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Abstract
Adults with parental history of type 2 diabetes have high metabolic morbidity, which is
exacerbated by physical inactivity. Self-reported sleep <6 h/day is associated with increased
incidence of obesity and diabetes, which may be mediated in part by sleep-loss-related reduction
in physical activity. We examined the relationship between habitual sleep curtailment and physical
activity in adults with parental history of type 2 diabetes. Forty-eight young urban adults with
parental history of type 2 diabetes (27F/21M; mean [SD] age 26 [4] y; BMI 23.8 [2.5] kg/m2) each
completed 13 [2] days of sleep and physical activity monitoring by wrist actigraphy and waist
accelerometry while following their usual lifestyle at home. Laboratory polysomnography was
used to screen for sleep disorders. The primary outcome of the study was the comparison of total
daily activity counts between participants with habitual sleep <6 vs. ≥6 h/night. Secondary
measures included daily time spent sedentary and in light, moderate, and vigorous physical
activity. Short sleepers had no sleep abnormalities and showed signs of increased sleep pressure
consistent with a behavioral pattern of habitual sleep curtailment. Compared to participants who
slept ≥6 h/night, short sleepers had 27% fewer daily activity counts (P=0.042), spent less time in
moderate-plus-vigorous physical activity (−43 min/day; P=0.010), and remained more sedentary
(+69 min/day; P=0.026). Our results indicate that young urban adults with parental history of type
2 diabetes who habitually curtail their sleep have less daily physical activity and more sedentary
living, which may enhance their metabolic risk.

INTRODUCTION
Adults with parental history of type 2 diabetes are themselves at high risk for developing the
disease, particularly in the setting of physical inactivity and excessive weight gain.
Prevention of obesity in first degree relatives of diabetic patients is accompanied by a
reduction in diabetes risk by nearly 40% (1) and twin studies, which control for varying
genetic susceptibility to obesity, suggest that physical activity has the largest influence on
total and visceral adiposity in comparison to a number of other environmental factors (2).
The Diabetes Prevention Program further demonstrated that while weight loss was the main
factor for reducing the incidence of diabetes in high-risk individuals, higher physical activity
played two important roles: 1) it helped maintain achieved weight loss; and 2) among
participants who did not meet weight loss goals, reaching the target for increased activity
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resulted in an independent reduction in diabetes incidence by 44% (3). Thus, the
identification of behavioral factors related to the maintenance of adequate physical activity
in susceptible populations could result in improved strategies for metabolic risk reduction.

Today, many Americans sleep less than 6 hours per night (4) and self-reported short sleep
duration has been associated with increased incidence of obesity and diabetes (5, 6). Since
individuals with inadequate sleep commonly report excessive daytime sleepiness and
decreased physical functioning (7), it has been hypothesized that reduced physical activity is
one of the factors which mediate the association of short sleep with metabolic morbidity.
Limited by the reliability and precision of questionnaires based on subjective recall (8, 9),
cross-sectional analyses of the relationship between self-reported sleep duration and
physical activity in adults have given inconsistent results showing either positive (10–12),
negative (13), or no significant association (14–16). Moreover, in addition to the well-
established preventive role of moderate- and vigorous-intensity physical activity, recent data
suggest that the amount of daytime sedentary time and other body movement can also affect
the metabolic health of at-risk individuals (17–19). However, despite the increasing
availability of portable accelerometers which allow continuous monitoring of sleep-wake
and physical activity patterns in free-living individuals, objective measurements to
determine whether habitual short sleep is accompanied by reduced amount and intensity of
physical activity and more sedentary behavior in adults at risk for type 2 diabetes are not yet
available. This study examined the relation of habitual sleep duration with objectively-
measured daily body movement, sedentary behavior, and time spent in light, moderate, and
vigorous physical activity in adults with parental history of type 2 diabetes.

