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SOCIODEMOGRAPHICS AND WAKING ACTIVITIES AND THE TIMING AND DURATION OF SLEEP

Sociodemographic Characteristics and Waking Activities and their Role in the

Timing and Duration of Sleep
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Study Objectives: Chronic sleep restriction is prevalent in the U.S. population and associated with increased morbidity and mortality. The
primary reasons for reduced sleep are unknown. Using population data on time use, we sought to identify individual characteristics and behaviors
associated with short sleep that could be targeted for intervention programs.

Design: Analysis of the American Time Use Survey (ATUS).

Setting: Cross-sectional annual survey conducted by the U.S. Bureau of Labor Statistics.

Participants: Representative cohort (N = 124,517) of Americans 15 years and older surveyed between 2003 and 2011.

Interventions: None.

Measurements and Results: Telephone survey of activities over 24 hours. Relative to all other waking activities, paid work time was the primary
waking activity exchanged for sleep. Time spent traveling, which included commuting to/from work, and immediate pre- and post-sleep activities
(socializing, grooming, watching TV) were also reciprocally related to sleep duration. With every hour that work or educational training started later
in the morning, sleep time increased by approximately 20 minutes. Working multiple jobs was associated with the highest odds for sleeping < 6
hours on weekdays (adjusted OR 1.61, 95% Cl 1.44; 1.81). Self-employed respondents were less likely to be short sleepers compared to private
sector employees (OR 0.83, 95% CI 0.72; 0.95). Sociodemographic characteristics associated with paid work (age 25-64, male sex, high income,
and employment per se) were consistently associated with short sleep.

Conclusions: U.S. population time use survey findings suggest that interventions to increase sleep time should concentrate on delaying the
morning start time of work and educational activities (or making them more flexible), increasing sleep opportunities, and shortening morning and
evening commute times. Reducing the need for multiple jobs may increase sleep time, but economic disincentives from working fewer hours
will need to be offset. Raising awareness of the importance of sufficient sleep for health and safety may be necessary to positively influence

discretionary behaviors that reduce sleep time, including television viewing and morning grooming.
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INTRODUCTION

Sleep is a biological imperative. Undisturbed sleep of suf-
ficient duration is essential for memory consolidation and for
maintaining levels of alertness and cognitive performance re-
quired for safe and effective functioning.'? Insufficient sleep
increases the likelihood of errors and accidents; every year
at least 83,000 automobile crashes in the US involve drowsy
driving, causing 1,000 fatalities.* Epidemiologic studies—in-
creasingly prospective in nature—have consistently found that
habitual short sleep duration is associated with negative health
outcomes, including obesity, diabetes, hypertension, cardio-
metabolic risk factors and cardiovascular disease, declines in
cognitive function, and all-cause mortality.*'* Experimental
studies have demonstrated that both acute total and chronic
partial sleep deprivation in healthy adults causes inadequate
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pancreatic insulin secretion, decreased insulin sensitivity,
changes in appetite regulating hormones leptin and ghrelin, an
attenuated immune response to vaccination, and increased sym-
pathetic activity and venous endothelial dysfunction.'*'® These
effects provide biological plausibility for a causal relationship
between short sleep and negative health outcomes, as well as
all-cause mortality when considered with the well-documented
safety risks of reduced sleep."

Despite the apparent benefits of sufficient sleep for cogni-
tive performance, safety, and health, current representative
surveys indicate that 35% to 40% of the adult US population
report sleeping less than the usually recommended 7-8 hours
on weekday nights, and about 15% report sleeping less than
6 hours.” The high prevalence of habitual short sleep and its
association with morbidity and mortality warrant the identifica-
tion of populations at risk for habitual short sleep as well as the
identification of behaviors that predispose to short sleep and
that could be targeted in intervention programs.

Although some sociodemographic variables associated with
short sleep have been identified,”* less is known about specific
activities that these at-risk populations trade for sleep, and that
could be targeted to increase sleep duration. Furthermore, the
importance of the timing of sleep and waking activities in deter-
mining whether or not an individual will sleep short hours has
not received enough attention. Intervention programs and edu-
cational campaigns can only be successful if they target the right
behavior, at the right time of day, and in the right population.
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Time use surveys provide these crucial insights that cannot be
derived from experimental or epidemiological studies. In the
American Time Use Survey (ATUS) respondents report their ac-
tivities (including sleep) on a minute-by-minute basis during a
24-hour period.* For the analyses presented here we facilitated
ATUS data gathered between the years 2003 and 2011 in a repre-
sentative sample of 124,517 Americans aged 15 years and older.

Our analyses had three main objectives: (1) Determine the
strength of the association of demographic, family structure, and
socioeconomic variables as well as of variables related to geo-
graphical location and time of survey administration with short
and long sleep. To our knowledge, ATUS is the largest represen-
tative dataset to date that allows exploration of these associations.
(2) Identify waking activities predominantly exchanged for less
or more sleep, and whether this exchange is stable across demo-
graphic, family structure, and socioeconomic strata. Although
waking activities predominantly exchanged for sleep have been
previously identified in a much smaller sample by our group,”
to our knowledge, this is the first time that comprehensive strati-
fied analyses are presented. (3) Investigate the role of the timing
of selected waking activities in short and long sleep. Activities
predominantly exchanged for sleep (work, travel, socializing
and communicating, grooming) and watching TV were chosen
for this analysis. To our knowledge, this is the first comprehen-
sive study addressing the timing of waking activities and sleep
duration which will be critical information when attempting to
modify sleep duration in intervention programs.

METHODS

ATUS Survey

ATUS is a federally administered, continuous survey on time
use in the United States sponsored by the Bureau of Labor Sta-
tistics (BLS) and conducted by the U.S. Census Bureau. ATUS
covers all residents living in U.S. households who are at least
15 years of age, with the exception of active military personnel
and people residing in institutions such as nursing homes and
prisons. The major purpose of ATUS is to develop nationally
representative estimates of how people spend their time. It in-
volves a 15- to 20-min computer-assisted telephone interview
in which people are asked about how they spent their time be-
tween 04:00 on the previous day and 04:00 on the interview day
(e.g., when interviewed on Monday and asked about Sunday,
responses cover the period from Sunday morning 04:00 until
Monday morning 04:00), as well as where they were, and
whom they were with during this time. Section 9 of Title 13,
United States Code, ensures that all respondent and house-
hold information obtained via ATUS remains confidential. The
ATUS advance letter also advises designated persons that this is
a voluntary survey. The U.S. Office of Management and Budget
(OMB) approved the survey.

ATUS participants are randomly selected from a subset of
the households that complete their eighth and final month in-
terviews for the Current Population Survey (CPS). ATUS in-
volves a stratified, 3-stage sample. In the first stage of selection,
the CPS over-sample in less-populous states is reduced. In the
second stage, households are stratified based on the following
characteristics: race/ethnicity of the householder, presence and
age of children, and number of adults in adults-only households.
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In the third stage, an eligible person from each household se-
lected in the second stage is randomly selected to be the desig-
nated person for the ATUS interview. To ensure good measures
of time spent on weekdays and weekend days, the sample is
split evenly between weekdays and weekend days (10% of the
sample is allocated to each weekday, and 25% to each weekend
day). Most of the sociodemographic and family structure in-
formation is updated during the ATUS interview and otherwise
available from the CPS. The 2003 sample size of N = 20,720
was reduced to an average sample size of N = 12,975 (range
N = 12,248 to N = 13,973) in subsequent years due to budget
constraints. ATUS response rates averaged 55.8% across survey
years (range 52.5% to 57.8%). A survey conducted by the Bu-
reau of Labor Statistics (BLS) and the Census Bureau in early
2004 analyzing responses and reviewing operations data indi-
cated that the primary reason for refusal is survey fatigue: the
designated persons are tired of participating in the CPS survey
and do not want to respond to another survey. To account for
missing data, the BLS uses several imputation strategies (rela-
tional imputation, longitudinal assignment, hot-deck allocation).
Most ATUS variables had an item non-response of well under
2%, with the exception of information on earnings (see Table 2).
Details on ATUS survey history, survey design, data collection
procedures, coding, imputation, and weighting can be found in
the ATUS User’s Guide.*

The analyses presented in this manuscript are based on
124,517 respondents from survey years 2003-2011. We
used the combined 2003-2011 dataset provided online at
http://www.bls.gov/tus by the BLS for analysis purposes. These
data are coded based on the 2003-2011 ATUS Coding Lexicon
(http://www.bls.gov/tus/lexiconnoex03 11.pdf). Responses are
coded using a 3-tiered activity classification system, with 17
major, or first-tier, categories, each having 2 additional levels
(tiers) of detail. By combining activities at first-, second-, or
third-tier level, we generated 40 distinct activities that captured
99.1% of the 24-h day (Table 1).

Data Analysis

For all analyses presented in this manuscript, ATUS weights
and replicate weights were used in SAS (version 9.3, SAS Insti-
tute, Carey, NC) to calculate representative estimates. Weights
are provided by the BLS to account for the complex survey de-
sign and for calculating estimates that correct for oversampling
and differing response rates for certain demographic groups and
days of the week. For all analyses presented in this manuscript,
these weights (variable TUFNWGTP) were used in the proce-
dures SURVEYFREQ, SURVEYMEANS, SURVEYREG, or
SURVEYLOGISTIC (SAS 9.3, SAS Institute, Carey, NC) to
calculate estimates representative for the U.S. population > 15
years. Facilitating the 160 replicate weights provided by the
BLS, SAS’s balanced repeated replication method was used for
variance estimations. Standard error estimates were multiplied
by 2 to reflect the specific calculation of ATUS weights (the
ATUS variance formula includes a factor of 4).

ATUS sleep time estimates are not directly comparable with
those derived in epidemiologic studies where respondents are
usually asked how much sleep they get on an average weekday/
workday or weekend night.” In ATUS, the following examples
are provided in the coding lexicon for the sleep category (coded
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# Activity Label
1 Sleeping
2 Sleeplessness
3 Grooming
4 Health-related Self Care
5 Personal Activities
6 Housework
7 Food & Drink Preparation, Presentation, & Clean-up
8 Interior Maintenance, Repair & Decoration
9 Lawn, Garden, and Houseplants
10 Animals and Pets
1" Household Management
12 Caring for & Helping Household Children
13 Caring for Household Adults
14 Caring for & Helping Non-Household Children
15 Caring for Non-Household Adults
16 Working
17 Job Search and Interviewing
18 Taking Class
19 Research/Homework
20 Consumer Purchases
21 Professional & Personal Care Services
22 Household Services
23 Government Services & Civic Obligations
24 Eating and Drinking
25 Socializing and Communicating
26 Relaxing, Thinking
27 Tobacco and Drug Use
28 Television and Movies
29 Listening to the Radio
30 Playing Games
31 Computer Use for Leisure (excluding Games)
32 Arts and Crafts as a Hobby
33 Reading for Personal Interest
34 Arts and Entertainment (other than Sports)
35 Participating in Sports, Exercise, and Recreation
36 Attending Sports/Recreational Events
37 Religious and Spiritual Activities
38 Volunteer Activities
39 Telephone Calls
40 Travel

Table 1—Activity labels and ATUS tiers for 40 activity categories. Average time (in minutes) spent in each activity is provided for each tier in parenthesis.

ATUS Tiers
010101 (513.9), 010199 (0.0)
010102 (3.4)
0102 (40.3)
0103 (5.0)
0104 (0.6), 0105 (0.0), 0199 (0.0)
0201 (36.0)
0202 (31.9)
0203 (4.8), 0204 (3.6), 0207 (2.6), 0208 (1.1)
0205 (11.9)
0206 (5.3)
0209 (12.1)
0301 (22.1), 0302 (2.2), 0303 (0.7)
0304 (1.4), 0305 (0.8)
0401 (4.4), 0402 (0.1), 0403 (0.1)
0404 (0.9), 0405 (4.0)
0501 (198.5), 0502 (0.4), 0503 (1.8), 0599 (0.0)
0504 (1.8)
0601 (16.5), 0602 (0.3)
0603 (8.8)
07 (23.4)
08 (5.1)
09(0.9)
10 (0.4)
11 (66.8)
1201 (38.6), 1202 (5.1)
120301 (17.7)
120302 (0.5)

120303 (160.4), 120304 (0.2)
120305 (1.4), 120306 (2.1)
120307 (11.6)

120308 (9.6)

120309 (1.6), 120310 (0.1), 120311 (0.3)
120312 (20.8), 120313 (0.2)
1204 (5.4)

1301 (17.9)

1302 (1.9)

14 (8.4)

15 (8.7)

16 (6.8)

18 (73.8)

as tier 010101): sleeping, falling asleep, dozing off, napping,
getting up, waking up, dreaming, catnapping, getting some shut
eye, dozing. Some of these examples describe rest or transi-
tions in or out of sleep rather than sleep itself. Also, the ATUS
sleep category covers 24-h sleep, not nighttime sleep or, in case
of subjects working the night shift, the dominant sleep period.
Thus, ATUS sleep time estimates are not directly comparable
with (and likely overestimate) sleep time estimates from epide-
miologic studies, which themselves have been shown to over-
estimate physiological sleep.”*?” A comparison of ATUS sleep
time estimates with self-reported sleep time data for weekdays/
workdays from the 2005-2008 National Health and Nutrition
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Examination Survey (NHANES)* indicates that ATUS sleep
time overestimates self-reported sleep time by approximately
1 h on average. Importantly, a category “sleeplessness” (see cat-
egory 2 in Table 1) does exist, and thus trying but not being able
to fall asleep is not counted as sleep.

