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Abstract

Objectives: Insufficient sleep has become recognized as a pervasive problem in modern society.
Sleep debt is a novel measure of sleep adequacy that may be useful in describing those at risk for
inadequate sleep. Our objective was to investigate factors that may be associated with sleep debt at
the population level, as well as build upon previous data that showed that minority groups may be
more likely to have sleep debt.

Design: A cross-sectional population phone survey included questions regarding amount of sleep
required and amount of sleep achieved. Sleep debt was calculated by subtracting sleep achieved
from sleep required.

Setting: This study was designed by the Philadelphia Health Management Corporation and
conducted over landlines and cell phones.

Participants: 8,752 adults over age 18 were randomly chosen from several counties in and
around Philadelphia by the Random Digit Dialing methodology and answered questions about
sleep.

Measurements: Logistic regression was performed to test associations between sleep debt and
various sociodemographic factors in different population subgroups to identify those at risk for
sub-optimal sleep duration.

Results: Sleep debt was seen to decrease with age, a novel finding that is in contrast with
literature suggesting that older adults have poor sleep. Greater sleep debt was also associated with
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female gender, Hispanic/Latino ethnicity, <40 years of age, self-reported poor health, and
increased stress.

Conclusions: Although older adults may sleep less as they age, they may also require less sleep
to feel rested, resulting in less sleep debt. This and other demographic factors, such as female
gender and Hispanic/Latino ethnicity, can be used to identify those at higher risk of inadequate
sleep and potentially manage their sleep debt.
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Introduction

Accumulating evidence has shown that chronic sleep deprivation and insufficient sleep have
become pervasive in modern society.1 The National Sleep Foundation sleep duration
recommendations were updated in 2015 to reflect current understanding of sleep
requirements in different age brackets. Although they concede that some people may fall
outside the guidelines, the majority of people should fall within the recommended 7-9 hours
for healthy adults.® This is further supported by a consensus statement from the American
Academy of Sleep Medicine and Sleep Research Society, which states that healthy adults
should sleep at least 7 hours per night to promote optimal health.8 The common occurrence
of insufficient sleep and the risks associated with it makes it a major public health issue. For
example, insufficient sleep has been linked to poor health, motor vehicle accidents, poor job
performance, obesity, diabetes, cardiovascular disease, depression, and morbidity.347:8 Job,
economic, and domestic pressures as well as unhealthy behaviors, artificial lighting, and the
widespread use of electronic devices such as smartphones, computers, and televisions are all
contributing factors to insufficient sleep. Other causes of sleep disturbances include medical
and mental disorders.24

In addition to these factors, there is a strong relationship between sleep duration and
socioeconomic position as well as sociodemographic status. Poor sleep is associated with
low income and poverty.9-11 Jackson and colleagues found that socioeconomic factors
appeared to partially explain the association for short sleep in African Americans.1? Ertel et
al investigated the interaction between socioeconomic status, occupational factors and
ethnicity on sleep duration using wrist actigraphy. They found that night work, total work
hours, and male gender were salient predictors of shorter sleep duration in African and
Caribbean immigrants.13

Sleep debt is a measure of sleep adequacy calculated by subtracting the average duration of
sleep achieved from the duration of sleep needed to feel rested. Sleep debt is thought to
accumulate over multiple nights of insufficient sleep and can have negative consequences
over time.1# With polysomnography, duration of sleep achieved can be determined
objectively, but for this study, both of these values were subjective. Duration of sleep needed
to feel rested is a value that is likely different for everyone. We decided to investigate sleep
debt at a population level to describe which portions of a community might be more affected
by it. Our goal was to describe population variation in sleep debt using common, self-
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reported demographic variables. We hypothesized that certain minority groups would be
more likely to have sleep debt, based on an earlier study by our group.10

The Philadelphia Health Management Corporation (PHMC) is a non-profit institute that
focuses on community health. PHMC administers an uncompensated, cross-sectional
community survey in southeast Pennsylvania, with the most recent survey available for
analysis conducted in 2008. A survey that took place in 2006 found that poor sleep quality
was strongly associated with poverty and race and that African-American and Latino groups
had worse overall sleep quality than the Caucasian groups.1? The 2008 survey focused on
sleep duration and awareness of sufficient sleep on an individual level. We examined this
dataset to statistically test associations between sleep debt and various sociodemographic
factors.