METHODS AND PROCEDURES
Men and women between the ages of 21 and 40 y with a body mass index (BMI) between 19
and 27 kg/m2, who lived in the greater Chicago area and had at least one parent with type 2
diabetes were recruited through local advertisements. Volunteers who passed a brief
telephone interview were invited for screening in our Clinical Research Center. Body weight
and height were measured upon arrival in the morning using a calibrated medical scale
(Scale-Tronix, Wheaton, IL) and stationary Harpenden stadiometer (Holtain, Crymych,
Wales) with subjects in the fasting state and dressed in light clothing without shoes.
Volunteers were excluded from participation for the following reasons: presence of any
acute or chronic medical condition; self-reported sleep problems (Pittsburgh Sleep Quality
Index score >7), scheduled night-shift work during the past 6 months, frequent travel across
time zones (crossing ≥ 2 time zones ≥ 2 times per month or anytime during the previous 4
weeks), or habitual daytime naps (>1 per week); pregnancy or childbirth during the past
year; depressed mood (Center for Epidemiologic Studies of Depression score ≥16 confirmed
by clinical interview); smoking, excessive intake of alcohol (>14 drinks/week for men; >7
for women), or use of any prescription medications or illegal drugs, or any over-the-counter
medicines or supplements that can affect sleep, physical activity and energy homeostasis;
abnormal results on physical examination and laboratory testing (complete blood counts,
comprehensive metabolic and thyroid function panels, and 12-lead ECG). The study
protocol was approved by the Institutional Review Board of the University of Chicago.
Research volunteers gave written informed consent and were paid for their participation.

Habitual sleep and physical activity monitoring
Participants were asked to complete 14 consecutive days of sleep and activity monitoring
while following their usual lifestyle at home. A small bi-axial accelerometer equipped with
an event marker (Actiwatch-64, Mini-Mitter Respironics, Bend, OR) was attached to a wrist
band on the non-dominant arm of each subject and actigraphy data were collected
continuously in 1-minute epochs to assess usual sleep duration under free-living conditions
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(20). Participants were asked to press the event-marking button each night before going to
sleep and again when they got out of bed each morning. In order to record the total count
and intensity distribution of body movement, participants were fitted with a portable multi-
axial activity monitor (Actical, Mini-Mitter Respironics, Bend, OR) attached to an elastic
waist band over the iliac crest. Subjects were instructed to keep daily sleep logs and to wear
the Actiwatch and Actical devices around the clock for the full 14-day monitoring period
except when bathing or showering. They were told that the recordings from these devices
will indicate when they slept and how regular were their activity-rest cycles. To be included
in the analysis, participants were required to have worn the Actiwatch for at least 7 nights
and the Actical for at least 6 valid days, where a valid day contained at least 23 h of
recorded data. A total of 59 subjects were enrolled in the study, 6 self-discontinued their
participation before completing the study (new job, relocating, or family medical
emergency) and 5 did not wear the devices regularly to accumulate enough valid days and
were excluded. The remaining 48 participants completed an average of 13 [SD 2] days of
home monitoring.

Polysomnography
At the end of the study protocol each participant was asked to undergo one night of
laboratory polysomnography (Neurofax-1100 EEG Acquisition System, Nihon-Kohden)
including electroencephalography, electrooculography, electromyography, airflow (oronasal
thermocouples and nasal pressure recording), thoracic and abdominal respiratory effort
(piezoelectric belts), pulse oximetry, and electrocardiography monitoring to exclude the
presence of primary sleep pathology, sleep disordered breathing (respiratory disturbance
index >10 or apnea index >2) and sleep movement disorders. Sleep recordings were
obtained in 43 subjects (90%) who kept their appointments. Sleep was scheduled between
23:00-00:30 and 7:30–9:00 based on self-reported sleep habits and time-in-bed was fixed to
8.5 h. Records were scored in 30-second epochs of wake, stage 1, 2, 3, 4, and rapid-eye-
movement sleep. Respiratory events, periodic leg movements, and arousals were scored
according to current clinical guidelines (21). Total sleep time was calculated as the sum of
all epochs scored as sleep. Sleep efficiency was calculated as the percent of time in bed that
was scored as sleep. Sleep onset latency was defined as the time between lights-off and the
first epoch of stage 1 sleep.

