1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Sleep Med Disord. Author manuscript; available in PMC 2019 June 06.

-, HHS Public Access
«

Published in final edited form as:
Sleep Med Disord. 2018 ; 2(5): 127-133.

Sleep health disparity: the putative role of race, ethnicity and
socioeconomic status

Shazia Jehan?l, Alyson K Myers?, Ferdinand Zizi2, Seithikurippu R Pandi-Perumal3, Girardin
Jean-Louis!, Navneet Singh4, Justina Ray#, and Samy | McFarlane*

1Department of Population Health, New York University School of Medicine, USA
2Department of Medicine, North Shore University Hospital, USA
3Somnogen Canada Inc., Toronto, Canada

4Department of Medicine, SUNY Downstate Medical Center, USA

Abstract

Sleep plays a pivotal role in both physical and mental health. Sleep quality can be affected by
many socio demographic factors, such as race and/or ethnicity, as well as socio economic status
(SES). Chronic sleep deprivation is associated with unhealthy behaviors such as alcohol abuse and
also places individuals at risk for chronic diseases including obesity, cardiovasculardisease (CVD),
depression, and/or anxiety. This review explores the common socio demographic factors and SES
that can lead to sleep disturbances. Among these factors are shift work, poor dietary habits,
smoking and alcohol abuse. Such factors need to be considered by health care providers in the
clinical assessment and management plans of patients with sleep disorders.
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Introduction

The role of race/ethnicity in sleep disturbance

Socio demographic factors, especially race/ethnicity, are strongly associated with sleep
disturbances even during childhood.! As a result, health care providers should take this into
account when assessing sleep problems. Using the terms “race” or “ethnicity” can
oversimplify the commonalities that research participants may share,? therefore differences
in race and ethnicity may need to be further examined. Several lines of evidence suggested
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differences in sleep architecture can be seen amongst different ethnicities/races. Studies can
vary in the use of self-report vs. actigraphy vs. polysomnography to assess sleep. Most
studies have looked at the differences between Black and Caucasian populations. In a
comparison of these populations, Caucasian women had the best components of a good
night’s sleep (i.e. sleep latency); whereas Black males had the worst.3 This effect was even
seen in a comparison of Blacks and Caucasians in England:, Black individuals reported a
shorter sleep duration and earlier awakening.? It is suggested that the higher prevalence of
OSA in African-Americans (AAs) compared to Caucasian Americans (CAs), especially in
younger people, contributes to the higher rates of disturbed sleep in AAs.> The same trend
can be seen in Black African and Caribbean female immigrants to the US: shorter duration
in sleep compared to CAs. Working the night shift or long hours were variables associated
with this.® The concentration of Black and other ethnic minorities in metropolitan areas has
also been seen as an explanation for this sleep disparity.” Despite one’s health status,
education, income, and race/ ethnicity all can impact sleep duration.8

When assessing self-report versus formal sleep testing, all ethnic groups overestimate how
much they sleep and actigraphy can also overestimate by 45 minutes when compared to
polysomnography.?10 It was confirmed after 9 nights of actigraphy and 2 nights of
polysomnography that Black individuals had shorter sleep duration and less sleep efficiency
compared to both whites and Asians, but there was no difference in reported sleep quality or
daytime fatigue.® In a sample of Hispanics, there was no difference between subgroups (i.e.
Dominican, Cuban, or Mexican) in the correlation between self-reported sleep duration and
actigraphy.1 This sleep “insufficiency” contributes to the increased rates of cardiovascular
diseases (CVD), stroke, obesity, and Type 2 diabetes mellitus (T2DM) in AAs compared to
CAs.12 Black people who are short sleepers (less than 6 hours) or long sleepers (greater than
8 hours) have a two-fold increased risk of diabetes when compared to their white
counterparts (Table 1).13