The Philadelphia Health Management Corporation (PHMC) conducts a cross -sectional
community health survey in southeastern Pennsylvania periodically. The survey data used
here was conducted between June and October 2008 by a market research firm based in New
York City. The methods for the PHMC have been previously described.10 Briefly, 10,000
households residing in the Bucks, Chester, Delaware, Montgomery, and Philadelphia
counties were chosen by Random Digit Dialing to participate in telephone interviews given
in either English or Spanish. Interviews averaged 24 minutes. Response rates were not
provided in the PHMC dataset, but samples from each county were found to be
representative of the population of the counties. One adult 18 years of age or above was
selected from each household using the “last birthday” method, meaning if there was more
than one adult in the house, the adult with the most recent birthday was chosen to survey.
Permission from the PHMC was obtained before analysis of this dataset. This study received
approved from the University of Pennsylvania Institutional Review Board.

Measurements

Three sleep questions were included in the 2008 PHMC survey: 1) Quality of sleep: “In
general, how would you rate the quality of your sleep in the past week on a scale of 1 to 5,
with 1 being restless and 5 being restful”; 2) Duration of sleep: “In general, how many hours
of sleep do you get at night? This may be different than the number of hours you spend in
bed”; and 3) Estimated sleep need: “How many hours of sleep do you feel you need at
night? This may be different from how many hours of sleep you actually get at night”.
Subjects who answered that they needed or obtained 0 hours of sleep as well as those who
needed or obtained more than 12 hours of sleep were excluded since these are
physiologically implausible.

Socioeconomic factors, sociodemographic factors and other covariates

Age, sex, race/ethnicity, and marital status were included in the statistical analysis. Income
status (above or below 2x the federal poverty level), Medicaid insurance status, educational
level and employment status were provided by participants as well. Self- reported health and

Sleep Health. Author manuscript; available in PMC 2019 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Fox et al.

Page 4

lifestyle indicators including body mass index (BMI), smoking status, heavy alcohol use,
diagnosis of mental illness, and stress levels were also included in the analysis. Stress level,
sleep quality and number of children were grouped to simplify data analysis. Stress level
was rated by participants on a scale of 1-10; data was grouped as 1-2 for low, 3-4 for mild,
5-6 for moderate, 7-8 for high, and 9-10 for very high. Sleep quality was rated on a scale of
1to 5, with 1 being restless; data was grouped as 1 for restless, and 2-5 for restful (i.e. not
restless). Number of children did not have predefined values; data was grouped as 0 (ho
children) or =1 (children). A detailed description of these factors has been published
previously.10

Statistical Analysis

Results

SAS 9.0 (SAS Institute, Inc. Cary, NC) was used for all statistical analyses. An alpha value
of 0.05 was used for all tests unless specified otherwise. The two SAS procedures used were
FREQ and SURVEYLOGISTIC. We first calculated odds ratios to determine which
variables were likely to influence sleep debt. After odds ratios were calculated, logistic
regression was performed with those variables that were significant from the odds ratios. A
series of multivariate logistic regressions were undertaken to assess predictors of sleep debt.
Using a backward-stepwise method (with p = 0.05 being the condition for removal of factors
from the model) a series of variables was entered. The first model uses an interaction term of
race x income, as this had previously been found to be significant.10 However, this was not
significant in our model, so we dropped the interaction term to analyze the race variable
alone. Model 3 reflects only the variables that remained as significant covariates as
described above. Analyses were conducted using sample weights so that results would be
applicable to the general population.1°

Sample Characteristics

In 2010, The Philadelphia Health Management Corporation contacted 10,007 potential
participants for a phone survey. Of the participants, 8,752 chose to respond to the sleep
questions. Comparison with the United States Census 2014 for age, gender, race, and
ethnicity showed similar values.1®> Of the participants, 32.4% were aged 18-39, 49.8% were
aged 40-64, and 17.8% were aged greater than 65. 73.1% of the participants identified as
white, 20.6% identified as African-American, and 6.2% identified as Latino/Hispanic. Table
1 shows the remaining demographic and social breakdown of the participants.