Data analysis and statistics
Wrist actigraphy and waist accelerometry data were downloaded after each period of home
monitoring. Nighttime sleep was scored using Actiware Sleep version 3.4 and a sensitivity
setting of 40, facilitated by individual going-to-sleep and morning wake-up time stamps or
sleep diary entries (when Actiwatch event markers were missing) (20). The habitual sleep
duration of each study participant was calculated as the average number of minutes scored
as sleep across all recorded nights. Actical data were analyzed using version 2.12 of the
software provided with the device, which translated accelerations recorded in 1-minute
epochs into categorical measures of time spent in light-, moderate-, and vigorous-intensity
physical activity based on an algorithm with estimated intensity cutoffs of <3.0 METS, ≥3
to <6.0 METS, and ≥6.0 METS (22). The output included the total number of activity
counts and the minutes of sedentary time and light-, moderate-, and vigorous-intensity
physical activity for each day when the device was worn. These results were averaged across
all recorded days to obtain individual measures of habitual physical activity (total activity
counts per 24 h) and its distribution into categories of sedentary, light-, moderate-, and
vigorous-intensity physical activity (minutes for each category per 24 h). To account for the
contribution of sleep duration to total sedentary time, we subtracted the habitual sleep time
(Actiwatch data) from the 24-hour sedentary time of each participant (Actical data) to
calculate the amount of habitual sedentary time when he or she was awake.
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The question “How many hours of actual sleep did you get at night during the past month?”
was used to measure self-reported sleep duration. The global sleep disturbance score of the
Pittsburgh Sleep Quality Index was used as a measure of subjective sleep quality (23). The
Epworth Sleepiness Scale was used to measure subjective daytime sleepiness (24).

All statistical analyses were conducted with SPSS version 18.0 (SPSS Inc., Chicago, IL).
First, we used multiple linear regression analysis to examine the association of habitual
sleep duration with the number of counts of total daily activity in the entire study sample.
Objectively-measured sleep time at home, age, BMI, gender, race/ethnicity, and years of
education (as a surrogate measure of socioeconomic status) were entered in the initial model
as independent variables followed by backward stepwise regression analysis to identify the
predictors of total daily activity as our main outcome measure.

Next, since sleeping <6 h per night has been associated with increased risk of diabetes and
obesity (5, 6), study participants were classified according to their objectively-measured
sleep times at home as either 1) short sleepers with average sleep time <6 h/day or 2)
reference sleepers with average sleep ≥6 h/day. Since 20 of the 48 study participants had
objectively-measured habitual sleep duration <6 h per night, 20 of the remaining 28
reference sleepers were selected to match as closely as possible the age, BMI, gender, race/
ethnicity, and level of education of the short sleepers in order to serve as controls in our
further analysis (Table 1). The primary outcome variable of the study (total daily activity
counts) and several secondary measures of activity intensity and sedentary behavior were
compared using analysis of variance with sleep group (short vs. reference) as a between-
subject factor. Time spent in vigorous physical activity (minutes in 24 h) was not normally
distributed (Kolmogorov-Smirnoff test P<0.05) and was square root transformed prior to
this analysis. No correction for multiple comparisons of secondary endpoints was made
given the exploratory nature of these analyses.

RESULTS
Multiple linear regression analysis to explore the predictors of free-living physical activity
as a main outcome variable among all 48 study participants (Table 2) showed a significant
positive association between habitual sleep duration and the total amount of daily body
movement (39778 more daily activity counts for each 1 h of sleep; 95% CI 4204 to 75352; P
= 0.029). In this analysis, habitual sleep duration was the single strongest predictor of total
daily body movement among the other independent variables including age, BMI, gender,
level of education (as a surrogate of socioeconomic status), and race/ethnicity (dichotomized
as Caucasian vs. Non-Caucasian; alternative analyses using binary coding variables for
African American, Asian and Hispanic race/ethnicity produced similar results – data not
shown).

