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Abstract

Sleep is a state of consciousness that is preserved across animal species whose exact function is
not yet clear but which has a vital impact on health and well-being. Epidemiological evidence
suggests sleep duration in both children and adults has been decreasing over the past half-century,
while at the same time, rates of overweight and obesity have been increasing. Short sleep duration
along with other dimensions of poor sleep have been associated with obesity both cross-sectionally
and longitudinally. These data suggest a potential causal relationship between poor sleep and
greater rates of weight gain that may be related to effects of sleep on dietary intake or physical
activity. However, there is also potential for reverse causation as obesity leads to many co-
morbidities including sleep apnea that can disrupt sleep. Medium and long term interventional
studies are needed to evaluate the potential for healthy sleep interventions to help combat the
epidemic of obesity.

The prevalence of overweight and obesity has reached epidemic proportions in Western
nations and increasingly, in developing nations as well. The growing rates of obesity have
important health consequences, including increasing the risk of a host of diseases including
degenerative joint disease, type 2 diabetes, cardiovascular disease, and obesity-associated
malignancies. Public health efforts to combat obesity have focused on interventions to
improve diet and increase physical activity. Recent data suggest that poor sleep habits may
contribute to the risk of obesity, opening a new avenue for potential intervention. In this
paper, we review the epidemiology of sleep habits in both children and adults including
trends over time as well as evidence for an association between poor sleep habits and
obesity.

Role of sleep

Sleep is a rapidly reversible recurring state of inactivity associated with diminished
responsiveness to the external environment. It occurs in all multicellular animals, indicating
its universal functionality.! Since an organism is unable to respond to external threats while
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asleep, there would be natural selection pressure to eliminate sleep if there was not a benefit
to be gained from sleeping. Additional evidence for the biological importance of sleep is that
there exists a homeostatic drive, which regulates sleep. Just as with hunger or thirst, the
longer an organism goes without sleep, the sleepier it gets and the more likely the organism
is to fall asleep. Further evidence of the vital role played by sleep comes from animal studies
where complete sleep deprivation leads to death over a few weeks.?

Despite a clear understanding that sleep is vital to health, the exact role played by sleep
remains controversial.3 Among the leading theories for the role of sleep are that it provides a
time of relative cortical quiescence to allow brain energy stores to rebuild,? that sleep allows
an opportunity for synaptic pruning which facilitates neural plasticity allowing memory and
learning,® and that sleep provides an opportunity for the clearance of neural waste products
through the glymphatic system which is activated during sleep.® In addition to brain health,
there is growing interest in the role sleep may play in somatic health. Growth hormone
secretion during sleep may provide one mechanism for restoration of the periphery and
regulation of immune system function may represent another.

Epidemiology of sleep duration

One of the simplest aspects of sleep to measure is duration, the total amount of time spent
asleep. An increasing body of data suggests chronically insufficient duration of sleep is
associated with poor health. Based on this evidence, in 2010, the US government for the first
time set public health benchmarks to try to improve sleep duration as part of the Healthy
People 2020 initiative.” In particular, goals have been set to increase the proportion of
students in grades 9 through 12 getting at least 8 hours of sleep on school nights, the
proportion of adults 18-21 getting at least 8 hours of sleep and adults 22 and over getting at
least 7 hours of sleep per 24-hour period. For children and adolescents, the American
Academy of Sleep Medicine currently recommends sleeping eight to sixteen hours per 24-
hour period, with age-specific recommendations decreasing as age increases.® However,
epidemiological data, which measures sleep duration via parent- or self-report, has found
that younger and older children and adolescents in both the United States and other countries
are not getting enough sleep.? Data from multiple years of the Youth Risk Behavior
Surveillance System suggest that 95% of high school students are not meeting published
sleep recommendations.10 Across childhood age groups, sleep duration has declined by
more than an hour over the past one hundred years.11

For adults, multiple expert panels have recommended at least seven hours of sleep per
night,12-14 put as of 2014, data from the Behavioral Risk Factor Surveillance System
demonstrate that 33.8% of Americans were not meeting these recommendations.1® In the
United States, data from the National Health Interview Survey (NHIS) has shown that self-
reported mean sleep time has decreased 10-15 minutes from 1985 to 2012, while the
percentage of adults reporting less than 6 hours of sleep per night increased from 22.3% to
29.2%.16 Possible explanations for the decreases in sleep duration include environment
lighting, new technologies, and for adults, long working hours.1
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Correlates of short sleep duration

Demographic factors

Short sleep correlates with several demographic characteristics. Sleep duration declines with
age by about ten minutes per decade.18-20 Sex differences also exist, as men have shorter
sleep duration than women by approximately 25-45 minutes,18:19.21-23 possibly due to
hormones or sociological factors such as gender roles.2* Variation by race/ethnicity is
present, with African Americans generally sleeping shorter amounts than other racial/ethnic
groups.2123:25-30 ghort sleep has also been associated with lower education and
income,19:20.29.31 though some studies found no association.2127 Compared to those who
are married, unmarried individuals are more likely to have insufficient sleep.20.27:32

Other factors

Other potentially modifiable factors have been associated with short sleep duration in cross-
sectional analyses of nationally representative and community-based studies.

Neighborhood factors, such as the social and physical environment, have been examined
with objectively and subjectively measured sleep duration.33-3% In the Multi-Ethnic Study of
Atherosclerosis, aspects of the social environment, such as disorder, social cohesion, and
safety were associated with longer objective and subjective continuously measured sleep
duration,33:36 while in the Hispanic Community Health Study/Study of Latinos, the
prevalence of short sleep was higher in unsafe versus safe neighborhoods.3®> Compared to
rural residents, those living in urban areas are more likely to report short sleep,23 potentially
due to noise and light pollution.

Aspects of employment, including status and work hours, have also been associated with
sleep. Short sleep duration is more common among those working full-time, while those
who are retired, not retired/not working, and working part time were more likely to be long
sleepers.20:37 Additionally, compared to working shorter hours, long work hours (50+ per
week) have consistently been associated with shorter sleep duration.38-40 Working multiple
jobs has also been associated with shorter sleep duration compared to working one job*! and
those with longer commutes compared to shorter are more likely to report short sleep
duration.#%:41 Shift work, such as working overnight and early in the morning, has also been
associated with insufficient sleep.42

In reviews of studies on children and adolescents, less total sleep time was associated with
more television, computer, video game, and mobile device screen time.*344 In adults, more
smartphone use was associated with short sleep duration,*® though a Canadian study found
co-occurring small increases in both average sleep duration and screen time from 1998 to
2010.48 Exposure to blue light from screens in the hours before bedtime may suppress
melatonin and result in circadian misalignment,*’:48 though short sleep could also lead to
more screen time during waking hours.