Many respondents reported poor sleep, with 18.1% noting a sleep quality score of 1 or 2
(with 1 being restless sleep and 5 being restful sleep quality; Table 1). Only 31.1% of the
sample reported receiving restful sleep (those who selected 5 for sleep quality). More than
half of respondents (53.6%) reported having at least 1 hour of sleep debt normally. 11.4 % of
females reported “restless” sleep quality compared to 8.4% of males (XZ =126.39,
p<0.00001). 58.8% of female respondents carried a sleep debt of at least 1 hour compared
with 47.5% for males (XZ =222.59, p<0.00001).
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Unadjusted Odds Ratios

Table 2 shows the unadjusted odds ratios for sleep debt with and without sample weights.
Age differences were observed, with middle aged participants (ages 40-64) and older adults
(ages>64) having less sleep debt than the youngest age group (OR = 0.66, 95% CI = 0.58 —
0.75 and OR = 0.26, 95% CI = 0.22 — 0.31, respectively; p<0.0001). Females were found to
have significantly more sleep debt than males (OR = 1.57, 95% CI 1.41 — 1.74; p<0.0001).
Those below 2x the federal poverty line (poor) reported a higher sleep debt than those with
an income above 2x the poverty line (not poor; OR = 1.26, 95% Cl = 1.12 — 1.43). This
association had a significant interaction with race; poor whites had a slightly increased sleep
debt over not poor whites (OR = 1.19, 95% CI = 1.00 — 1.41). This association was
amplified for not poor and poor African Americans (OR = 1.23, 95% Cl = 1.05 - 1.44 and
OR =1.38, 95% CI = 1.15 - 1.65, respectively) and even further for Latinos (OR = 1.79,
95% Cl =1.28 —2.51 and OR = 1.75, 95% CI = 1.23 — 2.49).

Interestingly, education status was not associated with sleep debt while employment status
was. Unemployed participants had a significantly higher sleep debt than those who reported
employment (OR = 1.24, 95% CI = 1.05 — 1.47). Retired participants had a significantly
lower sleep debt than employed participants as well (OR = 0.36, 95% CI = 0.31 — 0.41).

Marital status was also associated with sleep debt. Compared to being married, living with a
partner or being single both were independently associated with sleep debt (OR = 1.42, 95%
Cl=1.13-1.79 and OR = 1.49, 95% CI = 1.30 — 1.72). Widows and widowers had
significantly less sleep debt than married participants (OR = 0.62, 95% CI = 0.52 — 0.73).
Participants who reported having at least one child in the house were associated with
significantly higher sleep debt than those with no children (OR = 1.61, 95% Cl = 1.44 —
1.80).

Sleep quality scores correlated with sleep debt. Those who rated their sleep quality a2 (1 =
restless, 5 = restful) did not differ significantly from those who rated it a 1. Those who rated
ita 3, 4 or 5 were associated with significantly less sleep debt than those who rated their
normal sleep a 1 (OR = 0.42, 95% CI =0.33 - 0.54; OR = 0.16, 95% Cl = 0.12 - 0.20; OR =
0.07, 95% CI = 0.05 — 0.09, respectively).

We also found significant associations with sleep debt for several physical and mental health
measures. Participants who self-reported their health to be good, fair or poor had
significantly more sleep debt than those who reported excellent overall health (OR =1.22,
95% CI =1.09-1.38; OR =1.49, 95% Cl = 1.27 - 1.75; OR = 1.67, 95% CI = 1.26 — 2.20,
respectively). Participants who reported mental illness had significantly more sleep debt (OR
=1.96, 95% CI = 1.71 — 2.25). Those with an overweight BMI (25-30) showed slightly
decreased sleep debt than participants with normal BMI (<25) (OR = 0.85, 95% Cl = 0.76 -
0.96). Obese persons showed no difference in sleep debt. Smokers reported having
significantly more sleep debt than non-smokers (OR = 1.21, 95% CI = 1.06 — 1.38).

Mental health appeared to have the largest role of any question included in the PHMC study.
Stress was rated on a 1-10 scale (1 = low, 10 = very high). As reported stress levels
increased, so did sleep debt by several factors. Participants who reported their stress to be
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mild, moderate, high, or very high had significantly more sleep debt than those who reported
low levels of stress (OR = 1.62, 95 %Cl = 1.36 — 1.92; OR = 2.36, 95% CI = 2.01 - 2.78;
OR =3.95,95% Cl = 3.32 - 4.71; OR =5.30, 95% CI = 4.30 — 6.52; respectively).