The 20 short sleepers in this study obtained 1 h 20 min less sleep during an average night at
home (P<0.001) compared to a group of 20 reference sleepers matched by age, BMI, gender,
race/ethnicity, and level of education (Table 1). There was no significant difference in
morning wake-up time between the two groups, however, short sleepers stayed up over an
hour later on an average night (P=0.002; Table 1). Self-reported sleep exceeded objectively-
measured sleep duration in both groups (Table 1), but short sleepers overestimated their
usual sleep duration considerably more than the participants in the reference group (average
over-reporting: 105 ± 62 vs. 56 ± 54 min/day; P=0.011). If self-reported sleep duration was
used instead of objectively-measured sleep time by wrist actigraphy, only 3 of the subjects
in the short-sleep group (15%) would have been classified as short sleepers, whereas 19 of
the subjects in the reference group (95%) would have been correctly classified as having
habitual sleep duration ≥6 h/day (P<0.001, chi-square test). Both groups had good
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subjective sleep quality (Table 1), however, short sleepers reported significantly more
daytime sleepiness (P=0.010). When time-in-bed was fixed to 8.5 h in the laboratory, the
measured quantity and quality of sleep of the short sleepers was comparable to that of the
reference sleep group (Table 1); indeed, short sleepers tended to have a better consolidated
sleep with fewer arousals (P=0.073).

Total daily movement and its distribution among categories of sedentary, moderate, and
moderate-plus-vigorous physical activity differed significantly between the two sleep groups
(Table 3 and Figure 1). Compared to participants with habitual sleep duration ≥6 h/day,
short sleepers had 27% less total daily movement (−65530 counts/day; 95%CI: −2578 to
−128483; P=0.042), spent less time engaged in moderate-plus-vigorous physical activity
(−43 min/day; 95%CI: −11 to −75; P=0.010), and remained more sedentary (+69 min/day;
95%CI: 9 to 128; P=0.026) (Table 3 and Figure 1).

DISCUSSION
Physical activity is a complex behavior which plays an important role in diabetes prevention
and can be influenced by a number of biological, psychosocial, and environmental factors.
We tested the hypothesis that free-living urban adults with parental history of type 2
diabetes who habitually sleep short hours will have reduced daily physical activity. Indeed,
multiple linear regression analysis of the data from our entire study sample showed a
significant positive association between objectively-measured habitual sleep duration and
the total amount of daily body movement (Table 2). In addition, compared to a similar group
of participants with average sleep duration ≥6 h/d (Table 1), those who slept <6 h/d had
significantly lower amounts of total body movement, spent less time engaged in moderate-
plus-vigorous physical activity, and were more sedentary despite having more daily waking
time available to them (Figure 1 and Table 3). These findings are in agreement with the
hypothesis that sleeping short hours could be associated with reduced everyday physical
activity, which may contribute in part to the relationship of chronic sleep insufficiency with
increased incidence of obesity and diabetes (5, 6).

Based on wrist actigraphy data, nearly half of the participants at the Chicago site of the
CARDIA study had habitual sleep duration <6 h/day (4). Consistent with these observations,
40% of the consecutively enrolled young adults with parental history of type 2 diabetes in
our convenience sample had objectively-measured short sleep (Table 1). Evaluation of these
short sleepers by laboratory polysomnography revealed that they were able to sleep as much
as the subjects in the reference group during one night of inpatient monitoring and did not
suffer from any sleep disorders that could diminish the quantity and quality of their sleep
(Table 1). Instead, short sleepers had significantly higher subjective daytime sleepiness and
a tendency towards more consolidated sleep with fewer arousals during overnight
polysomnography consistent with the presence of a behavioral pattern of habitual sleep
curtailment and chronic sleep debt.

