE), total sleep time (TST), time in bed (TIB), sleep onset 

latency (SOL), wake after sleep onset (WASO), time between final awakening and time of 

getting out of bed (TWAK), number of awakenings (NWAK), time spent napping, how 

participants felt during the day (daytime quality), how they felt at awakening (wake quality), and 

the quality of their sleep (SQ). As seen in Table 4, an increase in frequency was related to higher 

SE, and lower TIB and TWAK (all ps < .05). 

To control for potential demographic, psychological and health behavior confounding 

variables (Tables 5 and 6), multiple regression analyses (i.e., stepwise, simultaneous, 

hierarchical) were run with the above significant sleep variables (i.e., SE, TIB, and TWAK) as 

the outcome variables, and frequency and significant covariates as the predictor variables. 
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The first outcome of interest was SE, as it is made up of other sleep components (SE = 

[TIB – (SOL + WASO + TWAK)]/TIB), making it a comprehensive assessment of sleep. Age, 

depression, anxiety, alcohol used for sleep, cigarette use, caffeine consumption, stimulant use 

and frequency of exercise were entered into the analysis. The final stepwise regression model 

included only depression and caffeine consumed, and predicted 11.7% of the variance in SE, 

F(2, 941) = 62.32, p < .001. Increased depression and caffeine use predicted decreased SE. 

Simultaneous and hierarchical regressions produced similar results. 

TIB was the next variable assessed, and age, depression, anxiety, caffeine consumption, 

and frequency of exercise were entered into the analysis. The final stepwise regression model for 

TIB included only frequency of exercise and age, and predicted 0.8% of the variance in TIB, 

F(2, 1027) = 4.32, p = .01. Increased age and exercise frequency predicted decreased TIB. 

Holding age constant, for each standard deviation increase in exercise frequency, there was a .07 

standard deviation decrease in TIB. Again, simultaneous and hierarchical regressions produced 

similar results. 

TWAK was the next variable assessed, and anxiety, alcohol consumption, alcohol used 

for sleep, caffeine consumption and frequency of exercise were all entered into the analysis. The 

final stepwise regression model for TWAK included depression, alcohol used for sleep, and 

frequency of exercise, and predicted 6.3% of the variance in TWAK, F(3, 957) = 22.54, p < .001. 

Increased depression and alcohol used for sleep predicted increased TWAK. Increases in 

exercise frequency predicted decreased TWAK. Holding depression and alcohol for sleep 

constant, for each standard deviation increase in exercise frequency, there was .07 standard 

deviation decrease in TWAK. A slight difference was seen using simultaneous regression, where 
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the only significant predictors were depression and exercise frequency. The hierarchical 

regression produced similar results. 

Exercise Type and Sleep Diary Data 

 Analysis of the different types of exercise utilized revealed that we had an inadequate 

number of participants who reported solely using any single exercise type to analyze the 

relationship between exercise type and sleep.  As can be seen in Table 3, only 5 participants 

reported participation exclusively in strengthening exercises and 19 used stretching only. 

Exercise Intensity and Sleep Diary Data 

To test the hypothesis that more physical activity would predict better sleep, Pearson 

Product-Moment correlations were run between sleep variables and exercise intensity (i.e., total 

METs = type x frequency). As seen in Table 4, an increase in total METs was related to greater 

SE and lower TIB and TWAK.  

To control for potential demographic, psychological and health behavior confounding 

variables (Tables 5 and 6), multiple regression analyses (i.e., stepwise, simultaneous, 

hierarchical) were run with the above significant sleep variables as the outcome variables, and 

total MET and significant covariates as the predictor variables. 

SE was the first variable assessed, and age, depression, anxiety, alcohol used for sleep, 

cigarette use, caffeine consumption, stimulant use and total MET were entered into the analysis. 

The final stepwise regression model for SE included only depression and caffeine consumed, and 

predicted 11.7% of the variance in SE, F(2, 941) = 62.32, p < .001. Increased depression and 

caffeine use predicted decreased SE. Simultaneous and hierarchical regressions produced similar 

results.  
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TIB was the next variable assessed, and age, depression, anxiety, caffeine consumption, 

and total MET were entered into the analysis. The final stepwise regression model for TIB 

included only total MET and age, and predicted 0.9% of the variance in TIB, F(2, 1027) = 4.43, 

p = .01. Increased age and total MET predicted decreased TIB. Holding age constant, for each 

standard deviation increase in total MET, there was a .07 standard deviation decrease in TIB. 