Logistic Regression and Adjusted Odds Ratios

Next, multivariable models were constructed to explore the associations of various factors
taken together (Table 3). Model 1 included the following factors: age, sex, race x poverty
(interaction term), employment, marital status, sleep quality, overall health, presence of
psychiatric disease, BMI, stress, smoking status, and presence of children in the house. We
included a race x poverty term because we had noted this to be significant in our prior
analyses of sleep quality 19, We found several of these variables to be significant: age, sex,
employment, sleep quality, overall health, psychiatric disorders, stress, smoking status, and
children in the house (all p<0.05). Race x poverty was not significant in this analysis of
sleep debt, unlike our prior work on sleep quality 10.

Model 2 included these same factors, substituting race and poverty for the race x poverty
interaction term, and adding high school graduation status. For this model, we found several
variables remained significant: age, sex, race, employment, sleep quality, overall health,
psychiatric disorder, stress, smoking status, and children in the house (all p<0.05). We note
that in Model 2, only race and not poverty showed a significant association with sleep debt.

Finally, Model 3 included only significant factors from the previous model: age, sex,
employment, sleep quality, overall health, psychiatric disorder, stress, smoking status,
children in the house, and Hispanic/Latino ethnicity status. All categories were significant
(p<0.05); however, there were non-significant differences within some of the above
variables. We found diminishing sleep debt associated with aging participants, with both
40-64 year-olds and 65+ year-olds having less sleep debt than <40 year-olds (OR = 0.71,
95% Cl =0.62 — 0.82 and OR = 0.45, 95% CI = 0.36 — 0.56, respectively). Sleep debt was
more highly associated with females than males (OR = 1.43, 95% CI = 1.27 — 1.60). Retired
persons were associated with lower likelihood of sleep debt than employed persons (OR =
0.61, 95% CI = 0.51 — 0.74), but being unemployed or disabled had no association with
sleep debt. Unsurprisingly, ratings of sleep quality as restful were associated with less sleep
debt than those who rated it restless (OR = 0.19, 95% CI = 0.15 - 0.24).

Self-reported health statuses also had significant correlations with sleep debt. Participants
who rated their overall health as good or fair were associated with significantly higher sleep
debt than those who rated their health excellent (OR = 1.28, 95% Cl =1.12 - 1.45and OR =
1.47,95% Cl = 1.22 — 1.77, respectively). Interestingly, this association did not extend to
those who rated their health poor. Participants with a psychiatric disorder were associated
with increased sleep debt (OR = 1.34, 95% CI = 1.15 - 1.57).

As before, all levels of self-reported stress levels were associated with increased sleep debt
in a stepwise fashion. Stress levels was noted as the variable with highest odds ratios in this
study. Participants who reported their stress to be mild, moderate, high, or very high had

significantly more sleep debt than those who reported low levels of stress (OR = 1.40, 95%

Sleep Health. Author manuscript; available in PMC 2019 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Fox et al.

Page 7

Cl=1.17-1.68; OR =1.76,95% Cl = 1.48 — 2.10; OR = 2.73, 95% CI = 2.26 — 3.30; OR =
2.86, 95% CI = 2.28 — 3.58, respectively).

Smoking was associated with less sleep debt than non-smokers, a reversal of our initial
results outlined above (OR =0.85, 95% CI = 0.74 — 0.99). The reasons for this remain
unclear, but it appears that after correcting for other factors in the model, smoking showed a
weaker associated with sleep debt. Participants with 1 or more children living with them
were likely to have more sleep debt compared with those who had no children in the house
(OR =1.19,95% CI = 1.05 - 1.36).

Finally, participants who identified as Hispanic/Latino ethnicity were more likely to have
sleep debt (OR =1.32, 95% CI = 1.00 — 1.73). It is interesting to note that after controlling
for other variables, neither race nor poverty status were significantly associated with sleep
debt, but ethnicity was.

We also found decreasing sleep debt associated with increasing age. In younger subjects
(age 18-39), sleep debt was consistent at approximately negative 2 hours. This dropped to
approximately 1 hour by middle age and continued dropping to close to zero sleep debt in
older participants (age >65).