So far, large cross-sectional analyses of the relationship between habitual sleep duration and
physical activity in adults have used self-reported data which have limited reliability (8, 9)
and can lead to conflicting results showing either positive (10–12), negative (13), or no
significant association (14–16). Few studies have examined the effects of experimental sleep
deprivation on objectively-measured physical activity. Schmid et al. studied healthy young
men who were exposed to one night of experimental sleep restriction and found a decline in
movement counts with a shift from higher intensity towards lower intensity daytime
activities (25). Brondel et al. imposed overnight sleep restriction followed by structured
exposure to physical activity and laboratory meals during the first half of the day and free-
living activity in the afternoon and evening, and reported opposite results (26). Finally,
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Roehrs et al. found that overnight sleep deprivation resulted in a higher percentage of
inactivity time during the next day (27), whereas Bosy-Westphal et al. did not detect effects
of sleep restriction on daytime activity assessed by heart rate monitoring and pedometry
(28). Unfortunately, all of these experiments involved acute sleep restriction, which may
have different effects when compared to the continuous impact of chronic sleep curtailment
on human physical activity. Nevertheless, the reduction in objectively-measured activity of
free-living adults who curtail their sleep in our study (Figure 1) resembles the effects of
experimental sleep restriction described by Roehrs et al. (27) and Schmid et al. (25). While
this similarity raises the possibility that chronic sleep curtailment may result in reduced
amount and intensity of everyday physical activity, the observational nature of our data does
not allow such inference. Indeed, causality could also flow in opposite direction whereby
adoption of a sedentary lifestyle (e.g. one involving increased TV watching or use of other
information, entertainment, and social media outlets) could lead to secondary sacrifice of
sleep and physical activity (29).

Irrespective of the underlying causal mechanisms, habitual sleep curtailment in our group of
young urban adults at risk for developing type 2 diabetes was associated with 27% lower
levels of total body movement and nearly 45 min less daily moderate-plus-vigorous physical
activity (Figure 1 and Table 3). If confirmed by larger population-based studies, these
findings could have important public health implications. Higher amounts of total body
movement have been associated with improved insulin sensitivity, better glucose tolerance,
and reduced incidence of type 2 diabetes (17, 18, 29, 30). In addition, moderate and
vigorous-intensity physical activity has a well-established role in the prevention of type 2
diabetes (3, 31, 32). For example, walking for exercise at least 2.5 h vs. less than 1 h per
week in the Finnish Diabetes Prevention Study was associated with a more than 60% lower
risk of incident diabetes (31). Furthermore, current guidelines recommend at least 30
minutes of moderate-intensity physical activity at least 5 days a week or 30 minutes of
vigorous-intensity physical activity at least 3 times a week in order to reduce
cardiometabolic risk in susceptible individuals (32). Thus, future efforts to define the
mechanisms which contribute to the association of chronic sleep insufficiency with chronic
metabolic morbidity should include objective measurements of the amount and intensity
distribution of habitual physical activity.

The amount of daily sedentary time, itself, has been associated with insulin resistance,
abnormal glucose metabolism, and increased metabolic risk (19, 30). Our short sleepers had
longer waking hours at their disposal, but devoted the entire waking time gained by sleep
curtailment to various sedentary behaviors. When we examined the total amount of 24-hour
sedentary time (including the amount of daily sleep which was longer in the reference
group), short sleepers still spent more than 1 extra hour each day engaged in sedentary
behaviors (Figure 1). Data from the American Time Use Survey suggest that short sleepers
may trade sleep in exchange for commuting, work, socializing, watching television, or using
other media (33). The types of sedentary behaviors that are favored by young urban adults at
risk for type 2 diabetes who curtail their sleep remain to be explored. Additional
experimental work is also needed to determine whether chronic sleep insufficiency may
increase the propensity of individuals with pre-existing risk for obesity and type 2 diabetes
to adopt increasingly sedentary lifestyles.

Our study has several strengths and limitations. We collected proof-of-concept data from a
carefully screened sample of healthy individuals at risk for type 2 diabetes, while avoiding
the confounding effects of obesity and poor general or emotional health. The use of
laboratory polysomnography and objective monitoring of habitual sleep and free-living
physical activity also allowed us to exclude the presence of sleep pathology and avoid
assessments based on imprecise self-reports of these behaviors (see Results for an example
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of systemic bias in self-reported sleep duration). Finally, it was important to study a
population with high risk for type 2 diabetes in order to inform future behavioral and
primary prevention research focused on sleep and metabolic risk reduction. Despite its
strengths, this study included a relatively small number of participants whose free-living
behavior was monitored during a single period of time. Although our objective sleep data
were similar to those of population-based reports (4), study participants were not randomly
selected and results may not be entirely representative of the relationship between sleep and
physical activity in this high-risk group. Finally, while wrist actigraphy offers a valuable
non-invasive approach for monitoring the habitual pattern of nighttime rest in free-living
individuals, it does not provide direct measures of polygraphically documented sleep.
Nevertheless, this methodology is well-validated in normal sleepers and provides surrogate
estimates of nighttime sleep that correlate strongly with corresponding polysomnography-
based assessments (20).