In one study, AAs showed a higher neutrophil count compared to the counts of other
ethnicities. The inflammatory process can lead to devastating major health issues such as
T2DM, increased cholesterol levels, Obstructive Sleep Apnea (OSA) and disturbed sleep.14
OSA is more common in AAs and Hispanics than it is in CAs. Despite this higher
prevalence of sleep-disordered breathing (SDB) among AAs than CAs, CAs report more
sleep complaints or insomnia complaints,1>:16 and have greater use of sleeping aids.1” In a
multiethnic sample of people, Hispanic and Black women regardless of BMI had the highest
reported rates of snoring (3-5/week). There can be intra-racial variations of SDB; among
Asians, there is a higher prevalence of OSA among Chinese compared with Indians.1® Mood
disorders have been associated with abnormalities in sleep. For example, markedly reduced
rapid eye movement sleep onset latency (REMOL) is seen in people with depression.1® In a
study examining the polysomnography differences in a multi-ethnic study of adolescents, a
history of depression in the parent further contributed to some of the ethnic sleep
differences.20 In this cohort, African-Americans and Asian-Americans had shorter REM
sleep that Mexican-American or non-Hispanic Whites.
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Female gender

Smoking

Women with sleep apnea have greater rates of co-morbid insomnia when compared to their
male counterparts; particularly sleep onsetor psycho physiological insomnia.21 In a
convenience sample from central Pennsylvania, women were nearly twice as likely to report
insomnia as men (OR=1.6, 95% CI: 1.1, 2.4, P=.01).22 Sleep differences amongst women
can vary by race/ethnicity. In a study of white versus non-white breast cancer survivors, total
sleep time was better for white women; however the small sample size (n=78) with only
23% of patients being non-white limits the generalizability of this study,23 Higher rates of
depressive symptoms, pain, and fatigue in non-White patients likely contributed to this
variation in sleep (Table 2).

Treating co-morbid medical and/or psychiatric conditions will help the physician to
diagnose and to treat underlying insomnia. One such condition is a premenstrual dysmorphic
disorder (PMDD). PMDD is a cluster of symptoms including disturbed sleep, which usually
occurs during the luteal phase one week before the menstrual cycle.2* Other symptoms can
include, but are not limited to depressed mood, anxiety, sudden tearfulness, irritability, sleep
disturbances, breast tenderness, and bloating; women tend to experience disturbed sleep
during this time period. Women going through menopause can also have emotional and
sleep disturbances. Post-menopausal women have a higher night awakenings and prevalence
of OSA as compared to pre-menopausal women. Weight gain during menopause does not
appear to be the only factor responsible for this condition as changes in neck anatomy
contribute to these increased rates of OSA.25

Smoking has a negative impact on sleep architecture. Nicotine itself has been implicated in
sleep disturbances; cigarette smoking is one of the risk factors for disturbed sleep.2% In a
study of nonsmokers vs. smokers, those who smoke had a higher apnea-hypopnea index
(AHI), longer sleep latency, and more subjective sleep complaints. The duration of smoking
correlated positively with this disturbances.2” Smoking prevalence is higher in poor areas
and for low socioeconomic status (SES) populations, which overall leads to the poor health
of individuals in the general population.28 The amount that one smokes can also impact
sleep disturbances. In a longitudinal study of smokers, those who were heavy smokers (over
1.5 packs/days), especially those with depressive symptoms or older age, had higher rates of
insomnia as measured by the Bergen Insomnia Scale.?® This effect persists into late mid-life
when chronic smokers are compared to those who never smoked, quit or decreased their
tobacco use.30 The converse of this relationship between smoking and insomnia has been
seen as well. In a study based on self-reported insomnia, heavy smokers had more insomnia
than light or non-smokers; the effect was lost when the analysis was evaluated using health
variables such as hypertension or heart disease.3! In chronic smokers, not only the self-
reported sleep quality is disturbed, but also the duration of sleep is shorter than compared to
those who don’t smoke.32 Cigarette smoking is highly correlated with sleep problems and
depression, which is a very common condition among cigarette smokers.33

The prevalence and consequences of tobacco abuse make it necessary for physicians to
counsel patients about smoking cessation each primary care physician office visits. The
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physician should emphasize the patient’s need to cease smoking and the associated health
benefits during each office visit. Counseling about the hazardous effects of smoking on
health and related sleep problems should not only be offered to young people, but also to
elderly people. These programs should be implemented in the community with a greater
responsibility to give better health to the patient and to prevent future mental and physical
health problems, which are caused by smoking.34