Discussion

Sleep quantity and quality are oft-overlooked measures of health and societal well-being.
Lack of sleep is thought to be responsible for numerous avoidable deaths such as motor
vehicle accidents.* Poor sleep has also been linked to huge economic losses in the United
States and worldwide.10

This study expands on a previous study by this group that explored effects of demographics
and several other variables on sleep quality.10 However, this study utilized the 2010
Philadelphia Health Management Corporation survey, which included two additional
questions regarding amount of sleep required and amount of sleep achieved. Namely, this
allowed us to calculate sleep debt and run a similar analysis to determine how the above
variables are correlated with both sleep quality and sleep debt.

Similar to our previous paper, we found that some minority groups had stronger associations
with sleep debt than the reference groups. Longer sleep latency has been correlated in adults
with lower levels of education, food insecurity, and identifying as African American.11
Others have found differences in pediatric populations as well. African American children
were noted to sleep less during the night than white children.1® However, the decreased sleep
of participants identifying as African-American was modulated by inclusion of other
variables like age, employment status, and a myriad of self-reported health variables. This
may indicate that groups such as Latinos are more susceptible to the effects of poor sleep
and that as a group they are not as well equipped to deal with circumstances that lead to less
or poor-quality sleep.

Females were more likely to report poor sleep quality than males (11.1% vs 8.4%,
respectively). Female respondents were also more likely than males to carry a sleep debt of
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at least 1 hour (58.8% vs 47.5% for males). We are unsure why women appeared to report
lower quality sleep and be more likely to carry sleep debt. This study was not powered to
detect this difference and we invite future research to focus efforts on this disparity.

We noted that sleep debt was associated with increasing age, a finding that was not
previously reported in the literature. That is, after approximately age 45, participants
transitioned from significant sleep debt to sufficient sleep. This is intriguing as it runs
counter to conventional wisdom regarding sleep debt as we age — namely, that the older
segment of the population carries more sleep debt. Surprisingly, we found that the opposite
was true. This may be attributable to several factors. Older participants are more likely to
have fewer children in the house, work less, and carry less stress in general. Older adults
may also have more control over their sleep schedule, allowing them to align their actual
sleep with their perceived needs. All these factors may predispose them towards attaining
more and higher quality sleep.

Previous results have shown that aging leads to worse sleep, as measured by increased sleep
latency and decreased REM sleep.17 Although this is the opposite result from what we found
in this study, the authors of the previously cited study noted that the associations were
minimized when controlling for additional covariates. Older adults may have more
opportunities to sleep. Further, even though adults may get less sleep as they age they may
also require less sleep, and thus the sleep debt falls as subjects age. Some have observed that
as we age, we get less sleep objectively. Our measure of sleep debt is subjective, and thus
this difference in outcomes may also explain the different result. Finally, the decrease in
sleep debt in older adults may be a result of increased acceptability of health problems in
aged populations.18 Older adults are more likely to perceive their health problem as normal,
and rate it as less of a problem for them as they age. In our case, they may be more reticent
to rate their sleep poorly because they perceive it to be normal for their age group.

Other studies have found that reported sleep may differ significantly from expected or actual
sleep. One study found that sleep disturbances and reported tiredness appeared to decrease
as participants got older, but that these factors may have been influenced by declining health
or presence of psychological disorders.1® In general, sleep actually appeared to increase in
quality and duration in older participants, contrary to some previous studies.1”-20 This may
be due to discrepancies between reported and actual sleep in older adults.?! Subjects with
reported insomnia symptoms tended to underestimate their sleep efficiency while normal
controls over-estimated their sleep efficiency. It is clear that self-reported measures of sleep
quality may be unreliable, and our measure of sleep debt may be a better indicator of sleep
status.

Overall, self-reported stress level held the strongest correlation with sleep debt. This is
unsurprising but warrants further analysis because of the high odds ratios. Those who
reported high stress levels were more than twice as likely to carry sleep debt as those who
reported low levels of stress. It is likely that stressed participants took longer to fall asleep,
woke up in the middle of the night, or woke up early due to stress.
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As noted above, we report that smokers were associated with less sleep debt than non-
smokers when controlling for self-reported health variables. It is possible that smoking may
reduce stress or causes short periods of relaxation in the evening that facilitate somnolence
faster than in non-smokers. However, further work is needed to elucidate this relationship.