For the logistic regression models, short (< 6 h), normal
(> 6 h and < 11 h), and long sleepers (= 11 h) were defined
based on the weighted distribution of sleep times in the ATUS
sample. The 3 groups represented 10.6% (short sleep), 78.4%
(normal sleep), and 11.0% (long sleep), respectively. In agree-
ment with suggestions of Bin et al.,”® we chose this distribution-
based approach rather than using more common definitions for
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Table 2—Moderators of sleep time, short sleep duration, and long sleep duration on weekdays (N = 60,887).
Unweighted Weighted Sleep Time <6 h Sleep 211 h Sleep
Variable Prevalence N (%) Prevalence %  Hours (95% Cl) OR (95% ClI) OR (95% ClI)
Age [years]
15-24 6,859 (11.3%) 17.6% Reference Reference Reference
25-34 9,781 (16.1%) 17.0% -0.56 (-0.66;-0.46 1.38 (1.18;1.61) 0.55 (0.47;0.63)
35-44 13,054 (21.4%) 17.8% -0.67 (-0.77;-0.57 1.40 (1.22;1.62) 0.51(0.44;0.60)
45-54 11,454 (18.8%) 18.2% -0.84 (-0.95;-0.73 1.68 (1.44;1.94) 0.41(0.35;0.49)
55-64 8,860 (14.6%) 13.8% -0.80 (-0.90;-0.70 1.41(1.18;1.68) 0.38 (0.32;0.45)
65-74 5,959 (9.8%) 8.3% -0.63 (-0.76;-0.51 1.16 (0.95;1.42) 0.42 (0.34;0.51)
275 4,920 (8.1%) 7.3% -0.41 (-0.56;-0.27 1.16 (0.93;1.44) 0.59 (0.47;0.73)
Sex
Female 34,320 (56.4%) 51.6% Reference Reference Reference
Male 26,567 (43.6%) 48.4% -0.04 (-0.08;0.00) 1.27 (1.20;1.35) 1.19 (1.11;1.29)
Race/Ethnicity
White 42,682 (70.1%) 69.9% Reference Reference Reference
Black 7,744 (12.7%) 11.5% 0.21(0.13;0.29) 1.44 (1.32;1.58) 1.87 (1.71;2.05)
Hispanic 7,608 (12.5%) 13.6% 0.16 (0.09;0.23) 0.90 (0.81;1.01) 1.21 (1.09;1.34)
Asian 1,738 (2.9%) 3.1% 0.23 (0.11;0.35) 0.96 (0.78;1.19) 1.56 (1.25;1.94)
Other 1,115 (1.8%) 1.9% -0.11 (-0.30;0.08) 1.53 (1.22;1.91) 1.11(0.88;1.40)
Education
Less than high school 10,015 (16.4%) 18.6% 0.40 (0.32;0.47) 0.80 (0.71;0.90) 1.42 (1.29;1.56)
High school graduate 27,244 (44.7%) 47.2% Reference Reference Reference
College graduate 16,984 (27.9%) 25.1% -0.11 (-0.16;-0.06)  0.98 (0.91;1.06) 0.72 (0.65;0.79)
Master’s degree or higher 6,644 (10.9%) 9.2% -0.09 (-0.16;-0.03)  0.83 (0.75;0.92) 0.55 (0.46;0.66)
Marital Status
Married 31,475 (51.7%) 54.1% Reference Reference Reference
Divorced/Separated 9,578 (15.7%) 10.9% 0.00 (-0.11;0.10) 1.15 (1.00;1.31) 1.14 (0.96;1.36)
Widowed 5,303 (8.7%) 5.8% -0.14 (-0.27;0.00) 1.23 (1.04;1.46) 0.96 (0.78;1.18)
Never married 14,531 (23.9%) 29.3% 0.10 (-0.01;0.20) 1.03 (0.90;1.18) 1.26 (1.06;1.49)
Presence of spouse or unmarried partner
Spouse or unmarried partner present 32,974 (54.2%) 57.9% Reference Reference Reference
No spouse or unmarried partner present 27,913 (45.8%) 42.1% 0.09 (-0.02;0.19) 1.09 (0.96;1.25) 1.35 (1.15;1.58)
Presence of Household Children
No children 32,261 (53.0%) 58.3% Reference Reference Reference
1 child 11,762 (19.3%) 17.2% -0.04 (-0.10;0.02) 1.04 (0.96;1.13) 0.95 (0.86;1.06)
2 children 10,855 (17.8%) 15.1% -0.11(-0.18;-0.05)  1.02 (0.94;1.10) 0.79 (0.69;0.90)
3 or more children 6,009 (9.9%) 9.4% -0.28 (-0.35;-0.20)  1.21(1.09;1.35) 0.65 (0.55;0.76)
Family Income
< $25,000 13,508 (22.2%) 19.7% Reference Reference Reference
$25,000 < $50,000 14,809 (24.3%) 24.0% -0.20 (-0.27;-0.13)  1.05(0.96;1.15) 0.82(0.74;0.91)
$50,000 < $75,000 10,473 (17.2%) 17.7% -0.28 (-0.35-0.20)  1.06 (0.95;1.19) 0.69 (0.61;0.78)
$75,000 < $100,000 7,707 (12.7%) 12.7% -0.28 (-0.36;-0.19)  1.07 (0.94;1.21) 0.71(0.61;0.82)
$100,000 < $150,000 4,539 (7.5%) 8.6% -0.38 (-0.48;-0.29)  1.14(0.99;1.31) 0.53 (0.43;0.66)
>$150,000 2,902 (4.8%) 5.5% -0.38 (-0.49;-0.28)  1.16 (0.99;1.35) 0.49 (0.38;0.63)
No family income information available 6,949 (11.4%) 11.9% -0.26 (-0.34;-0.17)  1.16(1.02;1.31) 0.81(0.72;0.91)
The estimates are based on fully adjusted models (i.e., all variables were entered simultaneously into the models).
Table 2 continues on the following page

long sleep. Had we defined long sleep as > 9 h, 34.6% of the
population would have been represented in this group, which
does not qualify as “not normal.”

We ran linear and logistic regression models to calculate
average sleep time and odds ratios for being a short or long
sleeper for sociodemographic variables (age, sex, race/ethnicity,
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educational attainment, marital status, presence of spouse and
household children, family income, employment status, and
multiple job status) and variables related to survey region
and time (census region, day of the week, season, and survey
year). To account for nonlinear relationships, all variables were
entered categorically into the model. The category with the
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Table 2 (continued)—Moderators of sleep time, short sleep duration, and long sleep duration on weekdays (N = 60,887).
Unweighted Weighted Sleep Time <6 h Sleep 211 h Sleep
Variable Prevalence N (%) Prevalence %  Hours (95% Cl) OR (95% ClI) OR (95% ClI)
Employment
Private Sector employee 25,042 (41.1%) 41.9% Reference Reference Reference
Government employee 5,727 (9.4%) 8.5% 0.00 (-0.06;0.07) 0.96 (0.87;1.06) 1.02 (0.86;1.21)
Self employed 4, 123 (6.8%) 6.6% 0.23 (0.15;0.32) 0.83 (0.72;0.95) 1.21 (1.00;1.45)
Employed without pay 33 (0.1%) 0.1% 0.57 (-0.32;1.46) 0.89 (0.22;3.54) 1.61(0.32;8.01)
Employed but absent from work 1,352 (2.2%) 2.1% 0.98 (0.84;1.12) 0.56 (0.44;0.71) 3.54 (2.84;4.41)
Full time high school student 2,613 (4.3%) 5.5% -0.28 (-0.44;-0.12)  0.90 (0.71;1.14) 0.85 (0.69;1.05)
Full time college or university student 2,095 (3.4%) 4.9% -0.04 (-0.18;0.10) 1.15(0.96;1.38) 1.26 (1.03;1.54)
Unemployed 2,306 (3.8%) 4.2% 0.89 (0.78;1.01) 0.63 (0.53;0.75) 2.59 (2.23;3.01)
Retired 9,912 (16.3%) 14.5% 0.75(0.67;0.83) 0.58 (0.50;0.67) 2.58 (2.23;2.99)
Not in labor force 7,684 (12.6%) 11.8% 1.05(0.97;1.13) 0.64 (0.57;0.71) 3.97 (3.54;4.45)
Multiple Job Status
Not working on multiple jobs 57,159 (93.9%) 93.8% Reference Reference Reference
Working on multiple jobs 3,728 (6.1%) 6.2% -0.40 (-0.50;-0.31)  1.61(1.44;1.81) 0.68 (0.54;0.85)
Census Region
South 21,764 (35.7%) 35.6% Reference Reference Reference
West 13,091 (21.5%) 22.0% 0.10 (0.04;0.15) 0.83(0.78;0.89) 0.98 (0.89;1.08)
Midwest 15,050 (24.7%) 24.2% -0.02 (-0.07;0.04) 0.94 (0.87;1.02) 0.89 (0.81;0.97)
Northeast 10,982 (18.0%) 18.2% -0.02 (-0.08;0.04) 1.00 (0.92;1.09) 0.93 (0.84;1.03)
Day of the week
Monday 12,040 (19.8%) 19.3% Reference Reference Reference
Tuesday 12,459 (20.5%) 20.4% -0.06 (-0.12;0.01) 1.02 (0.92;1.14) 0.96 (0.85;1.08)
Wednesday 12,408 (20.4%) 20.3% -0.07 (-0.13;0.00) 1.00 (0.90;1.11) 0.89 (0.80;1.00)
Thursday 11,955 (19.6%) 20.1% -0.12 (-0.18;-0.05)  1.08 (0.97;1.21) 0.79 (0.70;0.89)
Friday 12,025 (19.7%) 20.0% -0.31(-0.38;-0.24)  1.66 (1.51;1.83) 0.86 (0.76;0.96)
Season
Winter 16,452 (27.0%) 24.8% Reference Reference Reference
Spring 14,889 (24.5%) 24.9% -0.08 (-0.13;-0.03)  1.04 (0.95;1.13) 0.93 (0.84;1.03)
Summer 14,725 (24.2%) 25.0% -0.04 (-0.10;0.01) 1.10 (1.02;1.20) 1.02 (0.92;1.14)
Fall 14,821 (24.3%) 25.4% -0.03 (-0.09;0.03) 1.07 (0.98;1.17) 0.99 (0.89;1.10)
Survey Year
2003 10,053 (16.5%) 10.7% Reference Reference Reference
2004 6,806 (11.2%) 10.8% -0.02 (-0.09;0.06) 1.07 (0.96;1.19) 0.94 (0.82;1.08)
2005 6,466 (10.6%) 10.9% 0.07 (0.00;0.14) 0.96 (0.84;1.09) 0.97 (0.86;1.10)
2006 6,367 (10.5%) 11.0% 0.04 (-0.03;0.12) 1.06 (0.94;1.19) 1.01(0.88;1.16)
2007 5,979 (9.8%) 1.1% 0.02 (-0.05;0.10) 1.02 (0.91;1.14) 0.95 (0.83;1.08)
2008 6,068 (10.0%) 11.2% 0.03 (-0.04;0.10) 1.03(0.93;1.15) 1.03 (0.89;1.19)
2009 6,428 (10.6%) 11.3% 0.10 (0.03;0.18) 0.94 (0.84;1.05) 1.03(0.89;1.19)
2010 6,492 (10.7%) 11.5% 0.09 (0.02;0.16) 1.01(0.91;1.11) 1.03 (0.91;1.18)
2011 6,228 (10.2%) 11.5% 0.16 (0.08;0.24) 0.89 (0.78;1.01) 1.07 (0.93;1.23)
The estimates are based on fully adjusted models (i.e., all variables were entered simultaneously into the models).

highest weighted prevalence was chosen as the reference cat-
egory. If weighted prevalences were similar across categories,
the category representing the lowest value was chosen as refer-
ence (e.g., age 15-24 years). Fully adjusted model (Tables 2
and 3) and unadjusted model (Table S1, supplemental material)
results are provided.

We were also interested in whether associations with short
and long sleep in one sociodemographic category (e.g., age
15-24 years) were consistent across other sociodemographic
categories (e.g., 15- to 24-year-old males, 15- to 24-year-old
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females, 15- to 24-year-old whites, 15- to 24-year-old blacks).
For each combination of sociodemographic categories that con-
tained > 200 respondents in the overall survey, logistic regres-
sion models, adjusted for census region, day of the week, season,
and survey year, were run with short or long sleep as outcome
variables and an indicator variable set to 0 or 1 (1 = respon-
dents who fall into both sociodemographic categories, 0 = for
all others). The results are presented in Figure 2 for short sleep
on weekdays and Figures S3-S5 (supplemental material) for
short sleep on weekends/holidays and long sleep.
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Table 3—Moderators of sleep time, short sleep duration, and long sleep duration on weekends and holidays (N = 63,630).
Unweighted Weighted Sleep Time <6 h Sleep 211 h Sleep
Variable Prevalence N (%) Prevalence %  Hours (95% Cl) OR (95% ClI) OR (95% ClI)

Age [years]

15-24 7,274 (11.4%) 17.6% Reference Reference Reference

25-34 10,781 (16.9%) 16.9% -0.27 (-0.40;-0.14)  1.17(0.97;1.40) 0.90 (0.80;1.01)

35-44 13,592 (21.4%) 17.8% -0.46 (-0.58;-0.35)  1.22(1.01;1.47) 0.66 (0.59;0.75)

45-54 11,993 (18.8%) 18.4% -0.67 (-0.81;-0.54)  1.32(1.08;1.62) 0.56 (0.49;0.63)

55-64 8,967 (14.1%) 13.7% -0.82(-0.96;-0.68)  1.32(1.06;1.65) 0.45 (0.40;0.52)

65-74 5,949 (9.3%) 8.3% -0.77 (-0.93;-0.61)  1.13(0.87;1.46) 0.47 (0.40;0.56)

275 5,074 (8.0%) 7.3% -0.57 (-0.76;-0.39)  1.00 (0.75;1.34) 0.55 (0.46;0.67)
Sex

Female 36,050 (56.7%) 51.5% Reference Reference Reference

Male 27,580 (43.3%) 48.5% -0.02 (-0.07;0.02) 1.19(1.10;1.28) 1.07 (1.02;1.13)
Race/Ethnicity

White 43,992 (69.1%) 69.7% Reference Reference Reference

Black 8,100 (12.7%) 11.6% 0.19(0.10;0.28) 1.57 (1.41;1.76) 1.43(1.33;1.53)

Hispanic 8,490 (13.3%) 13.4% 0.28 (0.21;0.35) 0.92 (0.82;1.04) 1.40 (1.30;1.50)

Asian 1,860 (2.9%) 3.3% 0.28 (0.14;0.42) 1.01(0.79;1.27) 1.59 (1.38;1.83)

Other 1,188 (1.9%) 2.0% 0.07 (-0.10;0.23) 1.17 (0.90;1.52) 1.21(1.02;1.44)
Education

Less than high school 10,855 (17.1%) 18.9% 0.33(0.26;0.41) 0.93 (0.82;1.05) 1.44 (1.34;1.54)

High school graduate 28,391 (44.6%) 47.2% Reference Reference Reference

College graduate 17,536 (27.6%) 24.6% -0.08 (-0.13;-0.03)  0.90 (0.81;0.99) 0.84 (0.79;0.90)

Master’s degree or higher 6,848 (10.8%) 9.2% -0.15(-0.22;-0.08)  0.67 (0.58;0.77) 0.64 (0.57;0.72)
Marital Status

Married 32,726 (51.4%) 54.1% Reference Reference Reference

Divorced/Separated 10,145 (15.9%) 11.3% 0.03 (-0.08;0.14) 1.09 (0.93;1.28) 1.17 (1.03;1.32)

Widowed 5,492 (8.6%) 5.6% 0.01 (-0.14;0.15) 1.07 (0.87;1.33) 1.15(0.98;1.33)

Never married 15,267 (24.0%) 29.0% 0.07 (-0.05;0.19) 1.04 (0.87;1.25) 1.16 (1.02;1.31)
Presence of spouse or unmarried partner

Spouse or unmarried partner present 34,231 (53.8%) 57.5% Reference Reference Reference

No spouse or unmarried partner present 29,399 (46.2%) 42.5% 0.08 (-0.03;0.19) 1.11(0.94;1.31) 1.17 (1.04;1.31)
Presence of Household Children

No child 33,157 (52.1%) 58.2% Reference Reference Reference

1 child 12,418 (19.5%) 17.1% 0.00 (-0.07;0.07) 0.93 (0.84;1.03) 0.99 (0.92;1.06)

2 children 11,631 (18.3%) 15.3% -0.16 (-0.24;-0.09)  1.04 (0.92;1.17) 0.85(0.78;0.92)

3 or more children 6,424 (10.1%) 9.4% -0.26 (-0.34;-0.17)  0.96 (0.85;1.08) 0.73(0.66;0.81)
Family Income

< $25,000 14,314 (22.5%) 19.6% Reference Reference Reference

$25,000 < $50,000 15,745 (24.7%) 24.5% -0.09 (-0.16;-0.03)  0.95(0.85;1.05) 0.88 (0.83;0.94)