Alcohol use has a bidirectional relationship with disturbed sleep: alcohol can cause poor
sleep and poor sleep can predispose people to self-medicate with alcohol. As a result,
screening for substance abuse in people with sleep disturbances should be incorporated into
primary care, this is especially true of binge drinking behavior in which five or more drinks
are consumed.3® In a study examining the association of self-reported sleep duration and
alcohol consumption, men who binged drink were more likely to be short sleepers (less than
6 hours). Also, there was an association between emotional eating in these men. Therefore,
to prevent these disorders, patients should be counseled and encouraged to participate in
smoking cessation and alcohol abuse cessation programs at an early age to prevent future
health problems.36

Dietary intake

The relationship between sleep duration and obesity has been described as U-shaped:
decreased sleep among the overweight and obese, but greater in the morbidly obese or
normal weight.3” However, this has been up for debate, as some studies have shown an
inverse relationship between the two and others have not. Some of the limitations noted in
the studies are the reliance on self-report for sleep duration, as well as the impact of co-
morbid conditions, which can affect outcomes such as sleep apnea or chronic pain.38
Duration of sleep deprivation should be considered when assessing this relationship. In the
Whitehall study, in the cross-sectional analysis, there was an inverse relationship between
sleep duration and waist circumference and BMI, but the association was lost when the data
was examined prospectively.39 Associations between elevated BMI and 6 hours of sleep or
less a night were seen in both a cross-sectional as well as longitudinal analysis of National
Health and Nutrition Examination Survey (NHANES) | data.*? Hormonal changes occur
during periods of sleep deprivation: leptin decreases and ghrelin rises, which induce hunger
leading to increased caloric consumption. In a study of ten healthy subjects, there was a
significant increase in ghrelin levels when the men were forced to stay up all night as
opposed to the nights in which they had 4.5 or 7 hours of sleep.*! In another study of 12
healthy men, those who had only 4 hours of sleep had 18% less leptin and 28% more ghrelin
than those who slept 10 hours.#2 Those who had the higher ghrelin levels had greater
cravings for calorie-dense foods high in carbohydrates like sweets or starches. The converse
was seen in a study of sleep-deprived women who were allowed to eat as they liked: despite
an increase in energy expenditure, leptin levels increased but ghrelin remained unchanged.*3
Authors speculate that this may be due to the fact that leptin can also increase during times
of recently increased food consumption (Figure 1).
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Cortisol and growth hormone (GH) are also increased during periods of sleep loss. They are
associated with increased abdominal adiposity as well as increased insulin resistance, thus
contributing to both obesity and diabetes.# In addition to hormonal changes, sleep
deprivation can also lead to a reduction in energy expenditure. A group of young adults with
BMI of 22-27 who typically get 7-9 hours of sleep was randomly allowed to sleep 4 or 9
hours on 5 consecutive days. On the fifth days, those who only slept 4 hours the night before
were found to have increased intake of energy by consumption of more food, but no
compensatory increase in energy expenditure.#® This decrease in energy expenditure was not
seen in a study comparing 5.5 hours to 8.5 hours of sleep, however, the increased cravings
for snacking were seen especially between 7pm and 7am.*6 The difference in outcome
between these studies may lie in the fact that the latter used overweight sedentary volunteers.
Sedentary lifestyle, including minimal movement at work or watching hours of TV, have
been associated with obesity.4” People who sleep less tend to consume more, especially
more carbohydrates, which can lead to weight gain and obesity.#8 Lifestyle modifications
can also play an important role in controlling the obesity epidemic, which can be achieved
by eating less and exercising more, even just walking at least 15 minutes every day.4°

Sleep disturbances commonly occur in shift workers because of the disturbance in the
circadian timing system. In addition, missed social events and daytime sleepiness can
contribute to emotional and sleep disturbances.>? Shift workers, especially those who work
nights, have a self-reported higher prevalence of insomnia and mental disorders compared to
non-shift workers.>1 The hormonal imbalances among night shift workers have been
associated with breast cancer as well as the metabolic syndrome (Figure 2).52:53.54