Again, simultaneous and hierarchical regressions produced similar results. 

TWAK was the next variable assessed, and anxiety, alcohol consumption, alcohol used 

for sleep, caffeine consumption and total MET were all entered into the analysis. The final 

stepwise regression model for TWAK included depression, total MET and alcohol used for 

sleep, and predicted 6.2% of the variance in TWAK, F(3, 957) = 22.00, p < .001. Increased 

depression and alcohol for sleep predicted increased TWAK. Increases in total MET predicted 

decreased TWAK. Holding depression and alcohol for sleep constant, for each standard 

deviation increase in total MET, there was .08 standard deviation decrease in TWAK. A slight 

difference was seen using simultaneous regression, where the only significant predictors were 

depression and total MET. The hierarchical regression produced similar results. 

American Heart Association (AHA) Guidelines and Sleep Diary Data 

To test the hypothesis that participants meeting AHA recommendations for a healthy 

lifestyle would sleep better than those who did not, a multivariate analysis of covariance 

(MANCOVA) was performed comparing those two groups on sleep variables (Table 8), with 

time of exercise as a covariate. The MANCOVA was not significant, Wilk’s lambda = .99, F(11, 

936) = 1.33, p = .20. 
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Habitual Time of Exercise and Sleep Diary Data 

To test the hypothesis that morning, early afternoon and evening exercise (e.g., 4-8 hours 

before bedtime) would be related to better sleep than early morning or night exercise, a 

MANCOVA was performed comparing the five exercise times on the sleep diary variables, 

controlling for the effects of exercise intensity (METs), and excluding non-exercisers. There 

were significant main effects for exercise time, Wilks’ Lambda = .91, F(4, 780) = 1.73, p = .002. 

Tests of between-subjects effects revealed a significant difference between groups on TST, F(4, 

780) = 5.78, p < .001, TIB, F(4, 780) = 6.57, p < .001, and daytime quality, F(4, 780) = 2.48, p = 

.04. 

As seen in Table 7, pairwise comparisons of TST revealed early morning exercisers had 

shorter TST than afternoon, evening, or night exercisers (all ps < .05), and shorter TIB than all 

other groups of exercisers (all ps < .05). Morning exercisers also reported lower daytime quality 

than afternoon exercisers (p = .04).  

Curve estimation analyses were used to examine the relationship between exercise 

intensity level and time of day on sleep variables. Two linear relationships were found. 

Participants who reported higher levels of exercise (i.e., higher total METs) during the nighttime 

hours (i.e., 19:00-24:00) also reported higher SE, R2 = .02, b1 = .03, F(1, 245) = 5.04, p = .03. 

Participants who reported higher levels of exercise during afternoon hours reported shorter 

WASO, R2 = .02, b1 = -.05, F(1, 197) = 4.07, p = .05. The same results were found for those who 

reported higher levels of exercise during nighttime hours, R2 = .02, b1 = -.04, F(1, 245) = 4.07, p 

= .05. No other significant joint relationships between exercise intensity and time were found in 

relation to sleep diary variables.  
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Self-Report of Fitness and Sleep Diary Variables 

To test the hypothesis that participants’ self-report of physical fitness would predict better 

sleep, first Pearson Product-Moment correlations were run between sleep variables gleaned from 

weekly sleep diaries (e.g., SE, TST, TIB) and one question from the Multidimensional Fatigue 

Inventory (MFI; e.g., “I feel fit”). As seen in Table 4, more positive responses (i.e., smaller 

numbers) to the “I feel fit” question were associated with higher SE and lower SOL, WASO, 

TWAK, NWAK, time spent napping, daytime quality, wake time quality and SQ (all ps < .05).  

To control for potential demographic, psychological and health behavior confounding 

variables (Tables 5 and 6) multiple regression analyses (i.e., stepwise, simultaneous, 

hierarchical) were run with the above significant sleep variables as the outcome variables, and “I 

feel fit” and significant covariates as the predictor variables. 

The only significant regression result included time spent napping as the outcome 

variable. Age, depression and self-reported fitness were entered into the equation, with only age 

and self-reported fitness included in the final model. This model predicted 1.1% of the variance 

in time spent napping, F(2, 1026) = 6.65, p = .001. Increased report of fitness and decreased age 

predicted decreased time spent napping. Simultaneous and hierarchical methods revealed similar 

results. 