The major limitation of this study is the subjectivity inherent in the survey questions.
Although sleep duration can be accurately measured with polysomnography, this survey
required participants to estimate their average amount of sleep. This may have been
misinterpreted as time spent in bed, or time trying to fall asleep, etc. Additionally,
participants were also asked to estimate the amount of sleep needed to feel rested. Although
we removed outliers as described above, there is likely great variability among these
estimates. Due to the large sample size, we acknowledge that certain biases (i.e. needing
more or less sleep to feel rested) are likely present in the data, and we were unable to control
for them.

The second limitation was that participants were drawn from a relatively small geographical
area in the greater Philadelphia region, and thus their survey results may not be applicable to
all populations. This may bias the study against those who did not want to participate in
research, those who could not be on the phone for some time, or those with a disability that
prevented them from talking on the phone. Although the surveyors made every effort to
communicate with the participants, including conducting interviews in Spanish and using a
proxy if the participant could not use a phone, it is likely that one or several portions of the
general population was not included properly in the results. In addition, this survey was only
conducted with those persons that owned a telephone. The majority of those surveyed were
done so via their home phone, a technology that many people do not use anymore. The only
cell phone respondents were located in Philadelphia County and these numbered 300. Thus,
while efforts were made to use a study sample that represents the larger population, it is
possible that the survey instrument did not capture some portions of the population.

Finally, there are a number of other variables that were not collected in the PHMC survey
that may bias the results. For example, there is no way to parse out participants with sleep or
circadian rhythm disorders. The survey did not include any questions about work schedule,
meaning those that work the third shift are grouped in with the rest of the cohort. Finally,
there are numerous other factors that affect nightly sleep quality and quantity, such as
medication use, caffeine and other stimulant use, or illicit drug use. Therefore, the data
presented may not be representative of these groups.

Conclusion

This study is the first to our knowledge to describe sleep debt in a large population. Other
studies have used objective data, which may under- or over-report sleep based on a number
of factors. Due to this, sleep debt may be a useful metric when assessing sleep on a
population level, particularly since sleep debt may be additive over multiple nights of
inadequate sleep and has increasingly deleterious effects. Furthermore, we were able to
clarify that sleep debt is associated with younger, not older, participants, a finding that is
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contrary to some previous literature. Further research is required to confirm this finding to
help us better understand sleeping habits of older adults.
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1.322 [1.009,1.731]

Less Risk for Sleep Debt
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Age
40-64 vs 18-39 0.718 [0.623,0.827]
=65 vs. 18 to 39 0.451 [0.363,0.562]
Sex
Female vs. Male 1.430 [1.275,1.604]
Employment

More Risk for Sleep Debt

Figure 1.

Odds ratios for sleep debt by demographic factors from Model 3 above
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Table 1

Demographic information of survey respondents

Participant Characteristics o6 Total % Males % Females

(n=8752)
Age
18-39 32.42 31.63 33.08
40-64 49.83 50.66 49.83
>65 17.76 17.70 17.80
Race
White 73.14 75.44 71.20
African American 20.65 18.63 22.35
Latino/Hispanic 6.21 5.93 6.45
Income Threshold
Above 2x 76.23 80.95 72.24
Below 2x 23.77 19.05 27.76

Race x Income Interaction

White, Not Poor 62.21 66.16 58.88
White, Poor 10.93 9.28 12.32
AA, Not Poor 11.23 11.73 10.81
AA, Poor 9.42 6.90 11.54
Latino, Not Poor 2.79 3.07 2.55
Latino, Poor 3.43 2.86 3.90
Education
< High school graduate 7.01 7.31 6.76
High school graduate 30.63 28.56 32.36
Some college 20.37 19.91 20.76
College graduate 25.55 25.77 25.36
Post college 16.44 18.44 14.76
Employment Status
Employed 63.77 68.09 60.14
Unemployed 12.65 12.25 12.99
Retired 17.66 17.95 17.42
Disabled 591 1.71 9.45

Marital Status

Married 58.37 62.50 54.89
Living with partner 6.79 8.23 5.58
Single 19.97 19.12 20.69
Widow 6.70 3.88 9.08
Other 8.16 6.27 9.76
Sleep Quality
1 - Restless 9.83 8.37 11.07
2 8.26 7.01 9.31
3 22.99 21.60 24.16
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Participant Characteristics