Socioeconomic status

SES plays an important role in an individual’s health. Having a high overall income level,
education, and assets status have more beneficial effects on an individual’s mental and
physical health than those who are less educated, unemployed, and low SES.%6:57 SES is
more complicated that education as it involves exploring other variables such immigration
status, occupation, economic status, access to health care, and food security.?82 All of these
barriers have the potential to affect someone’s sleep. It has been suggested that low SES can
negate the association between a normal BMI and less disturbed sleep, as people of low SES
tend to work longer hours or work the night shift.3® Amongst minority populations, race not
SES may play a larger role in the sleep disturbances. It is suggested that lower levels of
education and household income in African-Americans compared to whites may be the
reason.>® Blacks regardless of SES had a higher percentage of Stage 2 and a lower
percentage of Stage 3 and 4 sleep compared to whites or Asians.® In a sample of adults who
grew up in low SES environments (as defined as parental education less than high school),
low SES persisted into adulthood and was associated with Black race, greater time in Stage
2 sleep and less slow wave sleep.89 This was also seen in a study examining sleep
disturbance differences and SES-related discrimination experienced by whites and blacks.
Both high and low SES blacks (as defined by having a college degree or not) experienced
SES discrimination and sleep disturbances, whereas it was only an issue for low SES whites.
61 1n one study a similar finding was seen in whites — a lack of protection from improved
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SES: in whites who grow up in low SES, short sleep persists despite an improvement in
SES. 62

SES also impacts the neighborhood in which someone lives, which can impact sleep quality.
The difficulty in examining the relationship between neighborhoods and health is that an
individual’s SES can be lower or higher than the average; both can influence health
behaviors.5® Insomnia has been associated with living in poor, violent or noisy
neighborhoods.83 The other factors which can affect the sleep of persons who live in lower
SES neighborhoods are limited access to physical activity (i.e. inability to walk outdoors or
limited access to recreational facilities) or heightened arousal due to stress or high crime.54

Discussion

Sleep is an essential part of our lives, and an individual’s wellbeing depends on getting an
average of 7-8 hours of sleep/night. AAs have a greater prevalence of OSA, which is one of
the major contributing factors to a disturbed sleep.® Disturbed sleep deteriorates an
individual’s health physically and mentally and has a profound effect on a patient’s daily
functioning. Lack of sleep is associated with anxiety, depression, poor concentration,
fatigue, and poor work performance. Disturbed sleep also compromises physical health and
is associated with obesity, T2DM, metabolic syndrome, and CVD.5566 There are many
socio demographic factors, which can cause a disturbed sleep. Smoking is more prevalent in
low income and low educated persons, as well as in those with sleep and psychological
issues.! Smoking prevalence is higher in AAs living in urban areas and more stressful
environments.8” Alcohol dependence has a bidirectional relationship with insomnia and
sleep disturbances: alcohol can impair sleep quality and persons with insomnia sometimes
use alcohol to help with sleep.58 Active lifestyles and physical activity (as defined by 150
minutes/week of moderate exercise or 75 minutes/week of vigorous physical activity) are
also contributing factors of subjective good sleep quality, sleep efficiency and minimal
disturbed sleep.59

SES also must be accounted for when assessing sleep disturbance. Low SES is associated
with poor sleep compared to high SES; improvement in SES and neighborhood quality lead
to improvement in sleep problems.4 A balanced diet is essential for good health. Eating an
unhealthy diet impairs the mental and physical health of a person.”0 Eating unhealthy food
also causes sleep problems.”? On the other hand, in underdeveloped countries, low SES can
also cause problems tied to being underweight. Because of low SES, an individual can suffer
mental and physical health problems, which can then compromise the sleep quality of an
individual.”2 Both being underweight and being obese is associated with poor health.”3
Working night shifts also compromises a night’s sleep quality and can lead an individual to
suffer multiple health problems. Shift work causes changes in the normal circadian rhythm,
therefore depriving a patient of a normal sleep cycle and leading him to suffer from sleep
problems. Shift work can have a negative impact on an individual’s daily functioning,
possibly causing traffic accidents and other life hazards. Disturbed sleep is associated with
poor mental and physical health. To overcome this drastic sleep problem, one should not
only become educate about these socio demographic factors but also should address factors
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in one’s environment that lead to anxiety, depression, and chronic diseases such as obesity,
CVD, hypertension, and T2DM."*

