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Background: Sunlight has been linked the circadian rhythms that regulate sleep. Few studies have attempted to provide estimates
on the size of the “daytime sleeper” population. Specific aims: Estimate prevalence of daytime sleepers in the labor force
population and identify which demographic characteristics are risk factors for daytime sleeping.

Methods: Cross-sectional, community-dwelling, nationally representative, observational study used information on 6,405,063
labor force participants representing 132,682,344 individuals in the contiguous United States. Data from the American Community
Survey (ACS), Public Use Microdata Sample (PUMS), 2009-2013 (5-year) file was used to identify daytime sleepers (i.e., those
who arrived at work between 7:00 PM and 2:59 AM).

Findings: While nighttime sleepers represented 65.9% (n = 87,426,814) of those in the labor force population, daytime sleepers
represent 3.3% (n = 4,344,311). Race-ethnic minority status, being disabled, and having low levels of educational attainment
were found to be risk factors for daytime sleeping.

Conclusions: Even though relatively small, the objectively large (=~ 4.3 million) number of daytime sleepers requires sleep
research to invest resources in understanding how health varies in this population relative to those who primarily sleep in the

absence of sunlight.
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1. INTRODUCTION

This investigation uses conceptual frameworks and tech-
niques from social demography and epidemiology to esti-
mate the prevalence of daytime sleeping in the community-
dwelling population of the United States (US) who partic-
ipates in the labor force. Under the empirically-informed
assumption that sleep habits have the potential to influence
population health, the multidisciplinary approach in this anal-
ysis aimed to inform public health on the prevalence of and
risk for daytime sleeping. This is important because scien-
tific investigations have suggested sleep is influenced by two
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general physiological systems: sleep/wake homeostasis and
the circadian clock."'] Homeostasis, as a restorative process,
drives the balance between sleep and wakefulness. The cir-
cadian rhythm contributes to sleep patterns by regulating the
timing of periods of sleepiness and wakefulness throughout
a 24-hour period.””! For some people, the circadian rhythm
begins to decline a few hours after sunset (e.g., 10:00 PM)
and to increase during sunrise (e.g., 7:00 AM)."*!

The circadian rhythm has been found to be associated with
behavior, physiology, and biochemistry for most living sys-
tems./?! Sunlight exposure is important because the circadian
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rhythm may be influenced by eukaryotic and prokaryotic
organisms — which are influenced by light and temperature
in the environment.?! Consequently, it may be that daytime
sleepers, because they attempt to sleep during sunlight hours,
are at greater risk for adverse health outcomes induced by
sleep abnormalities. Sunlight has played a key role in the
evolution of life on earth. As a result, most humans syn-
chronize their circadian clock to the “solar day”.*! Sunlight
exposure is considered an important environmental cue capa-
ble of resetting the circadian rhythm within an individual’s
endogenous “day” cycle.!

Since the invention of the artificial lighting that more read-
ily allows being awake without sun-stimuli, the 24-hour
light-dark cycle in nature has been altered. Being exposed
to “irregular light environments” has been associated with
sleep pattern alterations that may lead to mood and cognitive
deficits.[*! Deep and prolonged sleep may be more difficult to
achieve during sunlight hours when sounds and atmospheric
temperature are higher.!®’ Working during the night means
individuals must sleep during sun-filled hours. A recent re-
view of the literature found sunlight may influence quality of
sleep by affecting brain alertness.!”) Thus, working during
the night means individuals must sleep during noise-, warm-,
and sunlight-filled hours. If sleeping during sun-filled hours
is capable of altering the physiological equilibrium of cir-
cadian or ultradian rhythms, then estimating the prevalence
of and risk for being a “daytime sleeper” is important. It
may be that daytime sleepers are at greater risk for adverse
health outcomes associated with diseases processes partially
induced by sleep abnormalities (e.g., cardiovascular health).
The specific aims of this multidisciplinary study were to es-
timate the prevalence of daytime sleepers and identify risk
factors for being a daytime sleeper.