Acculturation may be associated with objectively and subjectively measured short sleep in
U.S. immigrant populations.27:37:49.50 Compared to Mexico-born U.S. immigrants, Mexican
Americans born in the United States are more likely to be short sleepers.2’:49 Additionally,
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Hispanics and Latinos who had lived in the United States for a longer period of time were
more likely to have shorter actigraphy-measured sleep duration,37 while those in primarily
English-speaking households were more likely to report short sleep than those in exclusively
Spanish-speaking households.2” These findings are suggestive of a “healthy migrant” effect,
where immigrants adopt poor health behaviors as they adapt to U.S. culture.5!

Short sleep duration and obesity

As sleep has decreased over time, the prevalence of obesity has increased. As of 2011-2014,
the prevalence of obesity was 37.7% for adults®2 and 17.0% for children and adolescents.53
The combination of these co-occurring phenomenon with pathophysiologic evidence®* have
suggested that sleep and obesity may be related. There is now an extensive literature on the
association between sleep duration and obesity, including several systematic reviews and
meta-analyses.>>-59 Early work consisted of predominantly cross-sectional studies,
providing no information about temporality. Additionally, many relied on self-reported
measures of sleep duration, which are only moderately correlated with objective measures
such as actigraphy,59-62 with mean subjective sleep being almost an hour more. The
definition of short sleep lacks standardization so categorizations are variable, making
comparisons across studies difficult.

Despite differences in measurement and study design, research in children and adolescents
has consistently found that short sleep duration is positively associated with obesity.59:63
The short sleep-obesity relationship in adults has been less consistent, with positive, U-
shaped, and no associations,® indicating the association may differ by age. This inconsistent
relationship has been found in a variety of study designs. In the Nurses Health Study, the
risk of incident obesity was 1.15 (95% ClI: 1.04, 1.26) for those reporting less than five hours
of sleep and 1.06 (95% CI: 1.01, 1.11) for those reporting six hours of sleep, compared to
those who reported seven hours of sleep per night.54 In the CARDIA and SWAN cohorts,
two longitudinal studies that used actigraphy, no associations were found between short
sleep duration and weight gain or incident obesity.85-67 Additionally, a review of the few
randomized controlled trials that manipulated short-term sleep duration found inconsistent
measurement and high heterogeneity for several adiposity and energy balance outcomes,
with the most suggestive findings for body weight.>8 More work is needed to establish
whether the short sleep-obesity association is causal.

Long sleep has also been examined in relation to obesity, though few plausible biological
pathways have been hypothesized.58 Most studies reporting positive associations rely on
self-reported measures of sleep, indicating that long sleepers may be reporting more time in
bed but not more time spent asleep.58 Confounding by depression and low socioeconomic
status may also be an explanation for these findings.5°

Short sleep may influence obesity through several potential pathways.>* One mechanism is
that short sleep duration leads to increased food intake.” Experimental studies have
demonstrated that short sleep may lead to self-reported and biological changes in hunger and
appetite, though early findings on leptin and ghrelin have not been replicated.’”1~"3 Hedonic
eating rather than hunger-driven eating may be a more likely mechanism to explain the
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association between insufficient sleep and increased food intake.”3 Brain imaging data
suggest that sleep restriction may increase central neuronal responses to unhealthy foods,
potentially leading overeating.” Short sleepers may also have more opportunities to eat
because they are awake for more hours in the day. Insufficient sleep may also lead to fatigue,
resulting in decreased physical activity and increased sedentary activity, which could lead to
obesity. However, research on short sleep duration and energy expenditure and metabolism
suggests no large effects, though there are a limited number of experimental studies.”®

Other sleep domains and obesity

Sleep health has increasingly been recognized to encompass multiple dimensions of sleep,
each when altered has been associated with cardiometabolic disease.’® Besides sleep
duration, sleep quality, efficiency, daytime sleepiness, timing, and variability, have been
individually examined with obesity, albeit less frequently. These domains are sometimes
weakly correlated, and can be associated with obesity independent of sleep duration.

Limited research suggests that greater sleep variability, usually defined as the standard
deviation of actigraphy-assessed sleep duration, is associated with obesity in both children
and adults.””-81 Those with high sleep variability may experience a lack of synchronization
in eating patterns due to variation in sleep. Alternatively, high sleep variability may be
indicative of insufficient sleep certain nights of the week and compensation on other
nights.”” In cross-sectional studies, high sleep variability has been associated with higher
daily energy intake® and sugar-sweetened beverage consumption83 and children who have
consistent sleep throughout the week have higher levels of physical activity.84

Late sleep timing, usually defined as the sleep midpoint, has also been associated with
obesity in some studies,85-87 but not all findings were robust.””:88 Like sleep variability,
sleep timing may influence obesity by shifting the timing of eating patterns. Compared to
those with earlier sleep times, those with later sleep times are more likely to engage in
breakfast skipping and after dinner snacking.8®

Daytime napping as measured via actigraphy has also been positively associated with
obesity in one study, with interaction by nighttime sleep duration.”” Among very short
sleepers (<5 hours), there was no association between daytime napping and obesity, while
there was a small positive association for those with longer nighttime sleep duration. Like
variability and timing, daytime napping may reflect irregularity in the synchronization of the
circadian rhythm or reflect an irregular sleep schedule.

Low sleep efficiency, defined as the percentage of the sleep interval spent asleep, has also
been associated with obesity.”889 Those with low sleep efficiency may experience selective
deprivation of stage N3 sleep. This has been linked to abdominal obesity,%° through such
potential mechanisms as the autonomic nervous system and hypothalamic pituitary adrenal
axis.9

Sleep quality, often measured with tools such as the Pittsburgh Sleep Quality Index
(PSQI),%2 has been associated obesity in some studies,?3%4 but not others.% The PSQI
includes multiple components similar to the previous described domains, including sleep
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duration, habitual sleep efficiency, and daytime dysfunction, and thus may influence obesity
through similar pathways.

Obesity comorbidities associated with sleep

Sleep disordered breathing

Although short sleep is hypothesized to influence obesity, obesity, usually defined as a BMI
> 30 kg/m?, may affect aspects of sleep. Obstructive sleep apnea (OSA), the most common
form of sleep-disordered breathing, is characterized by the repetitive partial or total collapse
of the upper airway, and is a highly prevalent consequence of obesity. Strong dose-response
relationships have been found between obesity and OSA, where a higher body mass index is
associated with greater OSA severity.9-104 |n longitudinal studies, both high baseline
weight and weight change have been associated with the speedier development of more
severe OSA.105-107 Randomized trials have also demonstrated that weight loss is associated
with decreases in the severity of OSA.198 Such an accumulation of evidence is suggestive of
obesity’s causal effect on OSA. While OSA had previously been thought to worsen obesity,
recent data from randomized trials demonstrate that OSA treatment is associated with
weight gain rather than weight loss.109