In conclusion, our findings suggest that a large number of healthy young adults with
increased risk for type 2 diabetes habitually curtail their sleep. Compared to participants
with ≥6 h of daily sleep, those who slept less were more sedentary and had reduced amounts
of total body movement and time spent in moderate-and-vigorous physical activity. Larger
studies are warranted to explore the hypothesis that reduced physical activity may contribute
to the association of chronic sleep insufficiency with incident obesity and type 2 diabetes.
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Figure 1.
Mean ± SE differences in daily time allocation to sedentary, light-, moderate- and vigorous-
intensity physical activities in study participants with habitual sleep < 6 h/day (N=20)
compared to a similar group of subjects with average sleep ≥6 h/day (N=20). CI: confidence
interval; Asterisk: P<0.03.
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Table 1

Descriptive characteristics of the participants and their sleep

Participant Characteristics All Sleep ≥6 h/d Sleep < 6 h/d P

Number of participants (n) 48 20 20

Age (y) 26 ± 4 26 ± 3 28 ± 5 0.267

Body mass index (BMI, kg/m2) 23.8 ± 2.5 23.3 ± 3.0 23.9 ± 2.0 0.459

Gender distribution (female/male) 27/21 12/8 12/8 1.000

African/Asian/Hispanic race/ethnicity 13/6/4 6/3/1 7/3/3 0.523

Level of education (y) 17 ± 2 17 ± 2 17 ± 2 0.495

Depressed mood score (CES-D) 7 ± 6 5 ± 4 7 ± 7 0.364

Fasting blood glucose (mg/dL) 86 ± 7 84 ± 6 87 ± 7 0.155

Free thyroxine index 8.8 ± 1.5 8.7 ± 1.6 8.7 ± 1.5 0.960

 Self-Reported Measures of Sleep

Self-reported sleep duration (min/day) 451 ± 62 454 ± 58 425 ± 57 0.121

Epworth Sleepiness Scale score 5.9 ± 3.5 4.4 ± 2.7 7.4 ± 4.0 0.010

Pittsburgh Sleep Quality Index score 2.7 ± 1.5 2.6 ± 1.5 3.1 ± 1.7 0.260

  Home Sleep Monitoring

Length of monitoring (days) 13 ± 2 13 ± 2 13 ± 2

Sleep duration (min/day) 371 ± 54 399 ± 28 319 ± 26 <0.001

Sleep onset time (h:min) 01:07 ± 1:20 00:33 ± 1:03 01:43 ± 1:09 0.002

Wake-up time (h:min) 08:19 ± 1:18 08:09 ± 1:02 08:04 ± 1:17 0.814

 Laboratory Polysomnography

Number of participants (n) 43 18 17

Lights-off time (h:min) 00:02 ± 0:32 00:00 ± 0:42 00:01 ± 0:27 0.958

Lights-on time (h:min) 08:32 ± 0:34 08:31 ± 0:39 08:28 ± 0:34 0.799

Sleep onset latency (min) 25 ± 29 16 ± 16 19 ± 25 0.631

Latency to rapid-eye-movement sleep (min) 104 ± 51 110 ± 55 85 ± 41 0.145

Sleep efficiency (%) 88 ± 8 88 ± 7 90 ± 9 0.384

Arousal index (events/h) 14 ± 7 15 ± 8 11 ± 4 0.080

Wake after sleep onset (min) 41 ± 30 47 ± 31 34 ± 31 0.201

Stage 1 sleep (min) 31 ± 15 30 ± 12 32 ± 17 0.598

Stage 2 sleep (min) 264 ± 37 266 ± 36 266 ± 44 0.966

Slow wave sleep (stages 3+4, min) 51 ± 29 52 ± 29 51 ± 30 0.953

Rapid eye movement sleep (min) 97 ± 31 99 ± 25 104 ± 38 0.626

Total sleep time (min) 443 ± 48 446 ± 41 454 ± 58 0.644

Respiratory disturbance index (events/h) 2 ± 3 2 ± 3 3 ± 3 0.865

Data are mean ± SD. P values reflect comparisons of participants with habitual sleep duration <6 vs. ≥6 h/d using a Chi-square test for categorical
and one-way analysis of variance for continuous variables. CES-D: Center for Epidemiologic Studies Depression Scale. All participants had