2. PARTICIPANTS & METHODS

The analysis used information on individuals from the Ameri-
can Community Survey (ACS) Public Use Microdata Sample
(PUMS) 2009-2013 (5-year) file. The ACS is a nationally
representative survey study conducted by the US Census
Bureau. PUMS files are available to anyone with an inter-
net connection and their use does not require IRB approval.
Because the ACS is meant to provide estimates of the popu-
lation, every inhabited housing unit in the US is theoretically
given an equal chance of selection in the ACS. The US
Census Bureau, the federal agency charged with administer-
ing the ACS, does not obtain consent as participation with
the survey is framed as being legally mandated of all US
residents. The sophisticated sampling,'® validity,” policy
value,!'%" and high quality of ACS PUMS files have been
discussed before.[''l From the 15,450,262 observations in
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the microdata, 8,927,386 (58%) resided in the contiguous US
and reported participating in the labor force. After retaining
those with responses on the items identifying their approx-
imate time of sleeping, a total of 6,405,063 (41%) actual
observations were retained for the current analysis. After
population weights were applied, these were said to represent
132,682,344 community-dwelling labor force participating
individuals within the US mainland who did not work from
home during the five-year survey period.

Potential sleep times were identified by creating four work
shifts using information from the time of arrival at work
composite variable in ACS PUMS file. The time of arrival
to work variable was estimated by answers provided to the
following two questions: “What time did this person usually
leave home to go to work last week?” and “How many min-
utes did it usually take this person to get from home to work
last week?” The US Census Bureau collects information
on commuting patterns in order to help inform public tran-
sit agencies, metropolitan planning organizations charged
with managing traffic problems, police and fire departments
needing to estimate population-traffic densities to plan for
emergency services. This is the first analysis to use commut-
ing responses to estimate the daytime sleeping population.
Novel approaches may provide unique insight.

Three general assumptions were made: most work shifts last
about 8 hours; most people wake up about 1 hour before
work; most people start sleeping about 3 hours after leaving
work; and most people sleep about 7 hours per-day cycle.
The assumptions are not guided by empirical evidence; how-
ever, we will provide a discussion on how multiple combina-
tions (using slightly different assumptions) yielded the same
set of findings and how future research could help establish
empirically informed assumptions about average behavioral
patterns before and after waking. Daytime sleepers were
identified as those who arrived to work from 7:00PM to
2:59AM. Thus, 7:00 PM arrivers are estimated to start at-
tempting sleep at around 6:00 AM (1:00 PM) and 2:59 AM
arrivers to start attempting sleep at around 1:59 PM (and
rise at 8:59 PM). Mix-evening sleepers are those who are
estimated to have arrived to work from 3:00AM to 6:59AM,
nighttime sleepers (presumably the group with the most “nor-
mal” circadian rhythm) are those who arrived to work from
7:00 AM to 2:59 PM, and mix-morning sleepers those who
arrived to work from 3:00 PM to 6:59 PM.

Estimates on the prevalence of non-US-citizens, disability
status, ability to speak English not well or at all, marital
status, having a high school education and below, and being
in-poverty were provided for each of the four work shifts.
Poverty status was measured using the Income-to-Poverty
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Ratio (IPR) variable in the data. The IPR captures how to-
tal family income compared with the federally established
“poverty thresholds” for the family type. For example, in
2013, the poverty threshold for a family of four was $23,550.
Race-ethnic groups were also stratified by work shifts using
the following groups: Non-Hispanic-White; Non-Hispanic-
Black; Non-Hispanic-Other; Hispanic of Mexican-origin;
and Hispanic of non-Mexican-origin. The coding of all these
variables is customary.l®-!!l Race-ethnic minority status,
disabled status, and educational attainment are included as
covariates in our exploratory analysis as these have been
frequently found to help explain health disparities.

Although the distribution of the 6,405,063 unweighted counts
is provided by work shift to estimate approximate hour range
when person attempts to sleep, only population-weighted es-
timates of prevalence and estimated risk for being a daytime
sleeper are provided. Because between-group comparisons
were not of interest in the investigation, the statistical sig-
nificance of the difference in prevalence of daytime sleep-
ers between the different groups was not ascertained in the
population-weighted analytic sample of 132,682,344 individ-
uals. Because of the very large sample size, most compar-
isons would be inferred to be statistically significant at the
< 0.05 level using the frequentist approach to statistics. The

SURVEYLOGISTIC procedure in SAS®) 9.3 was used to
estimate how different demographic characteristics were as-
sociated with the likelihood of being a daytime sleeper versus
being a mix-evening, night, or a mix-morning sleeper. Nei-
ther a stratum nor cluster variable was used and “PWGTP”
was the weight variable in the population-weighted multivari-
able logistic regression.