Excess body weight may exacerbate OSA through different pathways. Animal models
suggest that parapharyngeal neck fat may directly compress the upper airway.119 Human
physiologic studies demonstrate a strong correlation between BMI and the passive
collapsing pressure of the upper airway.11! By displacing the diaphragm upwards,
abdominal adiposity reduces lung volume and therefore downwards tracheal traction. This
loss of “tracheal tug” has been associated with greater upper airway collapsibility.}12 Recent
imaging studies also suggest obesity is associated with intramuscular deposition of fat in
areas such as the tongue, which may not only narrow the upper airway, but also interfere
with the upper airway dilating function of these muscles.113

Other obesity comorbidities

Besides OSA, other obesity comorbidities may also impact sleep. Depression has been
consistently associated with both sleep and obesity, though the directionality is unclear. In
longitudinal studies, depression and obesity have been associated in both adults and
adolescents.114.115 Obesity may influence depression through insulin resistance or diabetes,
which may influence the brain.116 Psychologically, obesity may lead to lower self-esteem,
higher body dissatisfaction, and disordered eating,11” which have been associated with
increased risk of depression. Obesity and depression may also affect each other through
inflammation,118:119 and/or dysregulation of the hypothalamic-pituitary-adrenal axis.120
Depression may also influence obesity through poor lifestyle behaviors, such as poor diet
quality, high sedentary activity, and low physical activity.

Depression has also been linked to sleep disturbances. Both short and long sleep duration
have been linked to depression in a meta-analysis of prospective studies.12! Insufficient
sleep has also been associated with poor treatment outcomes for depression.22 Short sleep
may lead to daytime sleepiness and/or fatigue, which has been associated with
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depression.123.124 Depression has also been linked to other sleep disturbances, particularly
insomnia, though the relationship is likely bidirectional 125

Obesity has also been associated with gastroesophageal reflux disease (GERD).126.127 |
most studies, obesity has been positively associated with GERD symptoms, erosive
esophagitis, and esophageal adenocarcinoma,128 though some relied on self-report measures
of height and weight. Increases in weight over time compared to no change have also been
associated with a higher risk of GERD symptoms.126 In obese individuals, adipose tissue
may compress the stomach, leading to increases in intragastric pressure, disruption of the
gastroesophageal junction, and relaxation of the lower esophageal sphincter, which may
facilitate hiatal hernia formation.128 Few studies have examined the potentially bidirectional
association between short sleep duration and GERD,129:130 especially in community or
population-based samples.131 Results have been mixed, as two studies found an association
between short sleep and GERD while another found no association. GERD is typically
worse when supine and can be a cause of sleep disruption.

Obesity is also an established risk factor for degenerative joint disease or
osteoarthritis.132-134 Compared to those of normal weight, obesity has been associated with
risk of incident osteoarthritis13® and the worsening of prevalent osteoarthritis, 136 while
weight loss has been associated with lower risk137 and reductions in pain symptoms.138
Excess weight adds additional pressure to the joints, while weight loss can reduce joint
loads. Arthritis pain is commonly associated with disturbed sleep and poor sleep quality.13°

Obesity and overweight have been associated with astama in both children and adults. 140
Both overall and abdominal obesity have been associated with risk of incident asthma,14
while weight loss has been associated with improvement of asthma symptoms.142 Those
with obesity and asthma may represent a distinct phenotype that is more severe and harder to
control.143.144 Compared to normal weight asthmatics, obese patients with asthma respond
less well to established asthma treatments.14> Asthma symptoms tend to worsen at night and
have been associated with impairments in sleep.146.147

Besides comorbidities, obesity may have a direct effect on sleep. In clinical samples, obese
patients without sleep apnea are more likely to experience daytime sleepiness and nighttime
sleep disturbances compared to those of normal weight.148.149 Further, in the general
population, obesity has been identified as a risk factor for excessive daytime sleepiness
independent of both sleep apnea and depression, supporting the notion of a direct effect on
obesity on sleep mechanisms.%8 In uncontrolled studies, bariatric surgery is associated with
improvements in sleep quality and daytime sleepiness.1°0 It is hypothesized that daytime
sleepiness in obesity may represent effects of elevated pro-inflammatory cytokine levels or
hypothalamo-pituitary-adrenal axis dysfunction.1%1

Conclusion

Short sleep duration and other aspects of poor sleep habits are growing in prevalence in
modern society in both children and adults. A growing literature has established that short
sleep duration and other dimensions of poor sleep are associated with obesity and appear to
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predict obesity risk and rate of weight gain longitudinally. Small experimental studies

su
of
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o)

ggest poor sleep may impact dietary intake particularly hedonic eating. However, because
the potential for confounding and reverse causation, it is yet unclear whether poor sleep
tually causes obesity. Interventional studies that target improvements in sleep habits are
rely needed to assess the potential of sleep-focused therapies as tools in combating the

obesity epidemic. Public health interventions such as delaying school start times provide
opportunities to improve sleep health and may be used to test whether improving sleep has
effects on obesity risk.

References
1.

10

11.

12.

13.

Hobson JA. Sleep is of the brain, by the brain and for the brain. Nature. 2005; 437(7063):1254—
1256. [PubMed: 16251949]

. Everson CA, Bergmann BM, Rechtschaffen A. Sleep deprivation in the rat: I11. Total sleep

deprivation. Sleep. 1989; 12(1):13-21. [PubMed: 2928622]

. Krueger JM, Frank MG, Wisor JP, Roy S. Sleep function: Toward elucidating an enigma. Sleep Med

Rev. 2016; 28:46-54. [PubMed: 26447948]

. Benington JH, Heller HC. Restoration of brain energy metabolism as the function of sleep. Prog

Neurobiol. 1995; 45(4):347-360. [PubMed: 7624482]

. Tononi G, Cirelli C. Sleep and the price of plasticity: from synaptic and cellular homeostasis to

memory consolidation and integration. Neuron. 2014; 81(1):12-34. [PubMed: 24411729]

. Xie L, Kang H, Xu Q, et al. Sleep drives metabolite clearance from the adult brain. Science. 2013;

342(6156):373-377. [PubMed: 24136970]

. US Department of Health and Human Services Office of Disease Prevention and Health Promotion.