(n =8752) % Total % Males % Females

4 27.84 30.80 25.36

5 — Restful 31.07 32.22 30.11
General Health

Excellent 33.98 33.93 34.02

Good 47.75 48.43 47.18

Fair 14.67 14.36 14.93

Poor 3.60 3.28 3.88
Mental IlIness

Absent 82.12 87.18 77.86

Present 17.88 12.82 22.14
Body Mass Index

<25 39.16 29.74 47.08

25-30 36.10 44.53 29.00

>30 24.74 25.72 29.91
Stress Level

Low (1-2) 16.90 20.83 13.59

Mild (3-4) 20.33 21.80 19.09

Moderate (5-6) 28.57 27.93 29.11

High (7-8) 22.56 21.42 23,51

Very high (9-10) 11.64 8.02 14.70
Smoking Status

No 80.27 79.98 80.51

Yes 19.73 20.02 19.49
Children

No children 64.12 67.69 61.12

21 children 35.88 3231 38.88
Sleep Debt

No sleep debt (0 or surplus)  46.37 52.48 41.22

Sleep debt(1-5 hours) 53.63 47.52 58.78
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Table 2

Weighted and unweighted odds ratios of sleep debt by demographic factors

Participant Characteristics

(n = 8752) Weighted Unweighted
OR 95%ClI Pvalue OR 95% ClI P value

Age
(ref = 18-39)

40-64 0.66 0.58-0.75 <0.0001 0.65 0.58-0.73 <0.0001

>64 0.26 0.22-0.31 <0.0001 0.28 0.24-0.32 <0.0001
Sex
(ref = Male)

Female 157 141-174 <0.0001 158 1.44-173 <0.0001

Income Threshold
(ref = Above 2x Poverty)

Below 2x Poverty Line 126 112-143 <0.0001 121 1.09-1.34 <0.0001

Race x Income Categories
(ref = White, Not Poor)

White, Poor 119 1.00-141 0.0396 1.06 092-122 0.3775
AA, Not Poor 123 105-144 0.0076 125 110-142 0.0004
AA, Poor 1.38 1.15-1.65 0.0004 137 119-159 <0.0001
Latino, Not Poor 179 1.28-251 0.0007 150 1.14-198 0.0038
Latino, Poor 175 1.23-249 0.0018 209 158-277 <0.0001
Race
(ref = White, Not Latino)
Black, Not Latino 126 1.11-143 0.0002 129 117-142 <0.0001
Latino 172 134-221 <0.0001 176 1.44-214 <0.0001
Education
(ref = <HS grad)
HS graduate 093 0.75-1.16 0.5675 0.85 0.71-1.01 0.0757
Some college 1.14 090-143 0.2661 1.09 090-131 0.3416
College graduate 1.08 0.86-1.35 0.5054 1.02 085-123 0.7738
Post college 094 0.74-119 0.6318 096 0.79-1.16 0.6758
Employment
(ref = Employed)
Unemployed 124 1.05-147 0.0101 124 1.09-143 0.0014
Retired 0.36 0.31-041 <0.0001 0.39 0.35-0.43 <0.0001
Disabled 119 095-151 0.1274 102 0.84-123 0.8388

Marital Status
(ref = Married)

Living with partner 142 113-179 0.0026 137 113-167 0.0012
Single 149 130-172 <0.0001 1.45 130-1.62 <0.0001
Widow 0.62 0.52-0.73 <0.0001 0.65 0.56-0.75 <0.0001
Other 125 105-147 00085 118 1.03-1.36 0.0135
Sleep Quality
(ref = 1 — Restless)
2 0.77 056-1.06 0.1187 0.77 059-1.01 0.0605
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Participant Characteristics

(n =8752) Weighted Unweighted
OR 95% ClI Pvalue OR  95% ClI P value
3 0.42 0.33-0.54 <0.0001 0.41 0.33-0.50 <0.0001
4 0.16 0.12-0.20 <0.0001 0.16 0.13-0.19 <0.0001
5 - Restful 0.07 0.05-0.09 <0.0001 0.07 0.05-0.08 <0.0001
General Health
(ref = excellent)
Good 122 1.09-1.38 0.0005 119 1.08-1.31 0.0002
Fair 149 127-175 <0.0001 146 1.29-167 <0.0001
Poor 167 126-220 <0.0001 1.87 1.49-234 <0.0001
Mental IlIness
(ref = Absent)
Present 196 171-225 <0.0001 1.94 1.73-217 <0.0001
BMI
(ref = <25)
25-30 085 0.76-0.96 0.012 0.89 0.80-0.98 0.0202
>30 1.03 090-117 0.631 1.07 096-1.19 0.1697
Stress Levels
(ref = Low [1-2])
Mild (3-4) 162 136-192 <0.0001 1.77 153-2.04 <0.0001
Moderate (5-6) 236 201-278 <0.0001 257 225-293 <0.0001
High (7-8) 395 332-471 <0.0001 4.33 3.76-5.00 <0.0001
Very high (9-10) 530 4.30-6.52 <0.0001 5.14 433-6.10 <0.0001
Smoking
(ref = No)
Yes 121 1.06-1.38 0.0032 111 1.00-1.23 0.0495
Children
(ref = No children)
=1 children 161 144-180 <0.0001 1.68 1.53-1.85 <0.0001
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Table 3