3. RESULTS

From Table 1, we see daytime sleepers only represent 3.3%
(n =4,344,311) of the population in the labor force. The vast
majority of individuals are nighttime sleepers 65.9% (n =
87,426,814)—the group which is presumed to be at lowest
risk for sleep abnormalities induced from sunlight stimuli.
Daytime sleepers have the highest prevalence of disability
(6.6%). They have the lowest proportion (53.8%) with a
high school diploma or below but the highest prevalence of
poverty (20.3%). Non-Hispanic-Blacks (19.8%) are overly
represented in the daytime sleeper group. In contrast, night-
time sleepers have the largest proportion with some college
or beyond (69.5%), lowest prevalence of disability (4.9%),
lowest prevalence of limited English language proficiency
(4.1%), and largest concentration of Non-Hispanic-Whites
(67.6%).

Table 1. Unweighted and population-weight counts and demographics

Starts Work Starts Work Starts Work Starts Work
7 PM-2:59 AM 3 AM-6:59 AM 7 AM-2:59 PM 3 PM-6:59 PM
Day Mix-Evening Night Mix-Morning
Sleepers Sleepers Sleepers Sleepers
Unweighted 200,542 1,568,122 4,235,305 401,094
Population-weighted 4,344,311 32,069,170 87,426,814 8,842,049
Non-US-Citizen 9.6% 9.7% 8.5% 9.4%
Disabled 6.6% 5.7% 4.9% 5.4%
Speaks English not well/atall ~ 5.1% 6.1% 4.1% 5.0%
High school or below 53.8% 54.5% 69.5% 54.4%
In-poverty 20.3% 13.5% 13.6% 25.9%
Non-Hispanic-White 61.0% 66.1% 67.6% 59.9%
Non-Hispanic-Black 19.8% 11.2% 10.0% 13.0%
Non-Hispanic-Other 6.6% 5.4% 7.9% 7.6%
Hispanic-Mexican-Origin 8.9% 12.4% 8.5% 11.6%
Hispanic-non-Mexican 5.3% 5.5% 5.8% 6.1%
Age<24 16.5% 9.8% 11.8% 38.0%
Age 25-44 44.6% 42.9% 44.9% 36.7%
Age 45-64 35.5% 43.5% 38.7% 22.4%
Age > 65 3.4% 3.9% 4.5% 2.9%
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Table 2 shows regression results. The population-weighted
multivariable regression modelled the likelihood of being
a daytime sleeper versus all other conditions (i.e., mix-
evening, night, and mix-morning sleepers). In terms of race
and ethnicity when compared to the majority group in the
US (i.e., Non-Hispanic-Whites), Non-Hispanic-Blacks had
higher odds (OR =1.93; a < 0.001) of being a daytime sleep-
ers. In similar manner, Non-Hispanic-Others (OR = 1.26; «
< 0.001), Hispanic-non-Mexicans (OR = 1.12; o < 0.001),
and Hispanic-Mexican-Origin (OR = 1.06; o < 0.001) had
higher odds of being a daytime sleepers than Non-Hispanic-
Whites. These findings suggest race-ethnic minority group
members may be at greater risk for experiencing abnormal
sleep patterns relative to Non-Hispanic-Whites.