[Accessed March 27, 2015] Healthy People 2020. http://www.healthypeople.gov/2020/topics-
objectives/2020-Topics-and-Objectives-Objectives-A-Z

. Paruthi S, Brooks LJ, D’Ambrosio C, et al. Recommended Amount of Sleep for Pediatric

Populations: A Consensus Statement of the American Academy of Sleep Medicine. J Clin Sleep
Med. 2016; 12(6):785-786. [PubMed: 27250809]

. Owens J. Adolescent Sleep Working G, Committee on A. Insufficient sleep in adolescents and

young adults: an update on causes and consequences. Pediatrics. 2014; 134(3):921-932. [PubMed:
25157012]

. Basch CE, Basch CH, Ruggles KV, Rajan S. Prevalence of sleep duration on an average school
night among 4 nationally representative successive samples of American high school students,
2007-2013. Prev Chronic Dis. 2014; 11:E216. [PubMed: 25496556]

Matricciani L, Olds T, Petkov J. In search of lost sleep: secular trends in the sleep time of school-
aged children and adolescents. Sleep Med Rev. 2012; 16(3):203-211. [PubMed: 21612957]
Watson NF, Badr MS, Belenky G, et al. Recommended Amount of Sleep for a Healthy Adult: A
Joint Consensus Statement of the American Academy of Sleep Medicine and Sleep Research
Society. Sleep. 2015; 38(6):843-844. [PubMed: 26039963]

Mukherjee S, Patel SR, Kales SN, et al. An Official American Thoracic Society Statement: The
Importance of Healthy Sleep. Recommendations and Future Priorities. American journal of
respiratory and critical care medicine. 2015; 191(12):1450-1458. [PubMed: 26075423]

14. Hirshkowitz M, Whiton K, Albert SM, et al. National Sleep Foundation’s sleep time duration

15.

16.

recommendations: methodology and results summary. Sleep Health. 2015; 1:40-43. [PubMed:
29073412]

Liu Y, Wheaton AG, Chapman DP, Cunningham TJ, Lu H, Croft JB. Prevalence of Healthy Sleep
Duration among Adults - United States, 2014. MMWR Morb Mortal Wkly Rep. 2016; 65(6):137—
141. [PubMed: 26890214]

Ford ES, Cunningham TJ, Croft JB. Trends in Self-Reported Sleep Duration among US Adults
from 1985 to 2012. Sleep. 2015; 38(5):829-832. [PubMed: 25669182]

Sleep Health. Author manuscript; available in PMC 2018 October 01.


http://www.healthypeople.gov/2020/topics-objectives/2020-Topics-and-Objectives-Objectives-A-Z
http://www.healthypeople.gov/2020/topics-objectives/2020-Topics-and-Objectives-Objectives-A-Z

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ogilvie and Patel

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Page 9

Covassin N, Singh P. Sleep Duration and Cardiovascular Disease Risk: Epidemiologic and
Experimental Evidence. Sleep Med Clin. 2016; 11(1):81-89. [PubMed: 26972035]

Ohayon MM, Carskadon MA, Guilleminault C, Vitiello MV. Meta-analysis of quantitative sleep
parameters from childhood to old age in healthy individuals: developing normative sleep values
across the human lifespan. Sleep. 2004; 27(7):1255-1273. [PubMed: 15586779]

Silva GE, Goodwin JL, Sherrill DL, et al. Relationship between reported and measured sleep
times: the sleep heart health study (SHHS). J Clin Sleep Med. 2007; 3(6):622—-630. [PubMed:
17993045]

Krueger PM, Friedman EM. Sleep duration in the United States: a cross-sectional population-based
study. American journal of epidemiology. 2009; 169(9):1052-1063. [PubMed: 19299406]

Lauderdale DS, Knutson KL, Yan LL, et al. Objectively measured sleep characteristics among
early-middle-aged adults: the CARDIA study. American journal of epidemiology. 2006; 164(1):5-
16. [PubMed: 16740591]

Chen X, Wang R, Zee P, et al. Racial/Ethnic Differences in Sleep Disturbances: The Multi-Ethnic
Study of Atherosclerosis (MESA). Sleep. 2015; 38(6):877-888. [PubMed: 25409106]

Hale L, Do DP. Racial differences in self-reports of sleep duration in a population-based study.
Sleep. 2007; 30(9):1096-1103. [PubMed: 17910381]

Dzaja A, Arber S, Hislop J, et al. Women’s sleep in health and disease. J Psychiatr Res. 2005;
39(1):55-76. [PubMed: 15504424]

Jean-Louis G, Kripke DF, Ancoli-Israel S, Klauber MR, Sepulveda RS. Sleep duration,
illumination, and activity patterns in a population sample: effects of gender and ethnicity. Biol
Psychiatry. 2000; 47(10):921-927. [PubMed: 10807965]

Ertel KA, Berkman LF, Buxton OM. Socioeconomic status, occupational characteristics, and sleep
duration in African/Caribbean immigrants and US White health care workers. Sleep. 2011; 34(4):
509-518. [PubMed: 21461330]

Whinnery J, Jackson N, Rattanaumpawan P, Grandner MA. Short and long sleep duration
associated with race/ethnicity, sociodemographics, and socioeconomic position. Sleep. 2014,
37(3):601-611. [PubMed: 24587584]

Nunes J, Jean-Louis G, Zizi F, et al. Sleep duration among black and white Americans: results of
the National Health Interview Survey. J Natl Med Assoc. 2008; 100(3):317-322. [PubMed:
18390025]

Stamatakis KA, Kaplan GA, Roberts RE. Short sleep duration across income, education, and race/
ethnic groups: population prevalence and growing disparities during 34 years of follow-up. Annals
of epidemiology. 2007; 17(12):948-955. [PubMed: 17855122]

Ruiter ME, Decoster J, Jacobs L, Lichstein KL. Normal sleep in African-Americans and
Caucasian-Americans: A meta-analysis. Sleep Med. 2011; 12(3):209-214. [PubMed: 21317037]

Ryu SY, Kim KS, Han MA. Factors associated with sleep duration in Korean adults: results of a
2008 community health survey in Gwangju metropolitan city, Korea. J Korean Med Sci. 2011,
26(9):1124-1131. [PubMed: 21935265]

Stranges S, Dorn JM, Shipley MJ, et al. Correlates of short and long sleep duration: a cross-cultural
comparison between the United Kingdom and the United States: the Whitehall 11 Study and the
Western New York Health Study. Am J Epidemiol. 2008; 168(12):1353-1364. [PubMed:
18945686]

Desantis AS, Diez Roux AV, Moore K, Baron KG, Mujahid MS, Nieto FJ. Associations of
neighborhood characteristics with sleep timing and quality: the Multi-Ethnic Study Of
Atherosclerosis. Sleep. 2013; 36(10):1543-1551. [PubMed: 24082314]

Johnson DA, Lisabeth L, Hickson D, et al. The Social Patterning of Sleep in African Americans:
Associations of Socioeconomic Position and Neighborhood Characteristics with Sleep in the
Jackson Heart Study. Sleep. 2016; 39(9):1749-1759. [PubMed: 27253767]

Simonelli G, Dudley KA, Weng J, et al. Neighborhood Factors as Predictors of Poor Sleep in the
Sueno Ancillary Study of the Hispanic Community Health Study/Study of Latinos. Sleep. 2017;
40(1)

Johnson DA, Simonelli G, Moore K, et al. The Neighborhood Social Environment and Objective
Measures of Sleep in the Multi-Ethnic Study of Atherosclerosis. Sleep. 2016

Sleep Health. Author manuscript; available in PMC 2018 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ogilvie and Patel

37.