Conclusion

A good night’s sleep is an essential part of maintaining an individual’s health, thus there is a
triangular relationship between sleep and both mental and physical health. Assessing socio
demographic variables are extremely important when evaluating sleep and sleep problems.
Sleep architecture and duration is often better among white patients than for their
counterparts, whether they be African American or the members of other minority ethnic/
racial groups. In addition to race, female gender and low SES can also account for increased
rates of sleep disturbances. Lifestyle behaviors, such as working night shifts, being
physically inactive, or consuming a diet high in fats and energy dense carbohydrates can also
impair sleep. Smoking, alcohol use and/or the use of illicit or hypnotic drugs also
compromise sleep quality and/or duration. The implications of poor sleep are many
including weight gain and obesity, CVD, T2DM, OSA, and metabolic syndrome. As a result,
the aforementioned factors should be addressed by healthcare providers in order to improve
the sleep quality of an individual and therefore increase the patient’s overall health.

Acknowledgments
This work is supported by the following funding agencies: R25-HL105444 and R25-HL 116378 (NHLBI); RO1-

MD007716 (NIMHD) to GJL. However, the funders had no role in study design, data collection, analysis and
decision to publish.

Abbreviations:

SES socio economic status
CvD cardiovascular disease
GH growth hormone

References

1. Martinez SA, Beebe LA, Thompson DM, et al. A structural equation modeling approach to
understanding pathways that connect socioeconomic status and smoking. Plos One. 2018;13(2).

2. Grandner MA, Williams NJ, Knutson KL, et al. Sleep disparity, race/ethnicity, and socioeconomic
position. Sleep Med. 2016;18:7-18. [PubMed: 26431755]

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

4. Malone SK, Patterson F, Lozano A, et al. Differences in morning— evening type and sleep duration
between Black and White adults: Results from a propensity-matched UK Biobank sample.
Chronobiol Int. 2017;34(6):740-752. [PubMed: 28488939]

5. Durrence HH, Lichstein KL. The sleep of African Americans: a comparative review. Behav Sleep
Med. 2006;4(1):29-44. [PubMed: 16390283]

6. Ertel KA, Berkman LF, and 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]

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

Sleep Med Disord. Author manuscript; available in PMC 2019 June 06.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Jehan et al.

Page 8

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

9. Mezick EJ, Matthews KA, Hall M, et al. Influence of race and socioeconomic status on sleep:
Pittsburgh Sleep SCORE project. Psychosom Med. 2008;70(4):410-416. [PubMed: 18480189]

10. Jackson CL, Patel SR, Lutsey PL, et al. Agreement between self-reported and objectively measured
sleep duration among white, black, Hispanic, and Chinese adults in the United States: multi-ethnic
study of atherosclerosis. Sleep. 2018;41(6).

11. Cespedes EM, Hu FB, Susan Redline, et al. Comparison of self-reported sleep duration with
actigraphy: Results from the hispanic community health study/study of latinos sueno ancillary
study. Am J Epidemiol. 2016;183(6):561-573. [PubMed: 26940117]

12. Adenekan B, Pandey A, Mckenzie S, et al. Sleep in America: Role of racial/ethnic differences.
Sleep Med Rev 2013;17(4):255-262. [PubMed: 23348004]

13. Zizi F, Pandey A, Bachmann RM, et al. Race/ethnicity, sleep duration, and diabetes mellitus:
analysis of the national health interview survey (NHIS). Am J Med. 2012;125(2):162-167.
[PubMed: 22269619]

14. Geovanini GR, Wang R, Weng J, et al. Association between obstructive sleep apnea and
cardiovascular risk factors-variation by age, sex and race: The multi-ethnic study of atherosclerosis
(MESA). Ann Am Thorac Soc 2018;15(8):970-977. [PubMed: 29742365]

15. Ruiter ME, DeCoster J, Lichstein KL et al. Sleep disorders in African Americans and Caucasian
Americans: a meta-analysis. Behav Sleep Med. 2010;8(4):246-259. [PubMed: 20924837]

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

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

18. Tan A, Cheung YY, Yin J, et al. Prevalence of sleep-disordered breathing in a multiethnic Asian
population in Singapore: A community-based study. Respirology. 2016;21(5):943-950. [PubMed:
26929251]

19. Armitage R. Sleep and circadian rhythms in mood disorders. Acta Psychiatr Scand Suppl. 2007;
(433):104-115. [PubMed: 17280576]