Table 2. Population-weighted multivariable logistic
regression results

OR" LcL? ucL'

Non-Hispanic-White 1.00 Ref Ref
Non-Hispanic-Black 1.93 1.90 1.96 Hxk
Non-Hispanic-Other 1.26 1.24 1.29 xRk
Hispanic-Mexican-Origin 1.06 1.03 1.08 HEE
Hispanic-non-Mexican 1.12 1.09 1.15 Hxk
Female 0.70 0.69 0.71 HoHE
Married 0.77 0.76 0.78 ok
Non-US-Citizen 0.93 091 0.96 ook
Disabled 1.25 1.23 1.28 ok
High school or below 1.49 1.47 1.51 ok
English not well/at all 0.96 0.93 0.99 *
Age 0.99 1.00 1.01 HEE

#p < .05; *¥**p < 001
2 0dds ratio= e®; *95% Wald lower confidence limit; T 95% Wald upper confidence limit

4. DISCUSSION

The interdisciplinary investigation used conceptual frame-
works and techniques from social demography and epidemi-
ology to estimate the prevalence of daytime sleeping in the
community-dwelling population participating in the labor
force of the US. Results indicate daytime sleeping is preva-
lent in about 3.3% (n =~ 4,344,311) of individuals in the labor
force within the US mainland. Those of race-ethnic minority
status, disabled status, or with low educational levels were
found to be at risk for being daytime sleeping. These find-
ings can inform the sleep health literature by showing that
even though only 3.3% of the labor force population in the
US (n = 132,682,344) was made-up of daytime sleepers,
variance in risk for being a daytime sleeper was explained by
demographic factors (e.g., race-ethnicity). Research should
continue to identify social determinants of sleep abnormali-
ties in order to better inform clinical practitioners and policy
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makers on the characteristics of vulnerable populations.

There are limitations with this study. For example, empiri-
cal methods should be used to determine if the assumptions
on how people work and sleep (most work 8 hours, wake
up about 1 hour before work, sleep 3 hours after leaving
work, and sleep 7 hours) are representative of the labor force
population in the US. Although not shown here a complex
algorithm was created to produce all possible combinations
(2%x2x2x2=16) of these assumptions by + 1 hour and the
results remained the same. The study is also limited in that
it only measures potential daytime sleeping in the last week
of work. Future studies should investigate how labor force
participants enter, remain, and/or exit night-time working
over longer periods of time.['>!3] In addition, disability is
measured as a non-specific dimension — i.e., without regard
to type and severity. Future work should explore is disaggre-
gating disability by type and severity to help inform this line
of research.

The study is also limited in that it did not account for the oc-
cupation!'*! of the daytime sleeper — although educational
attainment was included. The absence of occupation in the
explanatory variables is a notable issue because, together
with working part-time or full-time, certain occupations may
have an over-concentration of persons from socioeconomi-
cally disadvantaged backgrounds. Should occupation turn
out to be the driving force differentiating individuals, it may
suggest the real predictor is occupation. Future work should
explore using available occupational categorization variables
in the ACS PUMS file. In addition, research should continue
to explore if there is a causal relationship between daytime
sleeping and adverse health induced by sleep-related abnor-
malities. In addition, attributes of the sleeping environment
— including the home structure and surrounding neighbor-
hood—are likely to play a role in quantity and quality of
sleep. No attempts were made to include environmental mea-
sures. Although ACS data can only be geographically ref-
erenced to the Public Use Microdata Area (PUMA) geogra-
phy,!'>) PUMAS are for the most part very large and complex
polygons.!'%! The geographical attributes of PUMAs would
render measurements of “environmental exposures” difficult
to interpret in the likely presence of spatial mismatch.

5. CONCLUSION

Notwithstanding limitations, the investigation uses more than
6.4 million observations to generalize findings of prevalence
and risk for daytime sleeping to 132.7 million people. The
investigation is novel in that it uses the largest survey study
data available in the US to infer the size of the population at
risk for potential sleep abnormalities including those attempt-
ing to complete most of their sleep during sunlight hours.
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The study is creative because it uses information on work
commuting patterns to estimate the number of people who
work during the night and sleep during the day. The findings
support previous work highlighting that socioeconomically
vulnerable populations (e.g., Non-Hispanic-Blacks) may be
at greater risk for sleep abnormalities,!'’~'"! a sub-group of
individuals known to have greater environmental stressors

throughout the lifecourse.?°2?! Sleep research should con-
tinue to study the relatively small (= 3.3%), but objectively
large (= 4.3 million), understudied population of individuals
who attempt to complete all their sleep during sunlight hours.
This group of sleepers may provide unique insight on how
sunlight, daytime noise, and atmospheric temperature play a
role in the etiology of disease over the lifecourse.
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