Exercise and Insomnia Status 

 Because 10.1% of the sample met the research diagnostic criteria for insomnia (Figure 2), 

it was important to examine the relationship between this sleep disorder and physical activity. An 

independent samples t-test was used with insomnia status as the grouping variable and total 

METs as an outcome variable as it represents a calculation involving both frequency and 

intensity of exercise, thus providing a picture of total energy used by each participant. 
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Surprisingly, there was not a significant difference in total METs between groups; those with 

insomnia averaged 37.55 METs per week (SD = 30.91), while those without insomnia averaged 

41.20 METs per week (SD = 33.71). 

Exercise and Standardized Sleep Questionnaires 

The relationship between exercise and sleep was also evaluated with two standardized 

sleep questionnaires, the Insomnia Severity Inventory (ISI) and the Pittsburgh Sleep Quality 

Index (PSQI). The PSQI was not significantly related to any exercise variables, and was thus 

excluded from further analyses. Pearson product-moment correlations revealed a significant 

relationship between total METs and ISI scores (p < .05), where as total METs increased, ISI 

total score decreased.  
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DISCUSSION 

Exercise Frequency and Sleep 

 The body restoration and energy conservation theories predict that increased frequency of 

exercise participation would be related to better sleep parameters. This relationship was 

supported by the correlational analyses, which showed increased frequency and intensity (i.e., 

Frequency x Type) of physical activity was related to increased sleep efficiency, decreased time 

in bed in the morning.  

 One possible mechanism behind this relationship is that those who exercised more 

frequently had a higher quality or more restful sleep. Thus, when they awoke in the morning, 

they were ready to get out of bed and thus reported lower time between final awakening and time 

of getting out of bed (TWAK). Additionally, participants who exercised more frequently might 

be more disciplined or better able to manage their time, in comparison to their peers. This theory 

is supported by research showing a positive relationship between exercise participation and 

conscientiousness (Adams & Mowen, 2005). This personality characteristic could also affect 

their willingness to get out of bed shortly after awakening in the morning.  

Exercise Type and Sleep 

 The body restoration, energy conservation, and thermogenic theories of sleep predict that 

those who participated in strength training, cardiovascular exercise or multiple types of exercise 

would have better sleep than those who participated in walking and stretching exercises, because 

the former are higher intensity type exercises, which should entail a greater need for body 

restoration, energy conservation, and a greater increase in body temperature (resulting in a 

greater decline at bedtime). Unfortunately, assessment of this theory was impossible with this 

naturalistic sample, based on the inadequate number of participants who reported exclusive 
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participation in strengthening exercises.  The vast majority of participants reported participation 

in a number of different exercise types. Thus this question is likely best answered via an 

experimental design, in which participants are randomly assigned to different exercise types over 

a specified time period.  

Exercise Intensity and Sleep 

 The body restoration, energy conservation, and thermogenic theories of sleep predict that 

because greater amounts of exercise energy expenditure (i.e., increased frequency and type, 

measured by metabolic equivalents  or METs) should result in greater need for body restoration, 

energy conservation, and increased body temperatures (resulting in a greater decline at bedtime), 

METs should also be related to better sleep. This relationship was supported by the correlational 

analyses, which showed that higher MET usage was related to increased sleep efficiency, and 

decreased time in bed and time spent awake in bed. Further evaluation of these relationships with 

multiple regression methods revealed only a limited amount of predictive ability of total METs, 

with the most amount of variance explained in TWAK. These findings support previous evidence 

of moderate to high intensity exercise relating to better sleep (King et al., 1997; Singh, Clements 

& Fiatrone, 1997), although our findings did not reveal a very strong relationship.  

 The relationship between exercise intensity and sleep was very similar to that between 

exercise frequency and sleep. While the intensity measurement did take frequency into account, 

it is surprising that the metabolic usage did not add any explanatory value. Thus, it seems that for 

a typical, healthy population, how often one works out is more important than how hard the work 

out is.  
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Time of Exercise and Sleep 

 The thermogenic theory of sleep predicts that those who exercise in the early morning, 

morning, or at night should report worse sleep parameters than those who exercise at other times 

during the day. The current study found some support for this theory, with early morning 

exercisers reporting significantly shorter time in bed (TIB) and total sleep time (TST) than those 

who reported exercising at other times. One possible explanation for this difference is that 

participants who chose to exercise in the morning were purposefully restricting their sleep. 