38.
39.
40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Page 10

Patel SR, Sotres-Alvarez D, Castaneda SF, et al. Social and Health Correlates of Sleep Duration in
a US Hispanic Population: Results from the Hispanic Community Health Study/Study of Latinos.
Sleep. 2015; 38(10):1515-1522. [PubMed: 26085298]

Hale L. Who has time to sleep? J Public Health (Oxf). 2005; 27(2):205-211. [PubMed: 15749721]
Biddle JE, Hamermesh DS. Sleep and the Allocation of Time. J Polit Econ. 1990; 98(5):922-943.
Basner M, Fomberstein KM, Razavi FM, et al. American time use survey: Sleep time and its
relationship to waking activities. Sleep. 2007; 30(9):1085-1095. [PubMed: 17910380]

Basner M, Spaeth AM, Dinges DF. Sociodemographic characteristics and waking activities and
their role in the timing and duration of sleep. Sleep. 2014; 37(12):1889-1906. [PubMed:
25325472]

Akerstedt T. Shift work and disturbed sleep/wakefulness. Occup Med (Lond). 2003; 53(2):89-94.
[PubMed: 12637592]

Hale L, Guan S. Screen time and sleep among school-aged children and adolescents: a systematic
literature review. Sleep Med Rev. 2015; 21:50-58. [PubMed: 25193149]

Cain N, Gradisar M. Electronic media use and sleep in school-aged children and adolescents: A
review. Sleep Med. 2010; 11(8):735-742. [PubMed: 20673649]

Christensen MA, Bettencourt L, Kaye L, et al. Direct Measurements of Smartphone Screen-Time:
Relationships with Demographics and Sleep. PLoS One. 2016; 11(11):e0165331. [PubMed:
27829040]

Leech JA. Changes in sleep duration and recreational screen time among Canadians, 1998-2010. J
Sleep Res. 2017; 26(2):202-209. [PubMed: 27995665]

Gooley JJ, Chamberlain K, Smith KA, et al. Exposure to room light before bedtime suppresses
melatonin onset and shortens melatonin duration in humans. J Clin Endocrinol Metab. 2011;
96(3):E463-472. [PubMed: 21193540]

Burgess HJ. Evening ambient light exposure can reduce circadian phase advances to morning light
independent of sleep deprivation. J Sleep Res. 2013; 22(1):83-88. [PubMed: 22889464]

Hale L, Rivero-Fuentes E. Negative acculturation in sleep duration among Mexican immigrants
and Mexican Americans. J Immigr Minor Health. 2011; 13(2):402-407. [PubMed: 19728094]

Seicean S, Neuhauser D, Strohl K, Redline S. An exploration of differences in sleep characteristics
between Mexico-born US immigrants and other Americans to address the Hispanic Paradox.
Sleep. 2011; 34(8):1021-1031. [PubMed: 21804664]

Lara M, Gamboa C, Kahramanian MI, Morales LS, Bautista DE. Acculturation and Latino health
in the United States: a review of the literature and its sociopolitical context. Annu Rev Public
Health. 2005; 26:367-397. [PubMed: 15760294]

Flegal KM, Kruszon-Moran D, Carroll MD, Fryar CD, Ogden CL. Trends in Obesity Among
Adults in the United States, 2005 to 2014. JAMA. 2016; 315(21):2284-2291. [PubMed:
27272580]

Ogden CL, Carroll MD, Lawman HG, et al. Trends in Obesity Prevalence Among Children and
Adolescents in the United States, 1988-1994 Through 2013-2014. JAMA.. 2016; 315(21):2292—
2299. [PubMed: 27272581]

Knutson KL, Spiegel K, Penev P, Van Cauter E. The metabolic consequences of sleep deprivation.
Sleep Med Rev. 2007; 11(3):163-178. [PubMed: 17442599]

Cappuccio FP, Taggart FM, Kandala NB, et al. Meta-analysis of short sleep duration and obesity in
children and adults. Sleep. 2008; 31(5):619-626. [PubMed: 18517032]

Wu' Y, Zhai L, Zhang D. Sleep duration and obesity among adults: a meta-analysis of prospective
studies. Sleep Med. 2014; 15(12):1456-1462. [PubMed: 25450058]

Sperry SD, Scully ID, Gramzow RH, Jorgensen RS. Sleep Duration and Waist Circumference in
Adults: A Meta-Analysis. Sleep. 2015

Capers PL, Fobian AD, Kaiser KA, Borah R, Allison DB. A systemic review and meta-analysis of
randomized controlled trials of the impact of sleep duration on adiposity and components of
energy balance. Obesity reviews : an official journal of the International Association for the Study
of Obesity. 2015; 16(9):771-782. [PubMed: 26098388]

Sleep Health. Author manuscript; available in PMC 2018 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ogilvie and Patel

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

Page 11

Patel SR, Hu FB. Short sleep duration and weight gain: a systematic review. Obesity. 2008; 16(3):
643-653. [PubMed: 18239586]

Cespedes EM, Hu FB, Redline S, et al. Comparison of Self-Reported Sleep Duration With
Actigraphy: Results From the Hispanic Community Health Study/Study of Latinos Sueno
Ancillary Study. American journal of epidemiology. 2016; 183(6):561-573. [PubMed: 26940117]

Lauderdale DS, Knutson KL, Yan LL, Liu K, Rathouz PJ. Self-reported and measured sleep
duration: how similar are they? Epidemiology. 2008; 19(6):838-845. [PubMed: 18854708]

Patel SR, Blackwell T, Ancoli-Israel S, Stone KL. Osteoporotic Fractures in Men-Mr OSRG. Sleep
characteristics of self-reported long sleepers. Sleep. 2012; 35(5):641-648. [PubMed: 22547890]

Chen X, Beydoun MA, Wang Y. Is sleep duration associated with childhood obesity? A systematic
review and meta-analysis. Obesity. 2008; 16(2):265-274. [PubMed: 18239632]

Patel SR, Malhotra A, White DP, Gottlieb DJ, Hu FB. Association between reduced sleep and
weight gain in women. American journal of epidemiology. 2006; 164(10):947-954. [PubMed:
16914506]

Lauderdale DS, Knutson KL, Rathouz PJ, Yan LL, Hulley SB, Liu K. Cross-sectional and
longitudinal associations between objectively measured sleep duration and body mass index: the
CARDIA Sleep Study. American journal of epidemiology. 2009; 170(7):805-813. [PubMed:
19651664]

Appelhans BM, Janssen |, Cursio JF, et al. Sleep duration and weight change in midlife women:
the SWAN sleep study. Obesity (Silver Spring). 2013; 21(1):77-84. [PubMed: 23505171]
Vgontzas AN, Fernandez-Mendoza J, Miksiewicz T, et al. Unveiling the longitudinal association
between short sleep duration and the incidence of obesity: the Penn State Cohort. International
journal of obesity. 2014; 38(6):825-832. [PubMed: 24100421]

Knutson KL. Does inadequate sleep play a role in vulnerability to obesity? Am J Hum Biol. 2012;
24(3):361-371. [PubMed: 22275135]