$50,000 < $75,000 10,605 (16.7%) 17.5% -0.11 (-0.19;-0.03)  0.86 (0.75;0.99) 0.82 (0.75;0.89)

$75,000 < $100,000 8,124 (12.8%) 12.6% -0.17 (-0.24;-0.09)  0.87(0.76;1.01) 0.77 (0.71;0.84)

$100,000 < $150,000 4,754 (7.5%) 8.6% -0.15(-0.25;-0.05)  0.83 (0.69;0.99) 0.73 (0.64;0.83)

>$150,000 3,218 (5.1%) 6.0% -0.24 (-0.37;-0.12)  0.98 (0.78;1.24) 0.74 (0.64;0.86)

No family income information available 6,870 (10.8%) 1.2% -0.10(-0.19;-0.02)  0.95(0.82;1.09) 0.90 (0.82;0.98)

The estimates are based on fully adjusted models (i.e., all variables were entered simultaneously into the models).
Table 3 continues on the following page

To investigate the role of the timing of sleep and waking ac-
tivities in short and long sleep, the 24-h day was divided into
48 thirty-min periods (00:00-00:29, 00:30-00:59, etc.). For
each of the sociodemographic and survey region/time catego-
ries and for each of the 48 thirty-min periods, separate linear
regression models were run with an indicator variable set to 1
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if a respondent belonged to a specific stratum (e.g., age 15-24
years) and set to 0 otherwise (e.g., age > 25 years). This way,
respondents belonging to one stratum of a given characteristic
(e.g., age, sex, race/ethnicity) were contrasted to the remaining
respondents in all other strata of the characteristic. The differ-
ence in time spent sleeping within a given 30-min period was
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Table 3 (continued)—Moderators of sleep time, short sleep duration, and long sleep duration on weekends and holidays (N = 63,630).
Unweighted Weighted Sleep Time <6 h Sleep 211 h Sleep
Variable Prevalence N (%) Prevalence %  Hours (95% Cl) OR (95% ClI) OR (95% ClI)
Employment
Private Sector employee 26,188 (41.2%) 41.6% Reference Reference Reference
Government employee 6,000 (9.4%) 8.5% 0.07 (-0.02;0.15) 1.08 (0.95;1.23) 1.07 (0.98;1.18)
Self employed 4 027 (6.3%) 6.1% -0.12(-0.22;-0.02)  1.06 (0.90;1.24) 0.87(0.77;0.98)
Employed without pay 26 (0.0%) 0.0% 0.49 (-0.55;1.52) 0.00 (0.00;0.12) 2.20(0.74;6.49)
Employed but absent from work 1,801 (2.8%) 2.7% 0.19 (0.06;0.32) 1.02 (0.84;1.24) 1.22 (1.04;1.43)
Full time high school student 2,718 (4.3%) 5.2% 0.45(0.29;0.61) 0.64 (0.49;0.83) 1.29 (1.14;1.47)
Full time college or university student 2,164 (3.4%) 4.9% -0.09 (-0.25;0.07) 1.04 (0.82;1.33) 1.03 (0.89;1.19)
Unemployed 2,417 (3.8%) 4.3% 0.18 (0.03;0.33) 0.86 (0.68;1.08) 1.12 (0.99;1.27)
Retired 10,039 (15.8%) 14.4% -0.04 (-0.14;0.05) 0.91(0.78;1.07) 0.85(0.75;0.97)
Not in labor force 8,250 (13.0%) 12.3% 0.38 (0.30;0.46) 0.87 (0.76;1.00) 1.44 (1.33;1.55)
Multiple Job Status
Not working on multiple jobs 59,656 (93.8%) 93.7% Reference Reference Reference
Working on multiple jobs 3,974 (6.2%) 6.3% -0.53 (-0.64;-0.42)  1.72(1.50;1.99) 0.71(0.62;0.81)
Census Region
South 22,559 (35.5%) 35.0% Reference Reference Reference
West 13,700 (21.5%) 22.0% 0.01(-0.04;0.07) 0.90 (0.81;1.00) 0.97 (0.90;1.04)
Midwest 15,857 (24.9%) 24.6% -0.02 (-0.08;0.05) 1.01(0.92;1.11) 0.94 (0.88;1.01)
Northeast 11,514 (18.1%) 18.4% -0.06 (-0.12;0.01) 1.02 (0.93;1.13) 0.93 (0.86;1.00)
Day of the week
Saturday 30,623 (48.1%) 47.7% Reference Reference Reference
Sunday 30,886 (48.5%) 46.7% 0.61(0.40;0.63) 0.54 (0.50;0.58) 1.62 (1.54;1.70)
Holiday 2,121 (3.3%) 5.7% 0.52 (0.56;0.65) 0.65 (0.52;0.80) 1.60 (1.40;1.83)
Season
Winter 17,065 (26.8%) 24.2% Reference Reference Reference
Spring 15,482 (24.3%) 24.9% -0.15(-0.22;-0.08)  1.19(1.07;1.33) 0.91(0.85;0.97)
Summer 15,826 (24.9%) 25.8% -0.21(-0.27-0.15)  1.25(1.12;1.40) 0.85(0.80;0.91)
Fall 15,257 (24.0%) 25.1% -0.08 (-0.14;-0.02)  1.15(1.03;1.28) 0.95 (0.89;1.02)
Survey Year
2003 10,667 (16.8%) 10.6% Reference Reference Reference
2004 7,167 (11.3%) 10.7% -0.04 (-0.13;0.05) 1.10 (0.96;1.27) 1.01(0.93;1.11)
2005 6,572 (10.3%) 10.8% -0.02 (-0.11;0.08) 1.05(0.91;1.22) 1.09 (0.99;1.21)
2006 6,576 (10.3%) 1.1% 0.03 (-0.07;0.12) 1.03 (0.88;1.20) 1.05 (0.95;1.16)
2007 6,269 (9.9%) 1.2% -0.06 (-0.15;0.03) 1.05 (0.91;1.20) 1.02 (0.92;1.12)
2008 6,655 (10.5%) 11.3% 0.02 (-0.07;0.11) 1.14 (1.00;1.31) 1.09 (0.99;1.20)
2009 6,705 (10.5%) 11.4% 0.03 (-0.05;0.11) 1.06 (0.92;1.22) 1.05 (0.95;1.15)
2010 6,768 (10.6%) 11.3% 0.04 (-0.04;0.12) 0.99 (0.84;1.18) 1.17 (1.06;1.28)
2011 6,251 (9.8%) 11.5% 0.05 (-0.05;0.14) 1.01(0.87;1.18) 1.09 (0.98;1.21)
The estimates are based on fully adjusted models (i.e., all variables were entered simultaneously into the models).

color-coded, and the results are presented in Figure 1 for week-
days and Figure S1 (supplemental material) for weekends/holi-
days. Furthermore, for each of the 48 periods, separate linear
regression models were run with time spent sleeping and in 5
waking activities often exchanged for sleep (work, travel, so-
cializing, grooming, and watching TV) as the outcome variables
and short and long sleep as the only predictor variables. The
results are shown in Figure 3.

To identify waking activities predominantly exchanged
for more or less sleep in short and long sleepers compared to
normal sleepers, linear regression models, adjusting for age,
gender, and race/ethnicity, with indicator variables for short
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and long sleep were run for each of the waking activities de-
fined in Table 1. The waking activities were then sorted in de-
scending order by excess activity time in short sleepers. The
results are presented in Figure 4 for weekdays and Figure S6
(supplemental material) for weekends/holidays. A stratified
analysis was performed to investigate whether these findings
generalize to individual sociodemographic and survey region/
time strata (e.g., for respondents 15 to 24 years old). For each
stratum (e.g., 15-24 year old) and each of the 39 waking activi-
ties defined in Table 1, a separate linear regression model with
indicator variables for short and long sleep as the only predic-
tors was run. These results are presented in Figure 5 for short
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Figure 1—Sleep lost or gained by time of day on weekdays for several sociodemographic categories (N = 60,887). Each cell represents a 30-min time
window and the amount of sleep lost or gained compared to all other respondents within a given category. The color indicates the amount of sleep lost (red)
or gained (green). For example, 15- to 24-year-old respondents slept 3.3 min less than = 25-year-old respondents in the 0:00-0:29 time window on weekdays.
The numbers in the column labeled “Min” show how many minutes of sleep are lost or gained per 24 h compared to all other respondents within a given
category. All analyses are based on unadjusted linear regression models (i.e., separate models were run for each category).
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Figure 2—LogOdds for being a short sleeper (< 6 h) on weekdays are given for combinations of sociodemographic categories. Each cell represents a
combination of 2 categories (e.g., being 15-24 years old and white). These two categories are then contrasted to all other respondents not belonging two
both categories (e.g., all non-whites = 25 years). The colors code for the logOdds of being a short sleeper: logOdds < 0 (green colors) reflect a lower odds for
short sleep and logOdds > 0 (red colors) reflect a higher odds for short sleep for respondents belonging to both categories compared to those who do not. Al
models have been adjusted for census region, day of the week, season, and survey year. Models were not run for category combinations that contained < 200

-1.35

respondents in the overall survey (white cells).

0 1.35
logOdds SHORT SLEEP WEEKDAYS

sleep on weekdays and Figures S7-S9 (supplemental material)

for short sleep on weekends/holidays and long sleep.

To investigate the effect of work and school start times on
sleep duration, we identified work and school start times be-
tween 04:00 and 10:00 in those who reported working and
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between 04:00 and 11:00 in those who reported taking class.
If a respondent reported both activities, the activity with the
earlier start time was identified and the subject was only in-
cluded in the analysis for this activity. Two separate linear re-
gressions were performed to estimate sleep time based on 5
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Figure 3—Minutes spent sleeping, working, traveling, socializing and communicating, grooming, and watching TV are compared between short, normal, and
long sleepers for 48 thirty-minute periods on both weekdays and weekends/holidays (unadjusted models).

work start time categories (< 06:00, N = 6,294; 06:00-07:00,
N = 7,401; 07:00-08:00, N = 10,743, reference; 08:00-09:00,
N = 7,504, 09:00-10:00, N = 3,315) and on 5 school start
time categories (< 07:00, N = 298; 07:00-08:00, N = 1,557,
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reference; 08:00-09:00, N = 807; 09:00-10:00, N =512, 10:00-
11:00, N =204). The findings are presented in Figure 6. These
analyses were repeated stratifying by 3 age categories (work
start time) or by full-time high school student and full-time
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Figure 4—Average time (+ 95% confidence interval) that short sleepers (< 6 h) and long sleepers (= 11 h) spent more or less in waking activities relative to
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university student (school start time, Figure S10, supplemental
material). Finally, for each survey year, we calculated unad-
justed averages for the unemployment rate (Figure S2, supple-
mental material), the time spent sleeping per 24 h and the time
spent working per 24 h, and performed a Pearson correlation
between the sleep and work time in all respondents as well
as in only employed respondents (Figure S11, supplemental
material).

RESULTS

Duration and Timing of Sleep

Results regarding the duration and timing of sleep can be
found in Tables 2 and 3 (fully adjusted models for weekdays
and weekends/holidays) and Table S1 (unadjusted models), as
well as in Figures 1, 2, S1, and S3-S5.
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Age

In general, 15-24 year old respondents obtained the most
sleep per 24 h compared to older subjects (42.5 additional min
on weekdays and 56.0 additional min on weekends/holidays).
Although 15-24 year old respondents went to bed considerably
later than older subjects (individuals > 24 years), they slept sig-
nificantly more from 06:00 to 12:00 (Figures 1 and S1). The
15-24 age bracket is a period associated with relevant changes
both biologically (e.g., sleep drive, continued maturation of
the prefrontal cortex®) and socially (e.g., first employment).
Figure S12 (supplemental material) shows a massive change in
the prevalence of being a student or being employed across this
10-year period. The prevalence of employment exceeded that
of being a full-time student from age 21 onward. However, av-
erage sleep time was similar for both groups independent of age
(Figure S12B). In contrast, average sleep time was more than
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Figure 5—Waking activities that short sleepers (< 6 h) spend more time on compared to normal sleepers (> 6 h and < 11 h) across sociodemographic
categories and on weekdays. Rank #1 is the activity with the largest increase in time. Activities are coded with the numbers from Table 1. Six waking activities
are color coded instead. For each stratum (e.g., 15 to 24 years old) and each of the 39 waking activities defined in Table 1 a separate linear regression model
with indicator variables for short and long sleep as the only predictors was run.
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one hour longer in those who did not
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respondents obtained the most sleep
per 24 h on weekdays (Table 2). Work Start Time Class Start Time
Most of this extra sleep was ac- | Figure 6—The effect of work start time (left panel, N = 35,257) and class start time (right panel, N = 3,378)
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hours (06:00 to 09:00) and through

afternoon naps, which only became

noticeable in this age bracket (Figures 1 and S1). The differ-
ence between weekday and weekend/holiday 24-h sleep time
decreased substantially with age.

Sex

On average and across the whole age range, males slept 9.1
min and 3.0 min less than females on weekdays and week-
ends/holidays, and were more likely to be short sleepers and
long sleepers (Tables 2 and 3). Males lost most of this sleep
by getting up earlier in the morning, especially on weekdays
(Figures 1 and S1).

Race/Ethnicity

Black, Hispanic, and Asian respondents slept on average sig-
nificantly longer than white respondents and were also signifi-
cantly more likely to be long sleepers (Tables 2 and 3). Only
black respondents were also more likely to be short sleepers
than white respondents, while Hispanic and Asian respondents
were less likely to be short sleepers, indicating some degree
of heterogeneity in black respondents. Hispanic respondents
tended to exhibit an earlier bedtime than other ethnic groups. In
comparison to white respondents, other races/ethnicities spent
more time sleeping during the morning and daytime, especially
on weekends/holidays.

Education

Sleep duration was negatively correlated with educational
attainment, with college graduates or those with a higher de-
gree obtaining on average significantly less sleep than high
school graduates on both weekdays and weekends/holidays
(Tables 2 and 3). However, higher educational attainment
was also associated with lower odds of being a short or long
sleeper, suggesting less variability in sleep duration in those
with higher education compared to high school graduates. In-
dividuals with higher education slept less in early morning
hours (Figures 1 and S1). In contrast, respondents with less
than a high school degree slept significantly longer than those
with high school degree, were less likely to be a short sleeper
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and more likely to be a long sleeper (Tables 2 and 3). This
increased sleep duration occurred during morning and evening
hours (Figures 1 and S1).

Family Structure

Divorced/separated, widowed, or never married respon-
dents did not differ significantly from married respondents in
terms of average sleep duration. However, widowed subjects
were significantly more likely to be short sleepers on weekdays,
while those never married were more likely to be long sleepers
on both weekdays and weekends/holidays compared to married
respondents (Tables 2 and 3). Married respondents obtained
less sleep during the morning but more sleep during the late
evening until about 03:00, especially compared to those never
married (Figures 1 and S1).

Although average sleep time did not differ between inter-
view days whether a spouse or unmarried partner was present
or not, respondents without a partner present were more likely
to be long sleepers on both weekdays and weekends/holidays
(Tables 2 and 3). Respondents without a partner were less likely
to report sleeping between 21:00 and 03:00 and more likely to
report sleeping during the morning (Figures 1 and S1).