However, if this were the case, differences in daytime and wake time quality would also be 

expected, and none were found. Thus, another possible, and more plausible, explanation is that 

people who need less sleep (e.g., “short sleepers”) would naturally wake up earlier, and see this 

as a good time to exercise, before other daily activities begin.  

 Follow-up analyses were run to examine the relationship between sleep and intensity of 

exercise within the different time periods. Surprisingly, increases in total METs reported during 

the nighttime hours (20:00-24:00) were related to increases in sleep efficiency (SE) and 

decreases in wake after sleep onset (WASO). These results were surprising because the 

thermogenic theory predicts that high intensity late night exercise would be related to worse 

sleep, as the greater increase in body temperature too close to “normal” bedtime would interfere 

with the natural circadian decline in temperature that typically starts at bedtime. This unexpected 

result can be explained though, when one considers the definition of “nighttime” exercise used 

within this study was originally based on a normal sleep schedule of 22:00-07:00, but in fact the 

college students in this study actually showed an average sleep schedule of 00:54-08:49. Thus, 

what might typically be considered “late” exercise would actually be during the average college 

student’s biological afternoon or evening. 
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Exercise and Insomnia 

 It was hypothesized that participants who met the research diagnostic criteria for 

insomnia would report less exercise, and/or would exercise at times previously shown to be 

detrimental to sleep (i.e., early morning, morning and night). However, analyses of both 

insomnia status and of the standardized sleep questionnaires found no differences between 

groups (insomnia vs. no insomnia) on exercise frequency or timing. These results were 

somewhat surprising considering previous epidemiological studies have found exercise to be 

predictive of insomnia status (Edinger et al., 1993; Morgan, 2003). However, these studies 

typically examined older adults (e.g., Morgan, 2003), which could account for this discrepancy, 

as young adults tend to be more active and healthy (i.e., 86.2% exercised in the current study), 

which creates both a ceiling and a floor effect when looking for differences in health variables.  

Strengths 

 The current study had a number of strengths. The first was the method of assessment for 

sleep. Because objective measurements, such as polysomnography and actigraphy, were not 

available and not financially practical for such a large number of participants, the current study 

went to the next best method of assessment: the week-long sleep diary. This method, while still 

utilizing self-report mechanisms, has proven valid and reliable in a number of populations 

(Buysse et al., 2006). This strength was also carried over in the assessment of exercise. While 

other epidemiological studies have assessed exercise using yes/no questions, the current study 

used more in depth measures to allow for a more complete assessment of exercise behaviors 

across a number of dimensions (i.e., frequency, intensity, and time).  

Another strength of the current study was the ability to control for a wide variety of 

possible covariates, including health behaviors and mental health constructs. This study also 
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helps to fill a gap in the field in terms of populations assessed. The majority of previous studies 

examining the relationship between exercise and sleep have focused on older adult populations. 

Thus, little was previously known about these habits in young adults. While this can be 

problematic in finding statistically significant results, due to ceiling and floor effects, such 

methods allow for descriptive and exploratory information that has previously been ignored. 

Overall, this study meets nearly all of the recommendations of Youngstedt and Kline (2006: use 

of large representative samples, inclusion of cross-sectional and prospective assessments of 

exercise and sleep, inclusion of validated assessments of exercise, sleep and health habits 

associated with sleep).  

Limitations 

 The current study had four primary limitations. As an epidemiological evaluation of the 

relationships between exercise and sleep, we are unable to infer any causal relationships. Thus, it 

is impossible to discern if the exercise behaviors were responsible for the relationships, or if 

perhaps the participants’ sleep resulted in differences in exercise behavior. A randomized 

controlled trial would have allowed the assignment to different types of exercise thus eliminating 

the problems seen in the limited number of participants reporting strengthening exercises in this 

sample.  

 Additionally, more information could have been gathered regarding participants’ exercise 

habits if daily exercise diaries had been completed. In this way, 1:1 relationships could have 

been examined along with pattern analyses. It would have also been possible to compare 

additional types of exercise (e.g., swimming or rock climbing) as well as ratings of fatigue and/or 

sleepiness following exercise, particularly at different time points. Further, it would have been 

useful to include a report of light exposure during exercise. Such exposure could result in 
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changes in sleep, thus making it a factor that should be controlled for, as recommended by 

Youngstedt and Kline (2006).  

 Finally the lack of objective measures of either sleep or exercise leaves questions to the 

accuracy of the data. While the sleep measures used have good reliability and validity, there are 

some discrepancies in accurately reporting information and some participants may answer 

questions in a socially desirable manner.  