Patel SR, Malhotra A, Gottlieb DJ, White DP, Hu FB. Correlates of long sleep duration. Sleep.
2006; 29(7):881-889. [PubMed: 16895254]

Chaput JP. Sleep patterns, diet quality and energy balance. Physiol Behav. 2014; 134:86-91.
[PubMed: 24051052]

Briancon-Marjollet A, Weiszenstein M, Henri M, Thomas A, Godin-Ribuot D, Polak J. The impact
of sleep disorders on glucose metabolism: endocrine and molecular mechanisms. Diabetology &
metabolic syndrome. 2015; 7:25. [PubMed: 25834642]

Spiegel K, Tasali E, Penev P, Van Cauter E. Brief communication: Sleep curtailment in healthy
young men is associated with decreased leptin levels, elevated ghrelin levels, and increased hunger
and appetite. Ann Intern Med. 2004; 141(11):846-850. [PubMed: 15583226]

Chaput JP, St-Onge MP. Increased food intake by insufficient sleep in humans: are we jumping the
gun on the hormonal explanation? Front Endocrinol (Lausanne). 2014; 5:116. [PubMed:
25076940]

St-Onge MP, Wolfe S, Sy M, Shechter A, Hirsch J. Sleep restriction increases the neuronal
response to unhealthy food in normal-weight individuals. International journal of obesity. 2014;
38(3):411-416. [PubMed: 23779051]

Klingenberg L, Sjodin A, Holmback U, Astrup A, Chaput JP. Short sleep duration and its
association with energy metabolism. Obesity reviews : an official journal of the International
Association for the Study of Obesity. 2012; 13(7):565-577. [PubMed: 22440089]

Buysse DJ. Sleep health: can we define it? Does it matter? Sleep. 2014; 37(1):9-17. [PubMed:
24470692]

Patel SR, Hayes AL, Blackwell T, et al. The association between sleep patterns and obesity in older
adults. Int J Obes (Lond). 2014; 38(9):1159-1164. [PubMed: 24458262]

Ogilvie RP, Redline S, Bertoni AG, et al. Actigraphy Measured Sleep Indices and Adiposity: The
Multi-Ethnic Study of Atherosclerosis (MESA). Sleep. 2016; 39(9):1701-1708. [PubMed:
27306270]

Spruyt K, Molfese DL, Gozal D. Sleep duration, sleep regularity, body weight, and metabolic
homeostasis in school-aged children. Pediatrics. 2011; 127(2):e345-352. [PubMed: 21262888]

Sleep Health. Author manuscript; available in PMC 2018 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ogilvie and Patel

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

Page 12

He F, Bixler EO, Liao J, et al. Habitual sleep variability, mediated by nutrition intake, is associated
with abdominal obesity in adolescents. Sleep Med. 2015; 16(12):1489-1494. [PubMed: 26611945]

Kobayashi D, Takahashi O, Shimbo T, Okubo T, Arioka H, Fukui T. High sleep duration variability
is an independent risk factor for weight gain. Sleep Breath. 2013; 17(1):167-172. [PubMed:
22354882]

He F, Bixler EO, Berg A, et al. Habitual sleep variability, not sleep duration, is associated with
caloric intake in adolescents. Sleep Med. 2015; 16(7):856-861. [PubMed: 26002758]

Kjeldsen JS, Hjorth MF, Andersen R, et al. Short sleep duration and large variability in sleep
duration are independently associated with dietary risk factors for obesity in Danish school
children. International journal of obesity. 2014; 38(1):32-39. [PubMed: 23924757]

Stone MR, Stevens D, Faulkner GE. Maintaining recommended sleep throughout the week is
associated with increased physical activity in children. Prev Med. 2013; 56(2):112-117. [PubMed:
23201000]

Baron KG, Reid KJ, Kern AS, Zee PC. Role of sleep timing in caloric intake and BMI. Obesity.
2011; 19(7):1374-1381. [PubMed: 21527892]

Scharf RJ, DeBoer MD. Sleep timing and longitudinal weight gain in 4- and 5-year-old children.
Pediatr Obes. 2015; 10(2):141-148. [PubMed: 24919802]

Golley RK, Maher CA, Matricciani L, Olds TS. Sleep duration or bedtime? Exploring the
association between sleep timing behaviour, diet and BMI in children and adolescents.
International journal of obesity. 2013; 37(4):546-551. [PubMed: 23295498]

Knutson KL, Wu D, Patel SR, et al. Association Between Sleep Timing, Obesity, Diabetes: The
Hispanic Community Health Study/Study of Latinos (HCHS/SOL) Cohort Study. Sleep. 2017;
40(4)

Mezick EJ, Wing RR, McCaffery JM. Associations of self-reported and actigraphy-assessed sleep
characteristics with body mass index and waist circumference in adults: moderation by gender.
Sleep Med. 2014; 15(1):64-70. [PubMed: 24239499]

Patel SR, Blackwell T, Redline S, et al. The association between sleep duration and obesity in older
adults. International journal of obesity. 2008; 32(12):1825-1834. [PubMed: 18936766]

Tasali E, Leproult R, Ehrmann DA, Van Cauter E. Slow-wave sleep and the risk of type 2 diabetes
in humans. Proc Natl Acad Sci U S A. 2008; 105(3):1044-1049. [PubMed: 18172212]

Buysse DJ, Reynolds CF 3rd, Monk TH, Berman SR, Kupfer DJ. The Pittsburgh Sleep Quality
Index: a new instrument for psychiatric practice and research. Psychiatry Res. 1989; 28(2):193—
213. [PubMed: 2748771]

Bidulescu A, Din-Dzietham R, Coverson DL, et al. Interaction of sleep quality and psychosocial
stress on obesity in African Americans: the Cardiovascular Health Epidemiology Study (CHES).
BMC Public Health. 2010; 10:581. [PubMed: 20920190]

Rahe C, Czira ME, Teismann H, Berger K. Associations between poor sleep quality and different
measures of obesity. Sleep Med. 2015; 16(10):1225-1228. [PubMed: 26429750]

Gildner TE, Liebert MA, Kowal P, Chatterji S, Josh Snodgrass J. Sleep duration, sleep quality, and
obesity risk among older adults from six middle-income countries: findings from the study on
global AGEing and adult health (SAGE). Am J Hum Biol. 2014; 26(6):803-812. [PubMed:
25130760]

Young T, Palta M, Dempsey J, Skatrud J, Weber S, Badr S. The occurrence of sleep-disordered
breathing among middle-aged adults. N Engl J Med. 1993; 328(17):1230-1235. [PubMed:
8464434]

Bearpark H, Elliott L, Grunstein R, et al. Occurrence and correlates of sleep disordered breathing
in the Australian town of Busselton: a preliminary analysis. Sleep. 1993; 16(8 Suppl):S3-5.
[PubMed: 8178018]