Respondents with > 2 household children obtained less sleep
and were significantly less likely to be long sleepers than childless
respondents on both weekdays and weekends/holidays (Tables 2
and 3). Respondents with > 3 children were significantly more
likely to be short sleepers on weekdays than those without chil-
dren (Table 2). Respondents with > 2 children went to bed earlier
compared to those with 1 child or without children, but were more
likely to be awake in the early morning (Figures 1 and S1).

Family Income

Family income and sleep duration were negatively corre-
lated, and the odds of being a short sleeper increased while the
odds of being a long sleeper decreased with increasing family
income, the former on weekdays only (Tables 2 and 3). During
weekdays, respondents in the higher income categories were
less likely to sleep in the morning between 06:00 and 10:00 and
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also in the evening between 21:00 and 23:00 compared to the
lower income categories. Those in the lowest income category
(< $25,000) were more likely to obtain sleep during the day
compared to those making $25,000 or more (Figures 1 and S1).

Employment

Private sector employees represented the largest group of
respondents (weighted prevalence 41.9%). Sleep time and the
odds of being a short or long sleeper did not differ between
private sector and government employees on both weekdays
and weekends/holidays (Tables 2 and 3). In contrast, self-em-
ployed respondents obtained significantly more sleep, had sig-
nificantly lower odds of being a short sleeper and also higher
odds of being a long sleeper compared to private sector em-
ployees on weekdays (Table 2). Interestingly, this pattern was
reversed on weekends/holidays (Table 3). Self-employed re-
spondents were more likely to sleep between 04:00 and 07:00
on weekdays and less likely to sleep between 07:00 and 11:00
on weekends/holidays compared to the other respondents
(Figures 1 and S1). On weekdays, self-employed respondents
woke up 19.3 min (95% CI 12.5-26.1 min) later in the morning
compared to government and private sector employees. Rela-
tive to private sector employees, full-time high school students
obtained significantly less sleep (—0.28 h) on weekdays, but
obtained significantly more sleep (+0.45 h) on weekends/hol-
idays (Tables 2 and 3). Full-time high school students were
more likely to sleep during morning hours, particularly on
weekends/holidays (Figures 1 and S1). Full-time college or
university students were more likely to be long sleepers on
weekdays, but did otherwise not differ from private sector em-
ployees (Tables 2 and 3). Compared to all other respondents,
college/university students were more likely to sleep between
04:00 and 12:00 and less likely to sleep between 21:00 and
02:00 on weekdays (Figure 1). Those employed but absent
from work obtained almost 1 additional hour of sleep, were
significantly less likely to be short sleepers, and more likely to
be long sleepers on weekdays (Table 2). Compared to all other
respondents, employed individuals absent from work were
more likely to sleep between 05:00 and 09:00 on weekdays
(Figure 1). Respondents who were unemployed, retired, or
not in the labor force obtained significantly more sleep, were
less likely to be short sleepers, more likely to be long sleepers
(Table 2), and also more likely to sleep during morning hours
on weekdays (Figure 1). On weekends/holidays, retired respon-
dents did not differ from private sector employees in sleep du-
ration, but retirees were less likely to be long sleepers (Table 3)
and were less likely to sleep in the morning compared to the
other respondents (Figure S1). Relative to those not working
multiple jobs, those who did obtained significantly less sleep,
were more likely to be short sleepers, and less likely to be long
sleepers on both weekdays and weekends/holidays (Tables 2
and 3). Individuals working multiple jobs were less likely to
sleep during late evening and early morning hours compared
to all other respondents (Figures 1 and S1).

Survey Time and Location

Respondents in the western census region averaged the lon-
gest sleep time and were significantly less likely to be short
sleepers on weekdays only than respondents in the southern

SLEEP, Vol. 37, No. 12, 2014

1902

census region, who represented 35.6% of the US population
(and was thus chosen as the reference region). Respondents
in the western census region were more likely to obtain sleep
during late evening hours relative to all other respondents on
weekdays and weekends/holidays (Figures 1 and S1).

There was a trend of decreasing sleep time during the work
week and sleep time averaged 0.31 h less on Fridays compared
to Mondays (Table 2). On Friday sleep was lower from 22:00
to 01:00 than on other days of the week (Figure 1). On week-
ends, subjects slept on average 0.61 h longer on Sundays than
Saturdays, primarily due to increased sleep from 21:00 to 02:00
(Table 3, Figure S1).

Seasonal differences in average sleep time amounted to < 5
min on weekdays but were more pronounced on weekends/hol-
idays, with significantly more sleep obtained during the winter
months compared to the other months (Table 3). In the summer,
sleep time was reduced during late evening hours (Figures 1
and S1).

The maximal difference in average sleep time between survey
years was relatively small (11 min). However, average sleep
time on weekdays was significantly longer during years 2009-
2011 compared to 2003 (Table 2). In-depth analyses showed
that unemployment rates were highest in years 2009-2011
(Figure S2), and that there was a significant negative correla-
tion between average sleep time and average work time across
survey years (Figure S11; Pearson rho = —0.77, P = 0.0147).
If this analysis was restricted to employed respondents, the
strength of this correlation decreased and was no longer statis-
tically significant (Pearson rho =—0.21, P = 0.5930).

Stratified Analyses

In stratified analyses we investigated whether the odds of
being a short or long sleeper generalized across a wide range of
sociodemographic categories, or whether they were driven by
specific combinations of sociodemographic characteristics. The
characteristics most consistently associated with short sleep
on both weekdays and weekends/holidays across sociodemo-
graphic strata were working multiple jobs and those in the black
or “other race/ethnicity” category (Figures 2 and S3). Black re-
spondents or those in the “other race/ethnicity” category were
also consistently more likely to be long sleepers on weekdays
and weekends/holidays, whereas respondents working multiple
jobs were consistently less likely to be long sleepers (Figures S4
and S5). Weekends/holidays were associated with consistently
higher odds for long sleep in 15- to 24-year olds, those with
less than a high school degree, those never married or with no
spouse or partner present, and full time high school students.

Sleep Time and Waking Activities

Relative to normal sleepers, short sleepers spent less time
sleeping from 21:00 to 09:00, while long sleepers added sleep
time by retiring earlier in the evening, getting up later in the
morning, and sleeping more during the day (Figure 3).

We analyzed which waking activities were predomi-
nantly exchanged for less (short sleepers) or more sleep
(long sleepers) compared to normal duration sleepers (> 6 h
and < 11 h). The predominant activity exchanged for less sleep
was work, on both weekdays and weekends/holidays (Figures 4
and S6), and across practically all sociodemographic categories
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(Figures 5 and S7-S9). In depth analyses showed that, com-
pared to normal sleepers, short sleepers worked more hours,
started working earlier, and stopped working later, while long
sleepers worked significantly less during the day than normal
sleepers (Figure 3). As time spent working had such a profound
impact on sleep duration, we investigated how work start times
in the morning affected average sleep time (Figure 6A). Sleep
time increased in a linear fashion with later work start times.
On average, respondents slept only 6.02 h when starting work
before or at 06:00 and slept 7.29 h when starting work between
09:00-10:00. These findings were unaffected by the age of the
respondent (Figure S10A). The above analysis was repeated for
class start times (Figure 6B); although there was no difference
in average sleep time when class start times occurred either
before 07:00 or between 07:00 and 08:00 (6.84 h vs. 6.82 h,
P =0.908), average sleep time increased in a linear fashion for
class start times after 08:00. Stratified analyses showed that col-
lege/university students averaged shorter sleep times for class
start time before 08:00 compared to high school students, but
that both groups did not differ for class start times after 08:00
(Figure S10B).

In terms of waking activities exchanged for less sleep,
working was closely followed by travel time. Short sleepers
traveled more, started traveling earlier in the morning, and
stopped later in the evening (Figure 3) than normal sleepers.
Among short and normal sleepers, the biphasic pattern during
weekdays with peaks at 07:00 and 17:00 strongly suggests
that the majority of travel time is associated with commuting
to and from work or school. Long sleepers did not show this
biphasic pattern and spent less time traveling in general. Other
waking activities consistently exchanged for less sleep were
socializing and communicating, sleeplessness, and grooming.
Compared to normal sleepers, short sleepers spent more time
socializing, particularly during late evening and early night-
time hours, whereas long sleepers were less likely to socialize
during late afternoon and evening hours on weekends/holidays.
Short sleepers spent more time grooming and started grooming
earlier in the morning compared to normal sleepers during the
week and on weekends/holidays, whereas long sleepers started
grooming much later in the morning and overall spent less time
in this activity.

The role of watching TV in short and long sleep was less
straightforward, as both short and long sleepers watched more
TV than normal sleepers. Compared to when normal sleepers
watched TV, long sleepers were more likely to watch during
the day (09:00 to 20:00) and less likely to watch during late
evening hours, whereas short sleepers were less likely to watch
during the day, but more likely during times usually spent
sleeping (22:00 to 09:00). Importantly, the extent to which
watching TV was exchanged for less sleep varied greatly de-
pending on sociodemographic characteristics. It was more
likely in those > 45 years (Figure S13, supplemental material),
in females, in black respondents, in those with lower educa-
tional attainment, in respondents without a partner, in those
with family income < $25,000, and in respondents without work
(Figures 5 and S7). Watching videos and movies on a computer,
smart phone, or tablet device were all classified as “watching
TV or movies” in ATUS, which we simply call “watching TV”
throughout this manuscript.
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DISCUSSION

Based on a large representative US time use survey, we
identified several demographic, family structure, and socioeco-
nomic variables that were associated with short sleep and/or
long sleep. Importantly, we also identified waking activities that
were exchanged for more or less sleep, and how the timing of
sleep and several key waking activities differed between short
(< 6 h), normal (= 6 h and < 11 h), and long sleepers (> 11 h).
Given the high prevalence of chronic partial sleep restriction in
the US population and the associated negative consequences
for performance, safety, and health, our primary objective was
to identify both individual characteristics and behaviors that
predispose to short sleep and could thus be targeted in interven-
tion studies.

Overwhelmingly, our analyses point to work as the domi-
nant waking activity that is performed instead of sleep in
short sleepers (1.55 h more on weekdays and 1.86 h more on
weekends/holidays compared to normal sleepers), while long
sleepers spent much less time working compared to normal
sleepers (2.66 h less on weekdays and 0.90 h less on week-
ends/holidays). Working ranked as the primary waking activity
that was performed instead of sleep across all sociodemo-
graphic strata, with the exception of respondents retired, unem-
ployed, or otherwise not in the labor force. Furthermore, age
25-64 years, male sex, high income, and employment per se
(i.e., sociodemographic characteristics usually associated with
paid work) were also consistently associated with short sleep.
Working multiple jobs was associated with the highest ob-
served odds ratio for being a short sleeper (adjusted OR 1.61 on
weekdays and OR 1.72 on weekends/holidays) compared to all
other sociodemographic characteristics. The fact that working
multiple jobs was associated with high odds for short sleep was
true across virtually all sociodemographic strata. The timing of
work in short sleepers compared to normal sleepers suggests
that short sleepers stop working later at night and start working
earlier in the morning, which directly impacts their ability to
obtain sufficient amounts of sleep.

The association between long work hours and short sleep has
been identified in earlier research.”** Knutson et al. found a
significant increase in the odds of short sleep between 1975 and
2006 for full-time workers only.*! Our own analyses show that
between 2003 and 2011, sleep time and work time were signifi-
cantly negatively correlated.” The longest sleep times were ob-
served in the economic crisis years 2009, 2010, and 2011, that
were characterized by layoffs and a decrease in average work
time. Prior research also suggests that respondents working
long hours get up earlier in the morning than those not working
or working fewer hours, but that these groups do not differ in
bedtime.* For individuals who need to work long hours, going
to bed at an earlier time rather than engaging in other activities
(e.g., socializing or watching television) would thus be one way
to prolong sleep duration.*?

In terms of intervention strategies, it may be difficult to
reduce work time in order to increase sleep time. However,
making the work start time more flexible may help increase
sleep time; even if total time spent working is kept constant.
This is supported by our finding that self-employed respondents,
who typically experience more flexibility in the placement of
their work period, obtained significantly more sleep and were
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less likely to be short sleepers on weekdays compared to private
sector or government employees. On weekends, self-employed
respondents slept 0.12 h less than private sector employees and
were significantly less likely to be long sleepers. The difference
between weekdays and weekends could either be explained by
less social jet lag (i.e., the reduced need of self-employed re-
spondents to recuperate sleep lost during the work week on the
weekends) or by differences in hours worked (self-employed
respondents worked 0.4 h less on weekdays and 0.5 h more
on weekends/holidays than private sector employees). A recent
prospective study reported that an increase in perceived control
over work time was associated with more sleep and lower levels
of fatigue and depressive symptoms.** We also found that, with
every hour work or class started later in the morning, sleep time
increased by approximately 20 minutes (for class after 08:00
only). Other studies have shown that later class start times may
increase students’ sleep time, attention, and cognitive perfor-
mance,*** and decrease teen automobile-crash rates,*® although
one study in college students showed that taking later classes
was associated with increased alcohol consumption and lower
academic performance.’” More flexible work (and class) start
times may be possible without decreasing work time and pro-
ductivity, and would also accommodate individuals with late
circadian preference who cannot fall asleep early but have to
get up before their biological wake time to meet social demands
(a condition coined “social jet lag”).*®

The finding that respondents working multiple jobs are at
increased odds of being a short sleeper is not surprising but
still worrisome. Sleep restriction and high workload associated
with working multiple jobs are known risk factors for increased
levels of fatigue that may not only affect job performance but
also affect safety both on the job and during the commute. This
is extremely troubling in subjects working jobs that immedi-
ately affect other people’s lives, like medical doctors (so-called
moonlighting®) or bus drivers. Oftentimes, employers do not
know about other jobs of their employees, and even if work
hour regulations for the primary job are not violated, they
would be if the other job were taken into account. The fact that
approximately 1 of 10 respondents (9.8%) with employment
worked more than one job, presumably to generate sufficient in-
come, is a societal problem. Our data suggest that reducing the
number of those who work multiple jobs could have a profound
impact on the amount of sleep obtained.

Another mechanism by which work affects sleep duration is
the time it takes to commute to and from work. Living far away
from work or school necessitates long commutes that may fur-
ther postpone sleep onset or advance wake-up times. Christian
found an average daily commute time of 62 minutes among
US working age individuals.* Assuming 250 work days, a one-
hour commute to and from work accumulates to 500 hours (ap-
proximately 21 days) annually that could be used to increase
time spent sleeping or in other waking activities. Many factors
influence the decision where to rent or buy a home, including
neighborhood aspects and living expenses. A short commute is
a factor that should be valued and considered, as it will likely
contribute to decreasing the prevalence of short sleep and thus
indirectly improving health. Reliable and fast public transport
and less congested highways are also critical for shorter com-
mute times and may reduce the prevalence of short sleep.
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Two other waking activities observed more frequently
in short sleepers and less frequently in long sleepers were
grooming and socializing and communicating. These activities
are typically performed late at night or early in the morning and
thus directly “compete” with sleep for time. In an analysis that
concentrated on 2-hour periods pre and post bed, grooming ac-
counted for 6.5% of the two hours spent before going to bed in
the evening and for 20.2% of the two hours after getting out of
bed in the morning.** Although a certain level of body hygiene
is important for social and physical well-being, excessive time
spent in these activities may reduce sleep time at both ends of
the sleep period.