Summary and Future Directions 

 Overall, this study supports the existence of a relationship between sleep and exercise in 

young adults, which supports previous research that has shown moderate and high intensity 

exercise to have a beneficial relationship with sleep (Elavsky & McAuley, 2007; Li et al., 2004). 

Finally, while the results for the analyses regarding time of exercise were not expected, these 

findings support the hypothesis of an accelerated cooling of body temperature being related to 

sleep onset.  

 A number of experimental studies could be designed from the findings of the current 

study. It would be interesting to compare sedentary to active samples on a variety of sleep 

variables, following exercise interventions.  The most appealing would be a factorial design, 

where participants are randomized to different types of exercise, frequencies, intensities, and 

timing of exercise. This four-way factorial design could help elucidate the relationship between 

all of these variables that are commonly varied in exercisers, and would be essential to 

determining which variables might be most important in changing sleep.  
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Table 1 

Summary of Previous Exercise and Sleep Studies 
Study Sample Age 

(M) 
Female N Exercise Length Frequency Control Sleep DV Results Problems 

Intensity/Type 
Buxton et 
al., 1997 

NP 25 0% 8 
 

High 
intensity 
(stair 
climb)  
 
Low 
intensity 
(arm and 
leg)  

Low = 3 
hour 
 
High = 1 
hour 

1 time on 
night of 
testing 

Baseline 
measures 
 

Melatonin 
levels 

Significant 
shift in 
melatonin for 
low intensity, 
not high 

Isolated 
bout of 
exercise at 
odd time 
(0100). 
Difficult to 
apply out of 
laboratory 
setting. 

Singh et al., 
1997 

DP 71.3 63% 32 High 
intensity 
(weight 
training) 

10 wks; 
45 min/ 
session 

3x/week Attention-
control 

PSQI, self-
report of 
sleep 
quality and 
quantity 

Exercise 
improved all 
subjective 
sleep-quality 
and depression 
measures 

 

King et al., 
1997 

NSP 62.4 67% 43 Moderate 
intensity 
(low-
impact 
aerobic) 

16 wks;  
60 min/ 
session 

4x/week WLC PSQI, sleep 
diary 

Improvements 
in PSQI global 
score, SQ, 
SOL, TST 

 

Alencar et 
al., 2006 

NP 43.5 80% 95 Water 
exercise, 
strength 
training, 
aerobic 
exercise 

Not 
available 

Not 
available 

n/a Sleep diary Water 
exercisers 
showed 
greater TST 
than others 

No control 
group, also 
some had 
been 
exercising 
for longer. 

(table continues) 
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Table 1 (continued). 
Study Sample Age 

(M) 
Female N Exercise Length Frequency Control Sleep DV Results Problems 

Intensity/Type 
Li et al., 
2004 

NSP 75.4 81% 118 Tai Chi  24 wks; 
60 min/ 
session 

3x/week Low-
impact 
exercise 

PSQI, ESS Tai chi sig. 
improvements 
in PSQI 
compared to 
control 

Used an 
intervention 
as a control 
group. 

Elavsky 
2007 

NSP 49.9 100% 164 Moderate 
intensity 
(walking) 
 
Low 
intensity 
(yoga) 

16 wks; 
60 min/ 
session 
(walking) 
90 min/ 
session 
(yoga) 

3x/week WLC PSQI No significant 
differences in 
change scores 
within or 
between 
groups; small 
effect size for 
improved SQ 
in walking 
group 

 

Time of Day 
Horne and 
Porter, 1976 

NP    Morning 
exercise 
 
Evening 
exercise 

1 
session 
for each 
time 
period; 
different 
days 

  PSG P.M. exercise 
had significant 
increase in 
stage 3 for the 
first half of the 
night 

 

Tanaka et 
al., 2001 

RDS 72.0 Not 
available 

6 Evening 
moderate-
intensity 
exercise 
plus short 
nap 

4 
weeks; 
30 min/ 
session 

7x/week Baseline 
measures 

Actigraphy Improvements 
in WASO and 
SE. 

No control 
group; 
difficult to 
determine if 
exercise or 
nap 
improved 
sleep. 

(table continues) 
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Table 1 (continued). 
Study Sample Age 

(M) 
Female N Exercise Length Frequency Control Sleep DV Results Problems 

Time of Day 
Tanaka et 
al., 2001 

RDS 72.0 Not 
available 

6 Evening 
moderate-
intensity 
exercise 
plus short 
nap 
 

4 
weeks; 
30 min/ 
session 

7x/week Baseline 
measures 

Actigraphy Improvements 
in WASO and 
SE. 