Bixler EO, Vgontzas AN, Lin HM, Calhoun SL, Vela-Bueno A, Kales A. Excessive daytime
sleepiness in a general population sample: the role of sleep apnea, age, obesity, diabetes, and
depression. J Clin Endocrinol Metab. 2005; 90(8):4510-4515. [PubMed: 15941867]

Bixler EO, Vgontzas AN, Lin HM, et al. Prevalence of sleep-disordered breathing in women:
effects of gender. American journal of respiratory and critical care medicine. 2001; 163(3 Pt 1):
608-613. [PubMed: 11254512]

Sleep Health. Author manuscript; available in PMC 2018 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ogilvie and Patel

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

Page 13

Duran J, Esnaola S, Rubio R, Iztueta A. Obstructive sleep apnea-hypopnea and related clinical
features in a population-based sample of subjects aged 30 to 70 yr. American journal of
respiratory and critical care medicine. 2001; 163(3 Pt 1):685-689. [PubMed: 11254524]

Ip MS, Lam B, Lauder 1J, et al. A community study of sleep-disordered breathing in middle-aged
Chinese men in Hong Kong. Chest. 2001; 119(1):62—69. [PubMed: 11157585]

Ip MS, Lam B, Tang LC, Lauder 1J, Ip TY, Lam WK. A community study of sleep-disordered
breathing in middle-aged Chinese women in Hong Kong: prevalence and gender differences.
Chest. 2004; 125(1):127-134. [PubMed: 14718431]

Kim J, In K, Kim J, et al. Prevalence of sleep-disordered breathing in middle-aged Korean men
and women. American journal of respiratory and critical care medicine. 2004; 170(10):1108-
1113. [PubMed: 15347562]

Udwadia ZF, Doshi AV, Lonkar SG, Singh CI. Prevalence of sleep-disordered breathing and sleep
apnea in middle-aged urban Indian men. American journal of respiratory and critical care
medicine. 2004; 169(2):168-173. [PubMed: 14604837]

Peppard PE, Young T, Barnet JH, Palta M, Hagen EW, Hla KM. Increased prevalence of sleep-
disordered breathing in adults. American journal of epidemiology. 2013; 177(9):1006-1014.
[PubMed: 23589584]

Newman AB, Foster G, Givelber R, Nieto FJ, Redline S, Young T. Progression and regression of
sleep-disordered breathing with changes in weight: the Sleep Heart Health Study. Arch Intern
Med. 2005; 165(20):2408-2413. [PubMed: 16287771]

Tishler PV, Larkin EK, Schluchter MD, Redline S. Incidence of sleep-disordered breathing in an
urban adult population: the relative importance of risk factors in the development of sleep-
disordered breathing. JAMA. 2003; 289(17):2230-2237. [PubMed: 12734134]

Mitchell LJ, Davidson ZE, Bonham M, O’Driscoll DM, Hamilton GS, Truby H. Weight loss from
lifestyle interventions and severity of sleep apnoea: a systematic review and meta-analysis. Sleep
Med. 2014; 15(10):1173-1183. [PubMed: 25192671]

Drager LF, Brunoni AR, Jenner R, Lorenzi-Filho G, Bensenor 1M, Lotufo PA. Effects of CPAP on
body weight in patients with obstructive sleep apnoea: a meta-analysis of randomised trials.
Thorax. 2015; 70(3):258-264. [PubMed: 25432944]

Kairaitis K, Parikh R, Stavrinou R, et al. Upper airway extraluminal tissue pressure fluctuations
during breathing in rabbits. J Appl Physiol (1985). 2003; 95(4):1560-1566. [PubMed: 12832428]
Genta PR, Schorr F, Eckert DJ, et al. Upper airway collapsibility is associated with obesity and
hyoid position. Sleep. 2014; 37(10):1673-1678. [PubMed: 25197805]

Rowley JA, Permutt S, Willey S, Smith PL, Schwartz AR. Effect of tracheal and tongue
displacement on upper airway airflow dynamics. J Appl Physiol (1985). 1996; 80(6):2171-2178.
[PubMed: 8806927]

Kim AM, Keenan BT, Jackson N, et al. Tongue fat and its relationship to obstructive sleep apnea.
Sleep. 2014; 37(10):1639-1648. [PubMed: 25197815]

Faith MS, Butryn M, Wadden TA, Fabricatore A, Nguyen AM, Heymsfield SB. Evidence for
prospective associations among depression and obesity in population-based studies. Obesity
reviews : an official journal of the International Association for the Study of Obesity. 2011;
12(5):e438-453. [PubMed: 21414128]

Luppino FS, de Wit LM, Bouvy PF, et al. Overweight, obesity, and depression: a systematic
review and meta-analysis of longitudinal studies. Arch Gen Psychiatry. 2010; 67(3):220-229.
[PubMed: 20194822]

Moheet A, Mangia S, Seaquist ER. Impact of diabetes on cognitive function and brain structure.
Ann N Y Acad Sci. 2015; 1353:60-71. [PubMed: 26132277]

Atlantis E, Ball K. Association between weight perception and psychological distress.
International journal of obesity. 2008; 32(4):715-721. [PubMed: 18408736]

Vaccarino V, Johnson BD, Sheps DS, et al. Depression, inflammation, and incident cardiovascular
disease in women with suspected coronary ischemia: the National Heart, Lung, and Blood
Institute-sponsored WISE study. J Am Coll Cardiol. 2007; 50(21):2044-2050. [PubMed:
18021871]

Sleep Health. Author manuscript; available in PMC 2018 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ogilvie and Patel

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

Page 14

Shoelson SE, Herrero L, Naaz A. Obesity, inflammation, and insulin resistance. Gastroenterology.
2007; 132(6):2169-2180. [PubMed: 17498510]

Incollingo Rodriguez AC, Epel ES, White ML, Standen EC, Seckl JR, Tomiyama AJ.
Hypothalamic-pituitary-adrenal axis dysregulation and cortisol activity in obesity: A systematic
review. Psychoneuroendocrinology. 2015; 62:301-318. [PubMed: 26356039]

Zhai L, Zhang H, Zhang D. Sleep Duration and Depression among Adults: A Meta-Analysis of
Prospective Studies. Depress Anxiety. 2015; 32(9):664-670. [PubMed: 26047492]

Troxel WM, Kupfer DJ, Reynolds CF 3rd, et al. Insomnia and objectively measured sleep
disturbances predict treatment outcome in depressed patients treated with psychotherapy or
psychotherapy-pharmacotherapy combinations. J Clin Psychiatry. 2012; 73(4):478-485.
[PubMed: 22152403]

van Noorden MS, van Fenema EM, van der Wee NJ, Zitman FG, Giltay EJ. Predicting outcome of
depression using the depressive symptom profile: the Leiden Routine Outcome Monitoring
Study. Depress Anxiety. 2012; 29(6):523-530. [PubMed: 22555849]