Although it is often assumed that watching TV is the pri-
mary waking activity exchanged for less sleep; our results
demonstrate that watching TV only ranked in 9" position of
the activities exchanged for less sleep in short sleepers. How-
ever, watching TV in the pre-bed hours was a very prevalent
behavior in short, normal, and long sleepers. We previously
found that more than half of the nation watches TV in the 30
minutes prior to individual bedtimes, and 55.6 minutes are
spent watching TV in the 2 hours pre-bedtime.** In the cur-
rent in-depth analysis, we showed that, although short sleepers
only watched an average of 4 minutes more TV than normal
sleepers, they started and stopped watching TV much later at
night than normal—especially long sleepers. This high preva-
lence of watching TV late at night in short sleepers suggests
that considerable amounts of sleep could be gained by turning
the TV off earlier at night. Turning off the TV and other elec-
tronic devices may also have the added benefit of reducing
exposure to bright light during late evening hours, which has
been shown to suppress melatonin excretion and delay mela-
tonin onset, and may even delay circadian phase and thus ag-
gravate social jetlag.*'*

Several studies have shown that black respondents are more
likely to report short sleep and sometimes also long sleep
than white respondents.*?2*!%3-4¢ This was corroborated in
our study in multivariate analyses adjusted for a host of other
demographic, family structure, and socioeconomic variables.
In addition, we showed that the high odds for short sleep in
black respondents persisted across nearly all other sociode-
mographic strata. Finally, our analyses also show that black
respondents are more heterogeneous than other racial groups.
Compared to white respondents, black respondents reported
longer average sleep durations and were more likely to be both
short sleepers and long sleepers. Future studies are needed in
order to identify in detail what characteristics and behaviors
predispose black respondents to become short or long sleepers,
and to what extent these behaviors are driven by beliefs about
the value of sleep.

The finding that weekday sleep time starts to increase again
in > 65-year-old respondents is somewhat at odds with the find-
ings of a meta-analysis of quantitative sleep parameters across
the human lifespan, which reported continuously decreasing
total sleep time with increasing age.*” However, this meta-anal-
ysis concentrated on polysomnographically measured sleep
during the main sleep period, often recorded in laboratory con-
texts. Our analyses suggest that once the obligation to arrive
at work in the morning is no longer present during retirement,
older subjects begin to sleep more, both in the morning and in
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the afternoon. However, due to the nature of ATUS, it is unclear
how much of this time represents real sleep and not merely rest
or transitions in or out of sleep. Nevertheless, our data strongly
support the concept of social jetlag during the years of employ-
ment, and its reversibility during retirement.*

Limitations

The cross-sectional nature of the American Time Use
Survey, the average response rate of 55.8%, and the fact that
information on secondary activities (performed at the same
time as the primary activity) was not collected, are limitations
of this study.” We had no detailed information on the respon-
dents’ health status or on the content of some behaviors (e.g.,
which type and how much alcohol, caffeine, or drugs were
consumed) that may act as confounders and influence sleep
time. As health status is not measured in ATUS (or the CPS),
our analyses cannot directly show whether and how sleep pat-
terns contribute to health disparities. However, our analyses
point to several sociodemographic variables associated with
short or long sleep that may also be associated with poor
health status. As discussed in the methods section, the ATUS
definition of sleep includes rest or transitions in or out of sleep,
and it covers sleep during a 24-hour period, and not only the
dominant sleep period. Thus, ATUS sleep time estimates are
not directly comparable with (and likely overestimate) sleep
time estimates from epidemiologic studies and physiological
sleep. Finally, the findings reflect associations, and therefore
the effectiveness of intervention strategies addressing spe-
cific behaviors in the identified risk groups still needs to be
demonstrated.

CONCLUSIONS

In a large representative sample of Americans 15 years and
older we identified sociodemographic characteristics and be-
haviors associated with short and long sleep time. Our findings
suggest that interventions to increase sleep time should concen-
trate on postponing work and class start times (or making them
more flexible), on reducing the prevalence of multiple jobs, and
on shortening morning and evening commute times. Although
some factors that determine whether somebody is not getting
enough sleep on a chronic basis are driven externally and thus
out of the control of the individual, others—Ilike watching TV
late at night or spending prolonged periods of time in the bath-
room grooming each morning—are not (or to a much lesser de-
gree). Raising awareness for the importance of sufficient sleep
for health and safety may be necessary to reduce the preva-
lence of short sleep, especially since experiments manipulating
sleep duration have shown that subjects adapt quickly to feeling
sleepy early during chronic sleep restriction, even though cog-
nitive performance continuous to decline.*® At the same time,
public health messages about the importance of ensuring ad-
equate sleep should recognize natural biological variation in
sleep need.
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SUPPLEMENTAL MATERIAL

Table S1—Unadjusted models: Moderators of sleep time, short sleep duration, and long sleep duration on weekdays (N = 60,887) and weekends/holidays
(N =63,630). Separate models were run for each category.

Weekday Weekends/Holidays
Prevalence Unadjusted Models Prevalence Unadjusted Models
Variable Unweighted Weighted Sleep Time <6hSleep =11 h Sleep Unweighted Weighted Sleep Time £6 h Sleep =11 h Sleep
N (%) % hours (95% CI) OR (95% Ci} OR (95% CI) N(%) % hours (95% Ci) OR (95% CI) OR (95% Ci)
Age [years]
15-24 6,859 (11.3%) 17.6% 8.86(8.80;8.92) Reference Reference 7,274(11.4%) 17.6% | 10.02(9.94;10.09) Reference Reference
25-34 9,781 (16.1%) 17.0% | -0.70(-0.78;-0.62) 1.35 (1.19;1.53) 0.40(0.36;0.44) 10,781 (16.9%) 16.9% -0.62(-0.71;-0.52) 1.17(1.01;1.36) 0.60{0.55;0.65)
35-44 | 13,054 (21.4%) 17.8% | -0.87(-0.95-0.80)  1.37 (1.23;1.52)  0.34(0.30;0.38) | 13,592(21.4%) 17.8% 1.20(1.05:1.37) | 0.40(0.37;0.43)
4554 | 11,454 (18.8%) 18.2% | -0.99(-1.07;-0.91)  1.60(1.44;1.78)  0.32(0.28;0.36) | 11,993 (18.8%) 18.4% 1.33(1.15;1.54) | 0.36(0.33;0.39)
55-64 8,860 (14.6%) 13.8% | -0.79(-0.86;-0.71) 1.21 (1.06;1.37) 0.36(0.32;0.40) 8,967 (14.1%) 13.7% 1.28(111;1.47) 0.30{0.27;0.33)
65-74 5,959 (9.8%) 83% | -0.30(-0.39;-0.21)  0.80(0.70;0.91)  0.53(0.47;0.60) 5,949 (9.3%) 83% k X 1.05(0.87,1.27) | 0.32(0.29;0.35)
=75 4,920 (8.1%) 7.3% 0.08(-0.01;0.17)  0.72 (0.62;0.84)  0.87 (0.78;0.98) 5,074 (8.0%) 73% | -0.85(-0.96;-0.74) | 094(0.78;1.13) | 0.38(0.35;0.42)
Sex
Male 34,320 (56.4%) 51.6% 8.35(8.32;8.38) Reference Reference 36,050 (56.7%) 51.5% 9.27(9.24;9.30) Reference Reference
Female | 26,567 (43.6%) 48.4% | -0.15(-0.19;-011)  1.29 (1.22;1.37)  1.01(0.95;1.08) | 27,580(43.3%) 48.5% | -0.05(-0.09;-0.01) | 1.18(1.10;1.27) | 1.05(1.00;1.10)
Race/Ethnicity
White 42,682 (70.1%) 69.9% 8.16(8.14;8.18) Reference Reference 43,992 (69.1%) 69.7% 9.10(9.08;9.13) Reference Reference
Black | 7,744 (12.7%) 11.5% 0.43(0.350.51)  1.45(1.34;1.57)  2.64(2.43;2.87) 8,100 (12.7%) 11.6% 1.65(1.49;1.83) | 1.86(1.74;,1.99)
Hispanic 7,608 (12.5%) 13.6% 0.45(0.39;0.52)  0.83(0.75;0.92)  1.72(1.57;1.87) 8,490 (13.3%) 13.4% 0.90(0.82;1.00) | 1.99(1.86;2.12)
Asian 1,738 (2.9%) 3.1% 0.16 (0.04;0.29) 0.94(0.76;1.17) 1.29(1.05;1.58) 1,860 (2.9%) 33% 0.90 (0.71;1.13) 1.58({1.38;1.81)
Other 1,115 (1.8%) 1.9% 0.10{-0.10;0.29) 1.43 (1.15;1.77) 1.48(1.18;1.86) 1,188 (1.9%) 2.0% 0.28(0.10;0.45) 1.16 (0.89;1.50) 1.54(1.31;1.81)
Education
Less than high school | 10,015 (16.4%) 18.6% 0.64(0.58;0.71)  0.69 (0.63;0.77)  1.88(1.74,2.04) | 10,855(17.1%) 18.9% 0.74(0.67;0.80) | 079(0.71;0.87) | 2.00(1.90;2.10)
High school graduate 27,244 (44.7%) 47 2% 8.29(8.25;8.32) Reference Reference 28,391 (44.6%) 472% 9.19(9.16;9.22) Reference Reference
College graduate | 16,984 (27.9%) 251% | -0.35(-0.40;-0.31)  1.07 (0.99;1.15)  0.50(0.46;0.54) | 17,536(27.6%) 24.6% | -019(-0.24;-0.14) | 0.90(0.82;098) | 0.74(0.70;0.79)
Master's degree or higher 6,644 (10.9%) 92% | -0.44(-0.50;-0.38)  0.92 (0.84;1.01)  0.32(0.27,0.38) 6,848 (10.8%) 9.2% 0.69(0.60;0.79) | 0.50(0.45;0.55)
Marital Status
Married 31,475 (51.7%) 54.1% 8.06 (8.04;8.08) Reference Reference 32,726 (51.4%) 54.1% 9.01(8.98;9.03) Reference Reference
Divorced/Separated 9,578 (15.7%) 10.9% 019(012;0.25)  1.24(1.14;1.34)  1.82(1.66;2.01) | 10,145(15.9%) 11.3% 0.16(0.10;0.22) | 1.32(1.21;1.46) | 1.45(1.36;1.55)
widowed 5,303 (8.7%) 5.8% 0.65(0.58;0.72)  0.81(0.72;0.92)  2.57(2.34;2.83) 5,492 (8.6%) 5.6% 0.16(0.08,024) | 1.07(0.94;1.21) | 1.30(1.18;1.43)
Never married 14,531 (23.9%) 29.3% 0.54(0.49;0.60) 1.01 {0.93;1.09) 2.60(2.40;2.82) 15,267 (24.0%) 29.0% 0.73(0.67,0.79) 1.08(0.98;1.19) 2.41(2.27;2.56)
Presence of spouse or unmarried partner
Spouse or unmarried partner present 32,974 (54.2%) 57.9% 8.07 (8.05;8.10) Reference Reference 34,231 (53.8%) 57.5% 9.03(9.00;9.05) Reference Reference
No spouse or unmarried partner present 27,913 (45.8%) 42.1% 0.48 (0.44;0.53) 1.03 (0.96;1.10) 2.43(2.27;2.60) 29,399 (46.2%) 42.5% 0.52(0.48;0.57) 1.13(1.05;1.22) 1.98 (1.89;2.09)
Presence of Household Children
No children 32,261 (53.0%) 58.3% 8.31(8.28;8.34) Reference Reference 33,157 (52.1%) 58.2% 9.15(9.11;9.18) Reference Reference
1child | 11,762 (19.3%) 17.2% | -0.01{-0.06;0.04)  1.06 (0.98;1.14)  1.07(0.99;1.15) | 12,418(19.5%) 17.1% 0.33(0.27;0.39) | 0.88(0.80;0.96) | 1.41(1.33;1.50)
2 children 10,855 (17.8%) 15.1% | -0.13(-0.19;-0.08) 1.01 (0.94;1.08) 0.83(0.74;0.92) 11,631 (18.3%) 15.3% 0.15(0.09;0.21) 0.94(0.86;1.03) 1.18(1.10;1.26)
3or more children 6,009 (9.9%) 9.4% | -0.11(-0.18;-0.04) 1.12 (1.02;1.22) 0.88(0.77,1.00) 6,424(10.1%) 9.4% 0.23(0.16;0.30) 0.86 (0.76;0.97) 1.25(1.15;1.36)
Family income
<$25,000 | 13,508 (22.2%) 19.7% 8.85 (8.80;8.91) Reference Reference | 14,314(22.5%) 19.6% 9.54(9.49;9.59) Reference Reference
$25,000 < $50,000 14,809 (24.3%) 24.0% | -0.52(-0.59;-0.46) 1.16 {1.06;1.26) 0.53(0.49;0.58) 15,745 (24.7%) 24.5% 0.93 (0.85;1.03) 0.73(0.69;0.78)
$50,000 < $75,000 | 10,473 (17.2%) 17.7% | -0.77(-0.84;-0.71)  1.21(1.10;1.34)  0.37(0.33;0.41) | 10,605(16.7%) 17.5% 0.84(0.75,0.95) | 0.61(0.57;0.66)
$75,000 < $100,000 7,707 (12.7%) 127% | -0.86(-0.94;-0.78)  1.23(1.10;1.37)  0.33(0.29;0.37) 8,124 (12.8%) 12.6% 0.83(0.74;,0.94) | 0.54(0.50;0.58)
$100,000 < $150,000 4,539 (7.5%) 8.6% | -0.98(-1.07;-0.89)  1.30 (1.15;1.47)  0.24(0.20;0.29) 4,754 (7.5%) 8.6% k 0.76 (0.64;0.90) | 0.51(0.45;0.57)
= $150,000 2,902 (4.8%) 5.5% | -0.97 (-1.06;-0.88) 1.26 (1.09;1.45) 0.21(0.17%,0.27) 3,218 (5.1%) 6.0% -0.57 (-0.69;-0.45) 0.85 (0.69;1.05) 0.50(0.44;0.57)
No family income information available 6,949 (11.4%) 11.9% | -0.57(-0.65;-0.49)  1.24 (1.11;1.40)  0.56(0.50;0.62) 6,870 (10.8%) 11.2% | -0.30(-0.39;-0.22) | 093(0.81;1.06) | 0.70(0.64;0.77)
Employment
Private Sector employee 25,042 (41.1%) 41.9% 7.87(7.84,7.90) Reference Reference 26,188 (41.2%) 4.6% 9.12(9.08;9.16) Reference Reference
Government employee 5,727 (9.4%) 8.5% | -0.18(-0.25;-0.11)  1.01(0.92;1.11)  0.72(0.61;0.86) 6,000 (9.4%) 8.5% 1.07(0.94:1.21) | 0.84(0.76;0.92)
Self employed 4,123 (6.8%) 6.6% 0.06{-0.02;0.14)  0.87 (0.76;0.99)  0.88(0.74;1.06) 4,027 (6.3%) 6.1% 0.69 (0.62;0.78)
Employed without pay 33(0.1%) 0.1% 0.69(-0.20;1.59)  0.75(0.20;2.84)  1.67 (0.42;6.69) 26 (0.0%) 0.0% 2.04(0.64;6.52)
Employed but absent from work 1,352 (2.2%) 2.1% 0.90 (0.76;1.04) 0.57 {0.45;0.72) 2.83(2.30;3.49) 1,801 (2.8%) 2.7% . . 1.02{0.88;1.19)
Full time high school student 2,613 (4.3%) 5.5% 0.82(0.72;0.92)  0.58(0.49;0.69)  2.81(2.43;3.26) 2,718 (4.3%) 5.2% 1.35(1.24;1.47) | 054(0.44;067) | 3.08(2.81;3.38)
Full time college or university student 2,095 (3.4%) 4.9% 0.52(0.39;0.65)  0.96 (0.81;1.14)  2.54(2.15;3.00) 2,164 (3.4%) 1.9% 0.37(0.23;051) | 1.00(0.81;1.23) | 1.62(1.421.83)
Unemployed 2,306 (3.8%) 4.2% 1.24(1.12;1.36)  0.59 (0.49;0.70)  4.12(3.58;4.75) 2,417 (3.8%) 43% 0.48(0.32;,0.63) | 087(0.70;1.09) | 1.56(1.39;1.76)
Retired 9,912 (16.3%) 14.5% 0.91 (0.85;0.96) 0.47 (0.42;0.52) 2.50(2.28;2.74) 10,039 (15.8%) 14.4% -0.13 (-0.20;-0.07) 0.80 (0.71;0.91) 0.72{0.67,0.78)
Not in labor force 7,684 (12.6%) 11.8% 1.22(1.14,1.30)  0.57 (0.52;0.64)  4.38(3.96;4.83) 8,250 (13.0%) 123% 0.52(0.44;0.60) | 0.85(0.75;0.96) | 1.63(1.52;1.76)
Multiple job Status
Not working on multiple jobs 57,159 (93.9%) 93.8% 8.33(8.31;8.35) Reference Reference 59,656 (93.8%) 93.7% 9.29(9.27,9.31) Reference Reference
Working on multiple jobs 3,728 (6.1%) 6.2% | -0.78(-0.88;-0.69) 1.91 (1.71;2.13) 0.40(0.32;0.49) 3,974 (6.2%) 6.3% -0.66 (-0.77;-0.55) 1.81(1.58;2.08) 0.63(0.55;0.71)
Census Region
South 21,764 (35.7%) 35.6% 8.32(8.28;8.36) Reference Reference 22,559 (35.5%) 35.0% 9.29(9.26;9.33) Reference Reference
West | 13,091 (21.5%) 22.0% 0.04{-0.01;0.10) 0.80 {0.75;0.85) 0.84(0.77,0.92) 13,700 (21.5%) 22.0% 0.04(-0.03;0.10) 0.82(0.74;0.91) 0.99 {0.92;1.06)
Midwast | 15,050 (24.7%) 242% | -0.13(-0.19;-0.08)  0.95(0.88;1.02)  0.75(0.69;0.82) | 15,857 (24.9%) 24.6% | -012(-0.19;-0.06) | 098(0.89;1.08) | 0.83(0.78;0.89)
Northeast | 10,982 (18.0%) 18.2% | -0.11(-0.17;-0.05)  0.99 (0.91;1.08)  0.81(0.74;0.89) | 11,514(18.1%) 18.4% | -0.12(-0.19;-005) | 0.97(0.88;1.07) | 0.85(0.7%;0.92)
Day of the week
Monday 12,040 (19.8%) 19.3% 8.37(8.32;8.42) Reference Reference
Tuesday | 12,459 (20.5%) 204% | -0.05{-011;0.02)  1.01 {0.91;1.12)  0.97(0.88;1.08)
Wednesday | 12,408 (20.4%) 203% | -0.03(-0.10;0.03)  0.98(0.89;1.09)  0.95(0.86;1.05)
Thursday | 11,955 (19.6%) 20.1% | -0.09(-0.16;-0.02) 1.07 {0.96;1.18) 0.83(0.75;0.93) - - - .
Friday | 12,025 (19.7%) 200% | -0.29(-0.36;-0.22)  1.62(1.47;1.77)  088(0.79098) [ - | | o
Saturday | - | e 30,623 (48.1%) a77% 8.94(8.91;8.97) Reference Reference
Sunday 30,886 (48.5%) 46.7% 0.60(0.55;0.65) 0.54 (0.50;0.58) 1.55(1.48;1.62)
Holiday 2,121 (3.3%) 5.7% 0.50(0.38;0.62) 0.67 (0.54;0.83) 1.53(1.351.74)
Season
Winter 16,452 (27.0%) 24.8% 8.31(8.27;8.35) Reference Reference 17,065 (26.8%) 24.2% 9.37(9.32,9.41) Reference Reference
Spring | 14,889 (24.5%) 24.9% | -0.07(-0.12;-0.02) 1.04 (0.96;1.13) 0.94(0.86;1.04) 15,482 (24.3%) 24.9% -0.17 (-0.23;-0.10) 1.20 (1.08;1.34) 0.90 {0.85;0.96)
Summer | 14,725 (24.2%) 250% | -0.02(-0.07;0.04) 1.10(1.02;1.20)  1.06(0.96;1.17) | 15,826(24.9%) 25.8% | -021(-0.27;-015) | 1.25(1.12;1.39) | 0.86(0.81;0.92)
Fall | 14,821 (24.3%) 25.4% | -0.04{-010;0.02) 1.08(0.99;1.17)  0.97(0.88;1.07) | 15,257 (24.0%) 251% | -0.09(-0.15;-0.03) | 1.15(1.03;1.28) | 0.94(0.89;1.00)
Survey Year
2003 10,053 (16.5%) 10.7% 8.24(8.19;8.28) Reference Reference 10,667 (16.8%) 10.6% 9.25(9.20;9.31) Reference Reference
2004 | 6,806 (11.2%) 10.8% | -0.04{-012;0.04) 1.08(0.97;1.21)  0.92(0.81;1.05) 7,167 (11.3%) 10.7% | -0.04(-013;0.05) | 1.09(0.951.25) | 1.02(0.941.11)
2005 6,466 (10.6%) 10.9% 0.05(-0.03;0.12)  0.97 (0.851.10)  0.96 (0.85;1.08) 6,572 (10.3%) 108% | -0.03(-0.13;0.07) 1.08 (0.98;1.18)
2006 6,367 (10.5%) 11.0% 0.02{-0.06;0.10) 1.08 (0.96;1.21) 1.00(0.87;1.14) 6,576 (10.3%) 11.1% 0.01 (-0.0: 1.03(0.94;1.13)
2007 5,979 (9.8%) 11.1% -0.02{-0.10;0.06) 1.05 {0.94;1.17) 0.91(0.80;1.03) 6,269 (9.9%) 11.2% -0.07 (-0.16;0.02) 1.01(0.92;,1.10)
2008 6,068 (10.0%) 11.2% 0.00{-0.07;,0.07)  1.05(0.94;1.16)  0.99(0.86;1.14) 6,655 (10.5%) 11.3% 0.00 (-0.0 1.06 (0.97;1.16)
2009 6,428 (10.6%) 11.3% 0.09(0.01;0.16)  0.95(0.86;1.06)  1.01(0.88;1.16) 6,705 {10.5%) 11.4% 0.01(-0.07;0.09) | 1.06(092;1.22) | 1.03(0.941.12)
2010 6,492 (10.7%) 11.5% 0.09 (0.02;0.17) 1.00 {0.91;1.11) 1.04(0.92,1.18) 6,768 (10.6%) 11.3% 0.03(-0.05;0.11) 0.98 (0.83;1.16) 1.13(1.04;,1.23)
2011 6,228 (10.2%) 11.5% 0.16(0.08;0.24)  0.89 (0.79;1.01)  1.07(0.94;1.21) 6,251 (9.8%) 11.5% 0.04(-0.05013) | 101(0.88;1.17) | 1.08(0.981.19)
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Figure S1—Sleep lost or gained by time of day on weekends and holidays for several sociodemographic categories (N = 63,630). Each cell represents a
30-min time window and the amount of sleep lost or gained compared to all other respondents within a given category. The color indicates the amount of
sleep lost (red) or gained (green). For example, 15- to 24-year-old respondents slept > 4 minutes less than = 25-year-old respondents in the 0:00-0:29 time
window on weekends/holidays. The numbers in the column labeled “Min” show how many minutes of sleep are lost or gained per 24 h compared to all other
respondents within a given category. All analyses are based on unadjusted linear regression models (i.e., separate models were run for each category).
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Figure S2—Unemployment rates for the survey years 2003 to 2011
(N =124,517). For calculating the unemployment rates, the proportion of
respondents with ATUS variable TELFS = 3 (unemployed - on layoff) and
TELFS = 4 (unemployed - looking) was calculated. Error bars represent
standard errors.
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Figure S3—LogOdds for being a short sleeper (< 6 h) on weekends and holidays are given for combinations of sociodemographic categories (N = 63,630).
All logistic regression models were adjusted for census region, day of the week, season, and survey year. Models were not run for category combinations that
contained < 200 respondents in the overall survey (white cells).
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Figure S4—LogOdds for being a long sleeper (= 11 h) on weekdays are given for combinations of sociodemographic categories (N = 60,887). All models
were adjusted for census region, day of the week, season, and survey year. Models were not run for category combinations that contained < 200 respondents
in the overall survey (white cells).
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Figure $5—LogOdds for being a long sleeper (= 11 h) on weekends and holidays are given for combinations of sociodemographic categories (N = 63,630).
All models were adjusted for census region, day of the week, season, and survey year. Models were not run for category combinations that contained < 200
respondents in the overall survey (white cells).
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Figure S6—Average time (£ 95% confidence interval) that short sleepers (< 6 h) and long sleepers (= 11 h) spent more or less in waking activities relative