20. Rao Uma,Hammen Constance L., et al. Poland. Ethnic differences in electroencephalographic
sleep patterns in adolescents. Asian J Psychiatr. 2009;2(1):17-24. [PubMed: 19960099]

21. Subramanian S, Guntupalli B, Murugan T, et al. Gender and ethnic differences in prevalence of
self-reported insomnia among patients with obstructive sleep apnea. Sleep Breath. 2011;15(4):
711-715. [PubMed: 20953842]

22. Bixler EO, Vgontzas AN, Lin HM, et al. Insomnia in central Pennsylvania. Sleep. 2009;32(4):491—
497. [PubMed: 19413143]

23. Budhrani PH, Lengacher CA, Kip KE, et al. Minority breast cancer survivors: The association
between race/ethnicity, objective sleep disturbances, and physical and psychological symptoms.
Nurs Res Pract. 2014:858403. [PubMed: 25101174]

24. Jehan S, Auguste E, Hussain M, et al. Sleep and premenstrual syndrome. J Sleep Med Disord.
2016;3(5).

25. Jehan S, Masters-Isarilov A, Idoko Salifu, et al. Sleep disorders in postmenopausal women. J Sleep
Disord Ther. 2015;4(5).

26. Carnethon MR, Chavez PJ, Zee PC, et al. Disparities in sleep characteristics by race/ethnicity in a
population-based sample: Chicago area sleep study. Sleep Med. 2016;18:50-55. [PubMed:
26459680]

27. Jaehne A, Unbehaun T, Feige B, et al. How smoking affects sleep: a polysomnographical analysis.
Sleep Med. 2012;13(10):1286-1292. [PubMed: 23026505]

28. Reijneveld SA. The impact of individual and area characteristics on urban socioeconomic
differences in health and smoking. Int J Epidemiol. 1998;27(1):33-40. [PubMed: 9563691]

29. Brook JS, Zhang C, Brook DW, et al. Insomnia in adults: the impact of earlier cigarette smoking
from adolescence to adulthood. J Addict Med. 2015;9(1):40-45. [PubMed: 25325299]

Sleep Med Disord. Author manuscript; available in PMC 2019 June 06.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Jehan et al.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Page 9

Brook DW, Rubenstone E, Zhang C, et al. Trajectories of cigarette smoking in adulthood predict
insomnia among women in late mid-life. Sleep Med. 2012;13(9):1130-1137. [PubMed: 22901402]

Riedel BW, Durrence HH, Lichstein KL, et al. The relation between smoking and sleep: the
influence of smoking level, health, and psychological variables. Behav Sleep Med. 2004;2(1):63—
78. [PubMed: 15600225]

Cohrs S, Rodenbeck A, Riemann D, et al. Impaired sleep quality and sleep duration in smokers-
results from the German multicenter study on nicotine dependence. Addict Biol. 2014;19(3):486-
496. [PubMed: 22913370]

Patten CA, Choi WS, Gillin JC, et al. Depressive symptoms and cigarette smoking predict
development and persistence of sleep problems in US adolescents. Pediatrics. 2000;106(2):E23.
[PubMed: 10920179]

Brook JS, Brook DW, Zhang C, et al. Tobacco use and health in young adulthood. J Genet Psychol.
2004;165(3):310-323. [PubMed: 15382819]

Fortuna LR, Cook B, Porche MV, et al. Sleep disturbance as a predictor of time to drug and alcohol
use treatment in primary care. Sleep Med. 2018;42:31-37. [PubMed: 29458743]

Brook DW, Brook JS, Zhang C, et al. Drug use and the risk of major depressive disorder, alcohol
dependence, and substance use disorders. Arch Gen Psychiatry. 2002;59(11):1039-1044.
[PubMed: 12418937]

Vorona RD, Winn MP, Babineau TW, et al. Overweight and obese patients in a primary care
population report less sleep than patients with a normal body mass index. Arch Intern Med.
2005;165(1):25-30. [PubMed: 15642870]

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

Stranges S, Cappuccio FP, Kandala NB, et al. Cross-sectional versus prospective associations of
sleep duration with changes in relative weight and body fat distribution: the Whitehall 11 Study.
Am J Epidemiol. 2008;167(3):321-329. [PubMed: 18006903]