Weighted logistic regression for sleep debt by demographic factors

Participant Characteristics

(n = 8752) Model 1 Model 2 Model 3
OR 95% ClI OR 95% ClI OR 95% ClI
Age
(ref = 18-39)
40-64 076  065-088 (75" 065-088 71 062-0.82
>64 050" 040-063 (50" 040-063 45" 0.36-056
Sex
(ref = Male)
Female 1417 125-159 g4 " 125-158 143" 127-160
Race x Income 4
(ref = White, Not Poor) f
White, Poor 1.11 0.90-1.37 - - - -
AA, Not Poor 1.19 0.99-1.42 - - - -
AA, Poor 1.14 0.90-1.45 - - - -
Latino, Not Poor 155°  110-219 - - - -
Latino, Poor 1.32 0.88-1.98 - - - -
Race F
(ref = White [Non-Latino]) 4
Black (Non-Latino) - - 1.14 0.98-1.33 - -
Latino - - 139" 105-1.82 - -
Race 4
(ref = Non-Latino) 4
Latino . - - - 132%  100-173
Income 7
(ref = Above 2x Poverty)
Below 2x Poverty - - 1.03 0.87-1.22 - -
Education
(ref = <HS grad)
HS graduate 1.03 0.79-134 104 0.80 - 1.36 - -
Some college 1.17 0.88-154 1.19 0.89 -1.57 - -
College graduate 1.23 093-1.64 1.25 0.94-1.66 - -
Post college 1.12 083-151 114 0.85-1.53 - -
Employment
(ref = Employed)
Unemployed 0.85 0.69-1.04 0.85 0.69-1.04 0.87 0.72-1.06
Retired 062" 051-075 qg2° " 051-075 g1 " 051-0.74
Disabled 0.92 0.71-1.18 0.92 0.71-1.18 0.90 0.70-1.15

Marital Status
(ref = Married)
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Participant Characteristics

(n =8752) Model 1 Model 2 Model 3
OR 95% ClI OR 95% ClI OR 95% ClI
Living with partner 1.16 090-151 1.16 0.89-1.51 - -
Single 114 097-135 115 0.97-135 - -
Widow 094  076-116 094 0.77-1.16 - -
Other 108  089-132 1.09 0.90-1.32 - -
Sleep Quality
(ref = 1 — Restless)
Restful 019" 014-024 18" 014-024 19" 015-024
General Health
(ref = Excellent)
Good 108" 112-146 18" 112-146 198" 112-145
Fair 146" 120-178 146" 120-178 147" 122-177
Poor 127 092-174 127 092-174 126  092-172
Mental Iliness
(ref = Absent)
Present 134" 115-157 134" 115-157 134" 115-157
BMI
(ref = <25)
25-30 094  082-1.08 094 0.83-1.08 - -
>30 096  0.83-111 096 0.83-1.08 - -
Stress Levels
(ref = Low [1-2])
Mild (3-4) 1417 118-170 q140° 118-170 140" 117-168
Moderate (5-6) 1797 150-213 179" 150-213 17" 1.48-2.10
High (7-8) 2777 229-334 5777 220-334 737" 226-330
Very high (9-10) 286" 228-359 g™ 229-361 g5 228-358
Smoking
(ref = No)
Yes 085  073-099 (g5 073-100 gg5* 0.74-0.99
Children
(ref = No children)
>1 children 122% 106-139 199" 1.06-139 119 1.05-1.36
*
=p<0.05
*ok
=p<0.0001

7‘= Race x Income interaction variable used in Model 1; separate Race and Income variables used in Models 2 and 3
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