to normal sleepers (> 6 h and < 11 h) on weekends or holidays (N

63,630). Categories are listed in descending order based on short sleepers. For each

activity, a linear regression model adjusting for age, gender, and race/ethnicity was run.
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Rank Order

Age [years] 5 10] 15 20 25 30 35
15-24 18 30135 3 26-%38 35-39 1129 24 5 21 14113 8 32 1012|717 22 23 20 27| 4 15 7 33 637
25-34 19 30(35 26 15 31343818 4|36 29 3917 27\13 32 5 23 22|11 21 10 8 14|37 33 24 9 12|20
35-44 4 35 34 38|21 15 5 14 38| 8 13 29 32 30(18 31 27 17 10|23 22-361911 33 9 24 37|20
45-54 26 34 36 5|30 1% 14 39|35 32 2912 11(21 24 10 31 17|27 22 23 1918|3813 6 6 937
55-64 26 4 B 7 3Mm 5 289 30021 38 35 10 14|13 12 27 39 32(23 15 22 17 18|31 19 20 36 8|33
65-74 4 26[ 6 117 13|35 38 32 29 39(37 30 12 34 14|10 27 21 31|18 22 19 20 2317 36 5-15 8
=75 26433?356-392912323810111520131422 342319021 27 5 1817]9 36 31 37 30| 8
Sex
Female - 26 4 16 38|34 29 14 39 15(35 32 11 30 31|21 10 36 13 5|19 27 17 22 12|23 24 6 20 & |33
Male 4 35-26 30 34|65 39 31 6 36|38 29 15 21 1318 11 27 32 14|17 189 23 22 10|12 § 7 37 24|20
Race/Ethnicity
White -4 35 26 34 30“31 29 36 155 18 32 39 2114101913 2717 11 23 22 8(12 6 2024 7|49
Black 5 24 39 1411 8 181915 32 30 29| 7 36 5 20 21(13 27 10 22 33|23 35 17 34 12
Hispanic 16 34 26 38 21&.13 3115 5 10 4 8|39 33 29 22 27|12 17 14 32 23|24 36 9 19-3?
Asian 3124 3812 3430 7|26 6 32 15 10(13 38 23 27 21|36 5 22 29 148 17 19 35 an
Other 34 Kl 13-3210 27 15 39|21 23 12 22 37|28 17 30 11 33| 6 18 36 20 24[ 9
Education
Less than high school 30 18|36 29 11 34 38| 5 31 14 39 12-21 1310 3217 27 B 22 23(33 9 7 15 20| 6
High school graduate 30015 39 18 31 38| & 29- 6 14110 21 24 36 13|27 11 12 32 17|22 23 6 19 7 (33
College graduate 36 30034 35 21 29 32|36 31 5 3913|1815 & 11 2217 23 14 27 1012 9 24 37 20| 7
Master's degree or higher 32 38019 B 39 21 31(13 b 12 34 14(35 18 30 27 7|28 23 20 22 17(15 36 10 33 &4
Marital Status
Married 21 12(36 32 13 29 39(38 5 11 272 1|10 18 6 17 23|22 8 9 7 24|33
Divorced/Separated 29 21|11 15 32 14 27|22 30 13 19 23|10 36 17 8 7|37 18 33 24 31| 6
Widowed 33 31|10 15 39 29 1?-14 8 13 22|34 18 23 19 35|27 21 & 36 37| 9

Never married 24 6129 34 36 15 3911 14 21 32 13|10 17 27 12 23|22 7 20 37 833
Presence of spouse or unmarried partner

Spouse or unmarried partner present

No spouse or unmarried partner present

Presence of Household Children

21 32(29 11 36 12 39| 5 383 19 27 18|10 B 17 31 23|22 8 7 9 20|24
34 539 2916 & 36|24 11 21 32 10{14 13 12 27 22|17 23 7 20 6|14

Mo children [ | 4|26 35 30 34|38 39 29 31 15|18 5 36 11 141332 6 21 27(19 1017 2z 23[12[@ 5 7 20(24 37 9 33

1 child 26 4 38 & 11| 5 289 35 39 14 31-10 32 38|21 18 18 27 24(17 23 30 13 22|34 16 37 33 7 (20 84 12 &

2 children 34 18 35-28-38 36 30 4 15 145 3210 39 13|21 11 17 13 27|22 23 29 33 8|31 9 24 3712-8 20 7

3 or more children 12 30 26 4 3 21-15 K| ?-18 5 33 6 29\22 27 20 17 6 (38 13 23 14 10{24 32 36 38 11{19 9 35 37

Family income
< 525,000 4 26 35 11 30(18 15-39 29138 3219 5 13|27 10 21 34 31|14 8 3312 17|23 22 6 9 36|20 37 24 7
525,000 < 550,000 3426 36 B(1938 5 1418|129 39 11 10 4|31 21 24-1?1315 27 22 32 23-20 12 8|7 3733 4
550,000 < $75,000 30 15 26 34(31 35 36 18 33|10 21 29 22 32|11 13 27 17 5|38 2314 8 20| 6 12 37 2419|939 33 7
575,000 < $100,000 38 4 3539 36 21|29 32 1312 51518 31 14 23|27 2217 11 10|19 7 19 33 24 6 20 37
$100,000 < $150,000 34 5 26 35 36 37|14 39 13 12 29| 9 22 27 23 21|10 7 17 30 15(18 33 11 24 19|37 20 &
= £150,000 il 2921 35 32 14|65 19 39 13 27| 4 23 17 22 34|35 1510 8 37|12 11 24 36 20|30 33 9
No family income information available 26 35 12 14 29 18 11]39 21 38-24 34 36 165 13 7123 27 37 30 10|17 22 32 31 2009 33 b &
Employment