Morris BH, Bylsma LM, Rottenberg J. Does emotion predict the course of major depressive
disorder? A review of prospective studies. Br J Clin Psychol. 2009; 48(Pt 3):255-273. [PubMed:
19187578]

Franzen PL, Buysse DJ. Sleep disturbances and depression: risk relationships for subsequent
depression and therapeutic implications. Dialogues Clin Neurosci. 2008; 10(4):473-481.
[PubMed: 19170404]

Jacobson BC, Somers SC, Fuchs CS, Kelly CP, Camargo CA Jr. Body-mass index and symptoms
of gastroesophageal reflux in women. N Engl J Med. 2006; 354(22):2340-2348. [PubMed:
16738270]

Chang P, Friedenberg F. Obesity and GERD. Gastroenterol Clin North Am. 2014; 43(1):161-173.
[PubMed: 24503366]

El-Serag H. The association between obesity and GERD: a review of the epidemiological
evidence. Dig Dis Sci. 2008; 53(9):2307-2312. [PubMed: 18651221]

Matsuki N, Fujita T, Watanabe N, et al. Lifestyle factors associated with gastroesophageal reflux
disease in the Japanese population. J Gastroenterol. 2013; 48(3):340-349. [PubMed: 22911169]

Chen MJ, Wu MS, Lin JT, et al. Gastroesophageal reflux disease and sleep quality in a Chinese
population. J Formos Med Assoc. 2009; 108(1):53-60. [PubMed: 19181608]

Murase K, Tabara Y, Takahashi Y, et al. Gastroesophageal reflux disease symptoms and dietary
behaviors are significant correlates of short sleep duration in the general population: the
Nagahama Study. Sleep. 2014; 37(11):1809-1815. [PubMed: 25364076]

Bliddal H, Leeds AR, Christensen R. Osteoarthritis, obesity and weight loss: evidence,
hypotheses and horizons - a scoping review. Obesity reviews : an official journal of the
International Association for the Study of Obesity. 2014; 15(7):578-586. [PubMed: 24751192]
Qin B, Yang M, Fu H, et al. Body mass index and the risk of rheumatoid arthritis: a systematic
review and dose-response meta-analysis. Arthritis Res Ther. 2015; 17:86. [PubMed: 25890172]
Russolillo A, lervolino S, Peluso R, et al. Obesity and psoriatic arthritis: from pathogenesis to
clinical outcome and management. Rheumatology (Oxford). 2013; 52(1):62-67. [PubMed:
22989426]

Lementowski PW, Zelicof SB. Obesity and osteoarthritis. Am J Orthop (Belle Mead NJ). 2008;
37(3):148-151. [PubMed: 18438470]

Muehleman C, Margulis A, Bae WC, Masuda K. Relationship between knee and ankle
degeneration in a population of organ donors. BMC Med. 2010; 8:48. [PubMed: 20667091]
Felson DT, Zhang Y, Anthony JM, Naimark A, Anderson JJ. Weight loss reduces the risk for
symptomatic knee osteoarthritis in women. The Framingham Study. Ann Intern Med. 1992;
116(7):535-539. [PubMed: 1543306]

Riddle DL, Stratford PW. Body weight changes and corresponding changes in pain and function
in persons with symptomatic knee osteoarthritis: a cohort study. Arthritis Care Res (Hoboken).
2013; 65(1):15-22. [PubMed: 22505346]

Pickering ME, Chapurlat R, Kocher L, Peter-Derex L. Sleep Disturbances and Osteoarthritis. Pain
Pract. 2016; 16(2):237-244. [PubMed: 25639339]

Sleep Health. Author manuscript; available in PMC 2018 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ogilvie and Patel

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

Page 15

Beuther DA, Sutherland ER. Overweight, obesity, and incident asthma: a meta-analysis of
prospective epidemiologic studies. American journal of respiratory and critical care medicine.
2007; 175(7):661-666. [PubMed: 17234901]

Brumpton B, Langhammer A, Romundstad P, Chen Y, Mai XM. General and abdominal obesity
and incident asthma in adults: the HUNT study. Eur Respir J. 2013; 41(2):323-329. [PubMed:
22653771]

Juel CT, Ali Z, Nilas L, Ulrik CS. Asthma and obesity: does weight loss improve asthma control?
a systematic review. J Asthma Allergy. 2012; 5:21-26. [PubMed: 22791994]

Labor M, Popovic-Grle S, Labor S, Juric I. Asthma control in obesity-associated asthma
phenotype in East Croatia. Med Glas (Zenica). 2014; 11(1):49-57. [PubMed: 24496341]

Moore WC, Meyers DA, Wenzel SE, et al. Identification of asthma phenotypes using cluster
analysis in the Severe Asthma Research Program. American journal of respiratory and critical
care medicine. 2010; 181(4):315-323. [PubMed: 19892860]

Sutherland ER, Camargo CA Jr, Busse WW, et al. Comparative effect of body mass index on
response to asthma controller therapy. Allergy Asthma Proc. 2010; 31(1):20-25. [PubMed:
20167142]

Fagnano M, Bayer AL, Isensee CA, Hernandez T, Halterman JS. Nocturnal asthma symptoms and
poor sleep quality among urban school children with asthma. Acad Pediatr. 2011; 11(6):493-499.
[PubMed: 21816697]

Koinis-Mitchell D, Kopel SJ, Seifer R, et al. Asthma-related lung function, sleep quality, and
sleep duration in urban children. Sleep Health. 2017; 3(3):148-156. [PubMed: 28526251]
Vgontzas AN, Bixler EO, Tan TL, Kantner D, Martin LF, Kales A. Obesity without sleep apnea is
associated with daytime sleepiness. Arch Intern Med. 1998; 158(12):1333-1337. [PubMed:
9645828]

Resta O, Foschino Barbaro MP, Bonfitto P, et al. Low sleep quality and daytime sleepiness in
obese patients without obstructive sleep apnoea syndrome. J Intern Med. 2003; 253(5):536-543.
[PubMed: 12702031]

Pinto TF, de Bruin PFC, de Bruin VMS, Lopes PM, Lemos FN. Obesity, Hypersomnolence, and
Quality of Sleep: the Impact of Bariatric Surgery. Obes Surg. 2017; 27(7):1775-1779. [PubMed:
28054298]

Vgontzas AN, Bixler EO, Chrousos GP. Obesity-related sleepiness and fatigue: the role of the
stress system and cytokines. Ann N Y Acad Sci. 2006; 1083:329-344. [PubMed: 17148748]

Sleep Health. Author manuscript; available in PMC 2018 October 01.



	Abstract
	Role of sleep
	Epidemiology of sleep duration
	Correlates of short sleep duration
	Demographic factors
	Other factors

	Short sleep duration and obesity
	Other sleep domains and obesity
	Obesity comorbidities associated with sleep
	Sleep disordered breathing
	Other obesity comorbidities

	Conclusion
	References