normal thyroid stimulating hormone (TSH) concentrations in screening fasting blood samples. The normal reference range for the reported free
thyroxine index is 6.0 to 10.5.
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Table 2

Association between habitual sleep duration and free-living physical activity

Total daily movement (activity counts)

Model 1 (all predictors entered) B 95% CI Beta P

     Age (y) −51 −8961; 8859 −0.002 0.991

     BMI (kg/m2) −2875 −17182; 11433 −0.064 0.687

     Gender (male vs. female) −31566 −100875; 37748 −0.140 0.363

     Caucasian race/ethnicity 10861 −70667; 92389 0.049 0.789

     Level of education (y) −4840 −26316; 16635 −0.070 0.651

     Habitual sleep duration (h) 38943 −6135; 84022 0.308 0.089

Model 2 (two main predictors)

     Gender (male vs. female) −36710 −100282; 26863 −0.163 0.251

     Habitual sleep duration (h) 37353 1645; 73060 0.296 0.041

Model 3 (single best predictor)

     Habitual sleep duration (h) 39778 4204; 75352 0.315 0.029

Model 1 shows results from a multiple linear regression analysis in which age, body mass index (BMI), gender, race/ethnicity (Caucasian vs. Non-
Caucasian), years of education (as a surrogate of socioeconomic status), and habitual sleep duration by wrist actigraphy were entered together as
independent variables to explore the predictors of free-living physical activity (daily count of total body movement by waist acceleromentry) as a

main outcome variable. Model 2 (P = 0.049, R = 0.354, R2 = 0.125) shows the two strongest predictors of total daily movement in our study

sample (n=48) derived using backward stepwise regression and Model 1 as an initial starting point. Model 3 (P = 0.029, R = 0.315, R2 = 0.099)
shows the single best predictor of total daily movement in our study sample (n=48) derived using backward stepwise regression and Model 1 as an
initial starting point. B: unstandardized regression coefficients; 95% CI: 95% confidence interval for B; Beta: standardized regression coefficients.
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Table 3

Amount and intensity distribution of daily physical activity

Sleep ≥ 6 h/d Sleep < 6 h/d P

Primary Outcome Measure

     Total movement (activity counts/day) 247239 ± 120864 181709 ± 68793 0.042

Secondary Endpoints

     Light-intensity physical activity

  (min/day) 234 ± 62 208 ± 45 0.140

  (% of daily wake time) 22 ± 6 19 ± 4 0.020

     Moderate-intensity physical activity

  (min/day) 155 ± 58 115 ± 35 0.012

  (% of daily wake time) 15 ± 6 10 ± 3 0.003

     Vigorous-intensity physical activity

  (min/day) 6 ± 7 3 ± 4 0.106

  (% of daily wake time) 0.5 ± 0.7 0.2 ± 0.3 0.076

     Moderate-plus-vigorous activity

  (min/day) 161 ± 61 118 ± 36 0.010

  (% of daily wake time) 15 ± 6 11 ± 3 0.002

     Sedentary time while awake

  (min while awake/day) 647 ± 113 793 ± 70 <0.001

  (% of daily wake time) 62 ± 11 71 ± 6 0.003

     Total sedentary time including sleep

  (min/day) 1045 ± 111 1114 ± 71 0.026

Data are mean ± SD. P values reflect univariate comparisons of physical activity measures between the two sleep groups (n=20 each).
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