35 3015|539 4 291332 36 21 38 27|23 22 1417 (16111018 52412 9 33376 7 20
5 4 24(32 38 30 39 12(21 11 29 15 18|14 27 19 10 34|23 8 17 22 13|36 9 31 37 7|33 6 20
18 5 14|21 3130 19|34 10 33 26 38|23 27 & 22 2317 4 7 B 32|13 15 36 20 37(33 24 9
9 701112 13 14 18 168 18 20 2122 23 24 26|27 29 30 37|32 33 34 36 36|37 38 39
4 36 35 30 20 10011 14 8 34 1 eq s 19 12 27 21 23 17 22 32|37 15 18 38 33|34 7 24 9
36 39 29|21 10 31 & 2ol 6 4|23 322z 17(27 1315 14 12|34 24 9 7 8(33 37 19
13 34 31|24 15[l 23 3812 26 21|14 33 & 7 32|22 17 20 27 13({38 23 4 10 9(37 11 &

Private Sector employee

Government employee

Self employed

Employed without pay

Employed but absent from work

Full time high school student

Full time college or university student

Unemployed 38 28 15|37 39 &8 17 5 4 32 34 33 26 10 7 13 2zl 12|23 27 18 21 30|36 20 19 9
Retired 426 67 38 36 38)32 29 20 11 14 33 12 30 13 10 34 31 22|21 37 27 8 19[17 23 5 15 36[1a[l 5 24
Not in labor force 35 26 14 38 29 31 13 182110 11 B 39| 7 & 27 34 32|16 17 36 23 30|22 19 6 33 24|20 37 9 12
Multiple Job Status
Not working on multiple jobs | NS 30 3418 31 33 2905 15 11 14 30|32 21 13 36 10|27 17 19 22 23| 6 12 6 7 24|20 37 33 9
Working on multiple jobs 38 38 34 26 819 2119 29 10|30 & 15 18 4|32 27 39 22 23[17 13 14 35 31(11 12 24 37 6 (33 20 7
Census Region
South 4l 35 30 3928 18 11 6|21 14 34 & 3B|13 32 27 38 17|22 23 6 15 10f{20 1219 31 7|9 24 37 33
West 35 30 18 11 38 31 34 29 26|15 32 10 5 14|13 33 21 36 B (27 17 22 23 24(12 19 & 7 33[37 20 4
Midwest 26 35 31 30 15 38 39 36(23 5 1914 3221111813 8|27 1017 23 22(12 6 7 a 37 24 33 20
Northeast 16 4|34 15 35 30 19 & 39 21 31 32|36 14 10 27 13(29 17 22 23 24|12 37 33 20 11| 6 & 7 9
Day of the week
Saturday l3D 18|34 38 15 29 39| 5 36 21 37 1413 32 11 27 10[23 22 17 19 3112 24 8 7 6[20 33 9 [
Sunday 31 26 38 17|30 39 5 29 12|32 34 35 14 13)17 1910 18|27 21 15 22 23| 8 6 36 7 33|37 24 9 20
Holiday 19 4 3436 30(2439 9 33 7|8 311437 5(2313 6 103215 23 22 27 18(3a 17 21 1] 20 35 12
Season
Winter 26 3B 39(28 18 14 11 38({30 & 34 & 10|21 12 13 31 6 |27 36 15 23 32| 9 22 17 24 7|37 14 33 20
Spring 34 38 26 1916 B 21 29|18 14 30 32 8|39 38 13 10 27|22 11 31 36 23(17 12 20 & 7|37 33 24 4
Summer 38 4 31 30|34 36 18 19 15|29 32 14 5 35(11 13 33 21 171023 22 27 24|88 7 12 9 206 33 37 ||
Fall 35 439 86 18- 5 27 15[11 32 17 31 36|27 29 12 36 13|10 22 23 14-34 72024 7133 919 8
Survey Year
2003 4 30 35[0 35|23 39 19 14|15 34 18 21 36|31 32 & 27 17|12 13 22 2310011 & 37 6 9|7 20 24 33
2004 sl 0 25 1 39 34 6|31 10 14 13 12|32 28 B 21 27|36 18 17 23 18|24 22 38 & 20033 7 9 37
2005 386 26 34 30 4(18 18 37 38 B 11 249 39 10(15 14 21 27 22|23 17 13 32 12|36 37 24 33 B 20 89 7
2006 3415 3931 32 6 30 36 33 5 14 7(2910 8 18 19|12 20 21 27 23|22 13 17 11 38[37 24 9
2007 e 1320 11(16 27 39 21 7(?3 5 34 1417|1023 22 13 32|31 8 & 12 37 24 89 13
2008 3512 29(14 34 5 11 21|15 39 13 19 32|27 23 15 17(36 31 22 35 10/ 7 & 24 30 33(20 & 37 9
2009 38 6 34|21 365 4 32|10 30 35 5 3|33 13 & 31 22|27 23 23 11 14[17 12 15 24 19| 7 33 20 37
2010 31 26(29 35 39 37 5|9 36 21 15 10(17 14 30 38 32|27 18 23 13 22|11 7 190 8|20 33 12 &
2011 18 31011 8 3414 32[33 13 2917 19] 6 21 2?-22 5 2310 15 2635 36 37 20 9)12 7 33 24
.Wurking Socializing and Communicating .Grcoming
Travel .Sleeplesmﬂs .Television

Figure S7T—Waking activities short sleepers (< 6 h) spend more time on compared to normal sleepers (> 6 h and < 11 h) across sociodemographic categories
and on weekends and holidays (N = 63,630). Rank #1 is the activity with the largest increase in time. Activities are coded with the category numbers from
Table 1. Six waking activities are color coded instead. All For each stratum (e.g., 15 to 24 years old) and each of the 39 waking activities defined in Table 1,
a separate linear regression model with indicator variables for short and long sleep as the only predictors was run.
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Rank Order
Age [years] 1 Sh 10 15 20 25 30 35 39
15-24 18 19 24 38 35 12|37 34 39 36 8|10 331113 9|5 22-15 27123 32 4 17 7|2014 31 29 21| 6 26 30
25-34 12 29119 18 11 8 10(38 34 36 17 31| 7 35 39 22 14|27 29 32 156 5|23 3?13-9 an 33 26 30 A1 4 6
35-44 12 24135 11 20 358 8|15 10 31 34 33|13 18 22 38| 6 7 3217 B|E7 37 232919 39-14 9 30021 26 4
45-54 24 12 35171 20 33|18 3810 31 71513 3218 37|17 36 22 34 19| 5 27 14 23-38 9 30 29 21|26 6 4
55-64 24 (3 7 9 20 14|11 38 6 10(34 32 15 31 1918 12 17 22 39|13 36 27 5 23 37‘-33 21 29|30 26 4
65-74 B 33 7 2420 38 8143511 § 30 32 10 15 31-13 34 29 39(37 18 22 36 27(17 1912 5 23|21 4 26
=75 G 33 7 38 24-11 g 9 20 30035 39 37 15 10031 341413 A1 32 18 19 12(23 & 29 17 27|36 22 4 26
Sex
Female 12 18 24 7 b 38 20|35 33117008 141913 15|37 34 9 31 32|22 36 27 3817 B 23 29 30021 4
Male 24 18112 8 38 7 11[9 101915 33|34 32 17 36 3713 & 22 39 2¢ 23 20 35 1431 21 B 29)4 26
Race/Ethnicity
White 18 7 38 § 20|10 35 6 1115 9 37 14 3419 13 32 36 39|22 27 23&.1? 31033 29 21|30 26
Black 24 T2 B 7 33|38 20 3717 35011 9 31 39 7319 34 8 22 10|27 15 14 5|32 29 23 36 21|26 4
Hispanic 24 7 1119 8|15 33 38 3?13-1? 3414 10| 5 2223 B9 36 20 32 27|35 35 31 21 29|26 4
Asian 1219 7 35 18 24|38 11 6 16 37{13 1017 22 8|23 27 36 34 5-33 3239 20029 9 14 4 21|31 26
Other 24 33 20 11 19038 32 7 B 37034 31 14 13 30 1?-5 35 2204 36 27 10 15] 9 23 39 § 29/26 21
Education
Less than high schoal 18 19 7 12 B |38 3335 9 8|37 201513 35-11 1710 34|27 5 22 32 38|14 23 31 29 21|26 4
High school graduate 78 B 11|18 9 38 10 20{14 35 15 37 32|34 13 39 19-33 27 23031 2205 17 36 29 30|21 26
College graduate 3538 7 8 20010 11 1418 28] B 15 36 13|27 34 5 19 32|37 23 31 39 30029 9 17-33 21 26
Master's degree or higher 34 § 19 2418 77 38-22 37 31 29 36|20 39 1115 10032 2313 5 27| 6 14 30 33 9|26 4
Marital Status
Married 12 24135 38 & 11 7|15 14 10 20 18 39 031 32 34|33 3719 36 13|27 22 & 231?.29 9 B 30021 4
Divorced/Separated 24 8|12 20 3811|365 33 718 3|6 17 10 13 19|39 36 15 34 27|37 & 22 32 23 14 89 29 21|30 26
Widowed B 33 an 7 38 2409 3011 35 3410 8§ 1512 39-14-31 18|32 13 22 29 21|37 19 36 27 5|23 17
Never married 15 24 19 38 10 35011 34 & 37 9(3917 13 33 36|20 16 22 12 32|56 7 2?-31 23211429 4|6 26
Presence of spouse or unmarried partner
Spouse or unmarried partner present 12 2413511 38 8 10| 7 15 14 20 18]31 39 34 32033 37 19 13 36|27 22 1?- Fl23289 9 B 30|21 26
Mo spouse or unmarried partner present 18 24119 3338 708 3511 20 B[10 9 12 34 37(39 15 13 17 22 35-32 31 R |23 27 14 21 2914 30
Presence of Household Children
Ne children 24- 813836 71120 33 6 10 9(18 34 14 31 1915 13 32 39 37|22 35-23 2i112 517 29 21|30 4
1 child 18 12 24 P33 38 715)8 1019 77 3719 13 35 14 2z 5-35 27 23 34 32 2003821 2931 4|6 26
2 children 1z 18 24 73819 6|20 11 37 33 8|10 36 13 32 5|34 22 27 15 17[39 9 2314121 4 31 29 26 35
3 or more children 12 168 247 B - 3811 33 200 19 17[165 & 37 3422|910 & 36 27 13 14 32 39]23 26 29 36 31/21 30
Family income
< 525,000 18 24 E 7 3312 919 20 38 8 (171 15 37 10 35117 34 13 14 32|39 22 31-2? 5 23 36 21 29|26 30
$25,000 < $50,000 24 12|18 7 8 33 11| 6 1419 10 20|38 37 17 34|32 13 15 36|39 22 5 27 23|35 9 31 21 29|30 26
$50,000 < $75,000 12 24118 7 38 8 10|11 35 1915139 34 9 6 13|32 23 22 27165 36171420137 2921 31 26| 4 33
575,000 < $100,000 12 18|38 24 7 20 6| & 3311 10 3813 37 15 19 22|29 14 32 9|27 34 & 23 17(35 39 # 2114 26
$100,000 < $150,000 12 18 72438359 8 B 2015(13 3337141006 36 23 11 22|34 2?-32 21129 26 39 17 4|31 19
>5150,000 12 35|24 20 708 9|36 3917 11 13|31 29 22 32 142310 27 & 38 B 3726 43415 21-33 3018
Mo family income information available 24 18 12- 7 B 8 38|20 15 9 37111019 A 39-34 14 13 36| 6 32 27 17 2333 21 22 29 4|35 26
Employment
Private Sector employee 24 12| 7 11 8 35 10(31 15 33 34 18|32 38 22-3? 13 26 36 27 14|23 19 5 3817 9 21 29 20030 4
Government employee 24 12| 7 35 10 15(371 38 14 19 36 1‘\-34 22 18|37 5 39317 23|32 13 30 b 33|29 27 8 89 20|26 21
Self employed 24 ?-12 38 6 20 81110 9 39 35|33 156 34 22 18-21 37 32023 5 17 27 38|13 19 29 26 31|14 4
Employed without pay 12 6 B8 20|35 7 38 34-439 13 33|37 14 9 16 32)11 27 10 5 1718 19 23 29 36 30-22 31 24|26 21
Employed but absent from work 24 12 35| 6 g an v 91170 13|21 15 14 34 1737 38 23 32 22|15 19 37 27 36|26 33 5 4 39|30
Full time high school student 18 19 - 24 38 35 36|14 11 & 39 37|33 10 1?-2? B 22 9 2913(34 21 32 2315/7 4 31 B 12|26 20
Full time college or university student 18149 2412 7 35(39 10 & 35 3717 9 32 30 13|22 29 23 34 14 2?- B 36 433 B 15 31 21|26 20
Unemployed 1712 B 24| 7 200 33 11 s-ﬁaa 9 25 15 37 35/10 34 18 13 532 22 23 39[l27 4 36 19 21|14 29
Retired B 7 33 38|20 8 24-8 35 n 14130 31 39 32 15(10 37 3413 18 12 22 29 21|36 23 19 2?‘\?-5
Not in labor force 12 5 7 24|20 11 33 38 9-8 15 18]39 10 13 14 31|37 19 34 35)32 21-5 22|17 36 30 23 27]29 4
Multiple Job Status
Not working on multiple jobs 2412 18 7 38 8 11| 6 33 20 35 1019 9 15 34|13 37 14 32 22|36 17 39 31-2? B 2321 294 30
Working on multiple jobs 24 12| 8 738 1518 37 33 11 1013 32-23 27039 20 22 17 6(34 14 6 2919|3536 9 30 26|31 21
Census Region
South 24 18|12 38 7 8 33(19 &6 11 8 3510 20 15 37|13 34 17 22 36| 5 27 32 39 14 23-31 21 29| 4 30
West 2412 18 7 11 35 20019 8 10 38 34|37 17 32 22 381513-3514 5 2327 B33 31 9 29 30|21 26
Midwest 24 18 12 6 7 8§ 38 3310 9 14{15 31 20 19 3211 34 13 22 38 35-3? 27 B39 2317 21 29|26 4
Northeast 12 24018 7 20 11 38|18 33 9 10 B |14 39 15 13 32|34 17-3? 23 35 5 27 36|29 22 21 31 4(13 30
Day of the week
Monday 12 24 718 8 33 38|35 6 1419 11|20 9 34 10 13|22 36 15 32 29 3?-2?1? 23] 5 3921 31|30 26
Tuesday 18 12 7 & 11 35|14 3310 38| 9 15 20 32 13|36 31 22 2717|3914 & 23 37 34 6 21 29| 4 26
Wednesday 24 18 1238 8 6 1119 7 20 10016 37 9 13 34|22 39 33-31 233517 5 27032 14 36 30 21|29 4
Thursday -12 24018 7 8 35 3335 11 3151710 37 19 31 32113 B 39 36 14| 9 22 5 27 23 21 20 294 26
Friday 24 12 2n1s 7 8 38 331110 34]8 9 14 37 3639 13 32-5 35 27 2316 31022 17 29 21 19(30 26
Season
Winter 18 2411 6 7 8|38 20 19 35 10|13 14 32 37 39|36 34 23 1?-3315 2921 31 9 26 30
Spring 2412 1838 8 7 9011 20 3310 14|16 & 37 35|34 22 32 19 27 39 362317 29 31 214 26
Summer 2412 718 33 20038 & 6 11 35(9 1015 341317 14 37 327523 32-39 21 4|29 30
Fall 24 18 12 7 38 8 19 3311 351009 3416 31 6 (32 39 20 13 22 36 27|56 23 14 29 21|30 26
Survey Year
2003 24 718 8 38 33111920 6 10 9 15 31 39|36 13 22 32 34 35 23(27 17 21 14 29|30 4
2004 18 7B 38(35 331110 34113 39 9 31 8|20 1417 2315 36 & 3729 21 26|19 30
2005 24 18 12 33 7 8 38|11 35 20 10 15|13 22 37 14 34|32 & 23 393k 27 5|9 31021 29|30 4
2006 24 12 ¢ 31 B8 116 10 9 38 19|35 20 37 26134 15 13 14 27 17 5|22 32 39 33 21|29 4
2007 24 12 18 32008 9|7 6 10 33 19|15 32 35 37 13|22 34 36 23-31 14139 29 21 17|30 26
2008 2412 18 B 7 11 20033 8 14 38 1019 3617 9 3?-39 35 321527 23|13 29 11 A 4 30
2009 24 18 78 12 11 33|38 2014 3?1514-13 34117 32 3 10 5 36 35|23 9 21 29 26|31 4
2010 12 18 24 35 33 9 10(11 34 35 G158 31 7 37 32|20 6 19 2713 5 14 1?-23 4 21129 30
2011 12-15 24 35 1918 11 38 9 1417 10 13 20 1537 34 32-2? 22 5 233929136 6 3321 4(31 30
.Working Socializing and Communicating .Grooming
Travel .Sleeplessness .Television
Figure S8—Waking activities long sleepers (= 11 h) spend less time on compared to normal sleepers (> 6 h and < 11 h) across sociodemographic categories
and on weekdays (N = 60,887). Rank #1 is the activity with the largest decrease in time. Activities are coded with the category numbers from Table 1. Six
waking activities are color coded instead. For each stratum (e.g., 15 to 24 years old) and each of the 39 waking activities defined in Table 1, a separate linear
regression model with indicator variables for short and long sleep as the only predictors was run.
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Age [years] 5 15 20 25 30 35
15-24 24 20 35 3?121911 38 34 30 15[ 8 36 7 16 33(21 14 B 39 26 9.10 29 13[32 22 17 23 27
25-34 24 20 8 35 76 343811 3715 30 9 3918|3626 33 31 19|29 22 21 51710 32 27 14
35-44 12 2417 20 8 38 359 6 11 33(30 3715 31 3410 36 1419 2113 32 18 25-22 17 5 39 23
45-54 24 20 9 33 8 35(11 B 12 38 7|34 37 15 10 36|31 30 13 38 1914 18 & 22 21|32 17 27-23
55-64 24 33 7' 935 20 38 11 14(34 15 30 10 36|32 31 13 39 12|37 22 & 27 18 23-29191?
65-74 33-8 ? 24 20 11 38 31 35( 6 14 37 15 30|32 39 34-101813 519 17|27 23 22 4 12
=75 724 9 11137 30 38 8|20 34 39 26 1035 15 29 32 36|14 13 18 17 5 [27 22 19 23 12
Sex
Female B 24| 7 33 2012#3?11 38 9 81|35 15 14 34 30|10 39 26 36 13 32-21 5 18|22 17 27 23 A
Male 24 89 3312 7 3g[z0 11 35-6 15 34 37 26 10|36 18 14 32 13|31 21 22-2? 232817 6 4
Race/Ethnicity
White 24 33012 7 B 20 9 37 11 38|35 15 34 14 36|10 26 39 32 13|18 21 22-2? 5 2317 29 31|30 4 19
Black 24137 e 7 3812 26 8 3334 9 11 3 3/ 1815 513 14 36 22 10(32 17 27 23 30|29 3919 4
Hispanic 724 G 12 37 20038 8 15 11 33|26 9 34 39 14|19 31 35 10 21|36 2 1g 17301322 5 27|23 4 29
Asian 7 E241233203?382611-91?30133510'\821 1415 29 22 4 b5 39(27 23 32 34 35| 8 31 19
Other 24 7l20 26 9 12 3011-8 31 34(19 15 6 3?18-3813 21 325 29 22 17 2?-23 39 4 33|14 36 10 38
Education
Less than high school - 7124 B 28%. 9 06 2012 33|36 15 11 14 36|34 18-35 010 32 38 5 13{22 21 27 29 17|23 4 3119
High school graduate 24 33|67 8 2009 37 11 38 35[12 15 26 34 14|39 10 30 13 32(36 18-21 5|22 17 27 23 31|29 19 4
College graduate 12 24- 9 20 7 33|38 8 6 11 35|37 34 15 14 10|31 36 30 39 18-13 21 2B 32|22 29 23 27 17| 5 19 4
Master's degree or higher 12 24[35 20 38 9 & 11.33 34 7 (30 37 6 10 15|36 14 32 13 18|22 21 17 23 28|27 & .31 39)14 26 14
Marital Status
Married 24 33112 9 ?-B 6 20 36 11 35|34 15 37 14 30|36 31 10 32 39|26 13 19 16 22|21 5 17 2?-23 29 4
Divorced/Separated 24 33(20 E 7 8-11 9 35 12|38 37 15 34 14|31 10 39 18 36|26 32 05 1317 22 27 30 23|21 2919 4
Widowed 33 24 20 38|11 37 9 7 30(6 1439 34 10|35 15 29 19 12 1318 26 B (21 17 27 22 23|31 36 32 4
Never married 24 20 35 33 37 B|7 11 3812 9|6 34 26 156 30|18 36 39 21 10 29 32 22 1917 13 14 27 6|31 23 4
Presence of spouse or unmarried partner
Spouse of unmarried partner present 24 33112 79 & 20 B 38 11 35|34 37 15 14 30|31 36 10 32 39|26 13 19 18 22|21 5-2? 17123 29
Mo spouse or unmarried partner present 24 33 5-20 7 371138 9 8|26 35 15 12 34(39 10 14 18 30 35-21 29 32|13 22 17 27 &5[23 3
Presence of Household Children
Mo children 24 33(z0 7 9- G 11 37 35 35|15 14 34 26 30(10 39 32 13 36(18 31-22 1|6 17 27 23 12|29 18
1child 12 24(6 7 20 8 33 38 11 35|37 34158 361014 25 2 18.2213 B 32 17|27 23 29 30 439 A
2 children 24 7B 20 8 38|49 11-33 34|37 15 26 35 36|21 10 18 32 17 13 38 22 2715 14 23 4 29|31 18
3 or more children 7124 B 36 37 633 20 9 11-34 15 36 10 32 13-31 10 22014 5 4 23 2617 27 21 39 29]35 19
Family Income
<525,000 -24 73326376 3812 9 2008 11 34 14 39151918-30 510 32 21 31|22 27 17 36 13[23 29
$25,000 < $50,000 33 24| 7 8-9 538 37 11 12 20[1% 26-14 34|13 39 32 10 18|35 5 36 22|17 27 23 31 29|30 19
$50,000 < $75,000 24 7(3312 6 20 8 9 3511 38|37 15 34 10 14|36 13 30 38 32|18 21 5 22|17 23 26 27 29|18 3
$75,000 < $100,000 24 12 e 7 o6 9(33n 38-35 30015 10 37 14(34 21 36 32 39(13 22 26 2801817 27 23 4|5 I
$100,000 < 150,000 12 620 9 2433 7 8 11 37 38|34 15 36 10 35|32 21 13 (22 14 5 23 272917 18 31 4|26 30
> §150,000 12 B 7249 33 8|20 11 37 3510 38 36 15 26(18 32 21 14(22 13 39 27 523 17 31 29 30134 14
No family income information available 24 71336 9 -20 12 8 11 37 38 35 26 34 15014 31 32 10 36013 21 1§ 22 17 b 27 23 29[39 4
Employment
Private Sector employee 24 12- 69 20 7|4 333035 11|37 3415 14 10|31 26 36 19 39|21 13 18 32 22 29 2717 23|15 30