No control 
group; 
difficult to 
determine 
cause. 

Tanaka et 
al., 2002 

NP 73.8 Not 
available 

11 Evening 
moderate-
intensity 
exercise 
(stretching 
and 
flexibility) 
plus short 
nap 

4 
weeks; 
30 min/ 
session 

7x/week Baseline 
measures 

Actigraphy Improvement 
in SE. 

No control 
group; 
difficult to 
determine if 
exercise or 
nap 
improved 
sleep. 

Fitness Level 
Morgan, 
2003 

NP 65+ Not 
available 

1023 Activity 
levels (via 
interview) 
over 
previous 8 
years 

n/a n/a Baseline 
measures 

Self-report 
of 
insomnia 

Lower 
physical 
activity levels 
emerged as 
risk factors for 
insomnia. 

 

NP = normal participants, DP = depressed participants, NSP = normal sedentary participants, RDS = reported difficulty sleeping 

WLC = wait list control 
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Table 2 

Descriptive Statistics for Sleep Variables of Interest 

 
Variable 

 
Mean  

 
SD 

 
Range 

SE (%) 90.84  5.87 53.24-100.00 

TST (min) 446.81  64.28 161.43-682.43 

TIB (min) 490.54  64.30 210.00-741.43 

SOL (min) 21.12  20.10 0-237.86 

WASO (min) 6.99  10.38 0-94.29 

TWAK (min) 15.52  12.83 0-11.43 

NWAK  0.85  0.79 0-4.14 

Nap (min) 26.78  33.44 0-398.57 

DQ 6.45  1.35 1.57-10.00 

WQ 5.65  1.60 1.00-10.00 

SQ 7.01  1.51 .71-10.00 

ISI 7.21  5.03 0-28.00 

PSQI 5.53  2.73 0-16.00 

Note. SE = Sleep efficiency; TST = Total sleep time; TIB = Time in 

 bed; SOL = Sleep onset latency; WASO = Wake after sleep onset;  

TWAK = time between final awakening and time of getting out of  

bed; NWAK = number of awakenings; DQ = Daytime quality; WQ  

= Wake time quality; SQ = Sleep quality; ISI = Insomnia Severity  

Index total score; PSQI = Pittsburgh Sleep Quality Index Global  

Score.  
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Table 3  

Descriptive Statistics for Exercise Variables 

   Sessionsc METd 

 Totala Exclusiveb Mean SD Mean SD 
Cardiovascular 669 37 2.19  2.11 17.51  16.85 

Strength 494 5 1.58  2.02 7.90  10.12 

Stretch 581 19 1.95  2.20 5.86  6.61 

Walk 678 108 2.40  2.32 9.58  9.28 

aNumber of participants who reported at least one bout of specified type of exercise over the course of  

one week.  

bNumber of participants who reported exercising exclusively in this type. 

cAverage number of sessions per week. 

dAverage Metabolic Equivalents used by participants per category.
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Table 4  

Pearson Product-Moment Correlations Between Sleep Diary Variables and Exercise Variables 

  
  SE 

 
TST 

 
TIB 

 
SOL 

 
WASO 

 
TWAK 

 
NWAK 

 
Naps 

 
DQ 

 
WQ 

 
SQ 

Frequency  .07* -.03 -.06* -.05 -.04 -.10** -.03 -.05  .04  .04  .02 

Intensity (Frequency x Type)          

Total MET  .08** -.02 -.06* -.06 -.05 -.11** -.03 -.05  .05  .05  .03 

Fitness            

MFI item-1 -.15** -.05  .02  .09**  .13**  .10**  .12**  .07* -.19** -.16** -.12** 

Note. SE = Sleep efficiency; TST = Total sleep time; TIB = Time in bed; SOL = Sleep onset latency; WASO = Wake after sleep onset;  

TWAK = time between final awakening and time of getting out of bed; NWAK = Number of awakenings; DQ = Daytime quality;  

WQ = wake quality; SQ = Sleep quality. 