20 24(12 8 733|365 1138 3 6|37 15 34 14 36[10 19[ll 33 31|21 13 22 29 26|18 & 17 23 27{32 30
24 9 7012 33 1138.8143435302036313210155133918542921232?1922 17 37
g 33|24 20 37 12 -36 39 30 3415 14|21 26 31 4 B (17 18 19 22 23|27 29 32 13 35| 9
zq 20|12l 11 33 35 7 36 14 34 15 30|16 31 29 13 32| & 22 23 27 39|26 21 17 10 38 19 4
35|38 37 20 24 30 18 343 11 12|33 7 15 8 396 21 1o 29|14 5 13 27 19|32 23 22 17 4(26 9
20 15(24M 30 & 12{11 183537 8(39 7 36 9 21 13 2210 26| 5 27 23 15 38|14 32 17 29 433 34
24 5 33| 7 8 9 201217 M 31 34 38 16 36 26 13 37 19 18|36 39 21 10 32|l 22 5 23 27|29 4
33 6|7 24- 9 8|38 20 11 35 37|30 34 39 15 31|14 10 32-18-36 2913 27|86 2317 1812|122 21
11 30

7 B |24 33 20 37 38| 9 26 & 16 14[35 32 10 34 31(36 19 13 39 & 221?-2? 23121 18

Government employee

Self employed

Employed without pay

Employed but absent from work

Full time high school student

Full time college or university student
Unemployed

Retired

Not in labor force

w

Multiple fob Status
Not warking on multiple jobs 243307 6 1220 9| a1t 38 37|35 15 34 26 14|10 36 32 13 39|18 21 22 5|17 27 30 23 31|29 4 19
Woaorking on multiple jobs 7 24 12- B 20 9 38)8 11 33 37 14 3429 18 15)70 37 36 35 39|32 22 13 27|15 23 4 21 17|30 19 26
Census Region
South 24 33|67 20. al12 38 8 37 11|35 15 34 14|31 26 10 32 30|36 13 158 39 21|22 17 5 [l 23|27 23 19 4
West 24 73312 9 638 11 8 20 35|37 26 15 34 1039 14 36 32 15]13 21 2z [l 27| 5 17 30 23 31(23 4 13
Midwest 243312 7 6 20 9 37 6 34 38|11 15 14 36 36(10 18 30 21 [l 32 22 39 26 13| 5 27 23 17 31(29 4 19
Northeast 24 B1233 7 20 89 11 38 37|26 35 15 10 13[14 36-39 29132 5 27 22171231834 21 4|31 30 19
Day of the week
saturday 24 62012 8 9 7|33 11 38 35(34 15 14 36 10(37 13 39 18 32|21 31 22 5 26 23 27 30 17|19 29 4
Sunday 33 24|37 ?ﬁ-ﬁ 6 38 11 8 20|26 15 35 10 34|14 33 32 36[18 13 17 21 27|22 & 23 23 31|30/ 4 13
Holiday 7 6{24 12 8 33|11 9 26 20 37|MM 10 35 15 38|17 13 18 36 27 5 2229 32(23 1419 4 30(21 31 34 39
Season
Winter 24 B33 7 1220 38 8 11 9 37|35 15 34 10 14|36 32 [l 30 39|26 13 22 18 5 [17 21 31 29 23|27 19 4
Spring 24 9033 7 12 6 8|38 20-3? 11115 35 14 34 26|10 36 32 13 39|21 18 22- 5[17 23 27 31 29(30 4 19
Summer 243319 B 7 2012 & 37 11 26|38 34 30 15 10|35 14 32 13 13|21 [l 22 36 17(27 23 23 39 5|4 31 13
Fall 2433|712 8 20 6 11 36 35 37| 9 3415 36 39|74 18 13 31 10{26 21 & 22 2?-32 231?-4 29 19 30
Survey Year
2003 2433012 9 7 8 20{6 35171 15(37 34 35 14 36{10 39 26 30 13|32 [ 17 22 5|27 18 23 21 29| 4 31 19
2004 243398E-?20383?112612153534183214133621103922 31|27 2317 5 3002919 4
2005 B 24 703312 20 4 8.11 35 38|37 14 34 15 31|10 18 13 36 32|21 39 4 22 27 5 26 23 17|30 29 19
2006 243312 7 8 20 9N 3035 6 (37 15 34 10 26(18 36 14 39 13|32 21 22 4017 5 23 29 27{18 30 7
2007 3324(6 7 9 8|12 20 38 37 11|26 10 34 14 32|15 30 23 21(39 22 5 18 17(31 27 13 35 23|36 4 19
2008 24 20(12 37 7 33)11 9 8 [ 6|35 38 14 26 10{34 36 13[MM 15|32 31 39 22 27|21 18 17 23 5|29 30 4 19
2009 B 247 12 33 20 38|11 9B3?3415142632183910351?3031-225212?23132935419
2010 2412|7 33 6 9 20 37 8 38 11|35 26 15 14 10|36 5 13l 21(34 30 22 18 39(27 23 32 23 17[19 31 4
2011 24 7|6 331220 9 & 35 35 11 15-34 36 31[37 39 32 13 17|21 30 22 10 23| & 2?18-14 29 4 1928
.Working Socializing and Communicating .Grooming
Travel .Sleeplessness .Television

Figure S9—Waking activities long sleepers (= 11 h) spend less time on compared to normal sleepers (> 6 h and < 11 h) across sociodemographic categories
and on weekends and holidays (N = 63,630). Rank #1 is the activity with the largest decrease in time. Activities are coded with the category numbers from
Table 1. Six waking activities are color coded instead. For each stratum (e.g., 15 to 24 years old) and each of the 39 waking activities defined in Table 1, a
separate linear regression model with indicator variables for short and long sleep as the only predictors was run.
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Figure S10—(A) The effect of work start time on sleep time stratified by age: 15-34 years (N = 9,252), 35-
54 years (N =19,199), and = 55 years (N = 6,806). (B) The effect of class start time on sleep time stratified
by full-time high school student (N = 2,032) and full-time college/university student (N = 625). Error bars
represent standard errors.
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Figure S11—Relationship between average work time (ordinate) and average sleep time (abscissa) for the survey years 2003 to 2011. The analysis was
restricted to weekdays (N = 60,887). The left panel shows an analysis based on all respondents, while the right panel shows an analysis restricted to
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Figure S12—(A) Prevalence of being a full-time student, employed, or neither a full-time student nor
employed (other) depending on age. The prevalence of employment was similar to the prevalence of being
a full-time student between 19 and 21, but exceeded the latter for ages 22 and above. (B) Average sleep
time is shown for full-time students, employed respondents, or respondents who were neither a full-time
student or employed. Sleep time decreased with age, with a more prominent decline for subjects 20 and
older. Average sleep time was similar between full-time students and workers across all age groups. Those
who did not work or attend school/college/university averaged more sleep. Both figures show unadjusted
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Figure $13—Time spent in six different leisure activities depending on age (A) and survey year (B). Watching TV was the dominant activity across all ages.
Time spent watching TV and reading increased steadily for > 45-year-old respondents. The time spent in the different leisure activities remained relatively
stable across survey years. Although it increased slightly in the period 2009-2011, computer use for purposes other than playing games accounted for less
than 30 min per 24 hours on average. Both figures show unadjusted results based on weekday data.
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