*p < .05, **p < .01 
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Table 5 

Pearson Product-Moment Correlations Between Dependent Variables and Covariates 

  
Age 

 
Depression 

 
Anxiety 

 
Alcohol 

 
Alcohol for 

Sleep 

 
Cigarettes 

 
Caffeine 

 
Stimulants 

SE -.08* -.11** -.23** -.04  -.08* -.08** -.14** -.07* 

TST -.10** -.32** -.13** -.01  .002 -.04 -.10** -.06 

TIB -.06*  .04 -.04  .01 .04 -.01 -.04 -.02 

SOL  .02  .21**  .13**  .03 .04  .09**  .13**  .02 

WASO  .12**  .22**  .17** -.01 .04  .03  .04  .09** 

TWAK  .03  .23**  .14**  .06*   .10**  .01  .07*  .05 

NWAK  .10**  .25**  .16** -.02 .04  .01  .03  .06* 

Nap -.08**  .08** -.01  .01 -.04 -.02 -.04 -.02 

DQ  .06 -.34** -.36** -.08* -.05 -.08* -.08* -.11** 

WQ  .06 -.26** -.30** -.12**   -.11** -.07* -.11** -.13** 

SQ  .02 -.27 ** -.26** -.03 -.04 -.06 -.10**  .11** 

ISI -.01  .57**  .50**  .04   .13**  .05  .04  .10** 

PSQI  .001  .46**  .38**  .07*   .13**  .12**  .13**  .15** 
Note. SE = Sleep efficiency; TST = Total sleep time; TIB = Time in bed; SOL = Sleep onset latency; WASO = 

Wake after sleep onset; TWAK = time between final awakening and time of getting out of bed; NWAK = Number 

of awakenings; DQ = Daytime quality; WQ = wake quality; SQ = Sleep quality; ISI = Insomnia Severity Index total 

score; PSQI = Pittsburgh Sleep Quality Index global score. 

*p < .05, **p < .01 



 

34 

 

Table 6 

Gender and Sleep Variables: Independent Samples t-test 

 Males (n = 255) Females (n = 748)   

Sleep Variables Mean SD Mean SD t d 
SE 91.11 6.04 90.78 5.80  0.78 0.06 

TST 443.20 68.10 448.55 62.52 -1.15 0.08 

TIB 484.50 67.26 492.96 63.05 -1.82 0.13 

SOL 51.54 22.21 20.80 17.81  0.54 0.04 

WASO 5.27 7.11 .54 11.09 -3.06** 0.22 

TWAK 14.30 12.13 16.00 13.13 -1.81 0.13 

NWAK 0.74 0.75 0.90 0.81 -2.82** 0.20 

Nap 25.88 42.66 27.36 29.98 -0.60 0.04 

DQ 6.62 1.31 6.39 1.35  2.40* 0.17 

WQ 5.75 1.61 5.60 1.59  1.35 0.10 

SQ 7.10 1.49 6.99 1.52  1.05 0.08 

ISI 6.42 4.75 7.55 5.09 -3.10** 0.23 

PSQI 5.36 2.50 5.61 2.81 -1.23 0.09 
Note. SE = Sleep efficiency; TST = Total sleep time; TIB = Time in bed; SOL = Sleep onset  

latency; WASO = Wake after sleep onset; TWAK = time between final awakening and time  

of getting out of bed; NWAK = Number of awakenings; DQ = Daytime quality; WQ = wake  

quality; SQ = Sleep quality; ISI =Insomnia Severity Index total score; PSQI = Pittsburgh Sleep 

Quality Index global score. 

*p < .05, **p < .01 

 

 



 

35 

 

Table 7 

MANOVA Table for Time of Exercise and Sleep Diary Variables  

 Early Morning (n = 42) Morning (n = 92) Afternoon (n = 162) Evening (n = 151) Night (n = 210)   

 Meana St. Error Meana St. Error Meana St. Error Meana St. Error Meana St. Error  F ηp
2 

SE 90.60 .83 89.96 .59 90.90 .43 91.45 .44 91.19 .38  1.16 .006 

TST 415.89 8.72 441.15 6.25 457.14 4.52 456.38 4.69 443.81 4.06  5.78*** .03 

TIB 455.59 8.50 490.10 6.09 500.77 4.40 498.06 4.57 486.03 3.96  6.57*** .03 

SOL 17.71 2.80 23.72 2.01 20.71 1.45 21.25 1.51 20.74 1.31  .83 .004 

WASO 7.94 1.46 9.66 1.05 7.19 .76 6.06 .79 6.39 .68  2.27 .01 

TWAK 13.84 1.67 15.54 1.20 15.94 .86 14.36 .90 14.85 .78  .56 .003 

NWAK .86 .11 .89 .08 .88 .06 .83 .06 .80 .05  .42 .002 

Nap 22.40 4.31 23.13 3.09 24.09 2.23 23.72 2.32 29.19 2.01  1.36 .01 

DQ 6.51 .19 6.18 .14 6.69 .10 6.45 .10 6.46 .09  2.48* .01 

WQ 5.84 .22 5.61 .16 5.89 .12 5.64 .12 5.59 .10  1.25 .01 

SQ 6.94 .21 6.81 .14 7.23 .11 6.90 .11 7.03 .10  1.77 .01 

aEstimated marginal means. 
Note. SE = Sleep efficiency; TST = Total sleep time; TIB = Time in bed; SOL = Sleep onset latency; WASO = Wake after sleep onset; TWAK = time  
between final awakening and time of getting out of bed; NWAK = Number of awakenings; DQ = Daytime quality; WQ = wake quality; SQ = Sleep quality. 
*p < .05, **p < .01, ***p < .001 
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Table 8 

MANCOVA Table for American Heart Association Guidelines and Sleep Diary Variables 

 Yesa Nob   

 Meanc St. Error Meanc St. Error F ηp
2 

SE 91.00 .22 90.36 .38 2.16 .002 

TST 447.43 2.35 446.34 4.04 .05 .00 

TIB 490.53 2.35 491.87 4.04 .08 .00 

SOL 20.81 .74 22.18 1.27 .88 .001 

WASO 7.10 .38 6.62 .65 .40 .00 

TWAK 15.10 .47 16.70 .81 2.93 .003 

NWAK .84 .03 .86 .05 .09 .00 

Nap 25.05 1.16 30.39 2.00 5.58* .01 

DQ 6.47 .05 6.44 .09 .07 .00 

WQ 5.68 .06 5.60 .10 .46 .00 

SQ 7.03 .06 6.95 .10 .50 .001 

Note. SE = Sleep efficiency; TST = Total sleep time; TIB = Time in bed; SOL = Sleep  

onset latency; WASO = Wake after sleep onset; TWAK = time between final awakening 

 and time of getting out of bed; NWAK = Number of awakenings; DQ = Daytime quality;  

WQ = wake quality; SQ = Sleep quality. 

aParticipants who met American Heart Association’s criteria for a healthy lifestyle. 

bParticipants who did not meet American Heart Association’s criteria for a healthy lifestyle. 

c Estimated marginal means. 

*p < .05, **p < .01 
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How many of the past 7 days have you:  

Exercised or participated in sports activities for at least 20 minutes that made 

you sweat and breathe hard (e.g., jogging, swimming, basketball, tennis, fast 

bicycling) 

 

 

___ days 

Walked for at least 30 minutes at a time, when not participating in the above 

sports? 

 

___ days 

Done stretching exercises, such as toe touching, pilates, knee bending, or leg 

stretching? 

 

___ days 

Done strength exercises (e.g., push-ups, sit-ups, or weight lifting)? ___ days 

In the past 7 days, at what time did you usually exercise or work out?  

Early morning (5:00 - 8:59 am) ___ 

Morning (9:00 – 11:59 am) ___ 

Early afternoon (noon – 3:59 pm) ___ 

Late afternoon (4:00 – 6:59 pm) ___ 

Evening (7:00 pm – midnight) ___ 

 

Figure 1. Exercise questions from health survey.  
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1. The individual reports one or more of the following sleep related complaints: 

a. Difficulty initiating sleep 

b. Difficulty maintaining sleep 

c. Waking too early, or 

d. Sleep that is chronically nonrestorative or poor in quality 

2. The above sleep difficulty occurs despite adequate opportunity and circumstances for 

sleep. 

3. At least one of the following forms of daytime impairment related to the nighttime sleep 

difficulty is reported by the individual: 

a. fatigue/malaise; 

b. attention, concentration, or memory impairment; 

c. social/vocational dysfunction or poor school performance; 

d. mood disturbance/irritability; 

e. daytime sleepiness; 

f. motivation/energy/initiative reduction; 

g. proneness for errors/accidents at work or while driving; 

h. tension headaches, and/or GI symptoms in response to sleep loss; and  

i. concerns or worries about sleep. 

Figure 2. Research diagnostic criteria for insomnia disorder.
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Figure 3. Mean SE for different types of exercise. 
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Figure 4. Mean SOL and TWAK for different types of exercise. 
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