Gangwisch JE, Malaspina D, Boden-Albala B, et al. Inadequate sleep as a risk factor for obesity:
analyses of the NHANES I. Sleep. 2005;28(10):1289-1296. [PubMed: 16295214]

Schmid SM, Hallschmid M, Jauch-Chara K, et al. A single night of sleep deprivation increases
ghrelin levels and feelings of hunger in normal-weight healthy men. J Sleep Res. 2008;17(3):331-
334, [PubMed: 18564298]

Spiegel K, Tasali E, Penev P, et al. 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]

Bosy-Westphal A, Hinrichs S, Jauch-Chara K, et al. Influence of partial sleep deprivation on
energy balance and insulin sensitivity in healthy women. Obes Facts. 2008;1(5):266-273.
[PubMed: 20054188]

Kristen L Knutsonand Eve Van Cauter. Associations between sleep loss and increased risk of
obesity and diabetes. Ann N 'Y Acad Sci. 2008;1129:287-304. [PubMed: 18591489]

St-Onge MP, Roberts AL, Chen J, et al. Short sleep duration increases energy intakes but does not
change energy expenditure in normal-weight individuals. Am J Clin Nutr. 2011;94(2):410-416.
[PubMed: 21715510]

Nedeltcheva AV, Kilkus JM, Imperial J, et al. Sleep curtailment is accompanied by increased intake
of calories from snacks. Am J Clin Nutr. 2009;89(1):126-133. [PubMed: 19056602]

Vioque J, Torres A, Quiles J. Time spent watching television, sleep duration and obesity in adults
living in Valencia, Spain. Int J Obes Relat Metab Disord. 2000;24(12):1683-1688. [PubMed:
11126224]

Beebe DW, Simon S, Summer S, et al. Dietary intake following experimentally restricted sleep in
adolescents. Sleep. 2013;36(6):827-834. [PubMed: 23729925]

Hill JO, Wyatt HR, Reed GW, et al. Obesity and the environment: where do we go from here?
Science. 2003;299(5608):853-855. [PubMed: 12574618]

Drake CL, Roehrs T, Richardson G, et al. Shift work sleep disorder: prevalence and consequences
beyond that of symptomatic day workers. Sleep. 2004;27(8):1453-1462. [PubMed: 15683134]

Sleep Med Disord. Author manuscript; available in PMC 2019 June 06.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Jehan et al.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Page 10

Cheng WJ, Cheng Y. Night shift and rotating shift in association with sleep problems, burnout and
minor mental disorder in male and female employees. Occup Environ Med. 2017;74(7):483-488.
[PubMed: 27810939]

Jennings JR, Muldoon MF, Hall M, et al. Self-reported sleep quality is associated with the
metabolic syndrome. Sleep. 2007;30(2):219-223. [PubMed: 17326548]

Blakeman V, Williams JL, Meng QJ, et al. Circadian clocks and breast cancer. Breast Cancer Res.
2016;18(1):89. [PubMed: 27590298]

Jehan S, Zizi F, Pandi-Perumal SR, et al. Shift work and sleep: medical implications and
management. Sleep Med Disord. 2017;1(2).

Robert SA. Community-level socioeconomic status effects on adult health. J Health Soc Behav.
1998;39(1):18-37. [PubMed: 9575702]

Pickett KE, Pearl M. Multilevel analyses of neighbourhood socioeconomic context and health
outcomes: a critical review. J Epidemiol Community Health. 2001;55(2):111-122. [PubMed:
11154250]

Grandner MA, Petrov ME, Rattanaumpawan P, et al. Sleep symptoms, race/ethnicity, and
socioeconomic position. J Clin Sleep Med. 2013;9(9):897-905. [PubMed: 23997702]

Gellis LA, Lichstein KL, Scarinci IC, et al. Socioeconomic status and insomnia. J Abnorm
Psychol. 2005;114(1):111-118. [PubMed: 15709817]

Tomfohr LM, Ancoli-Israel S, Dimsdale JE. Childhood socioeconomic status and race are
associated with adult sleep. Behav Sleep Med. 2010;8(4):219-230. [PubMed: 20924835]

Van Dyke ME, Vaccarino V, Quyyumi AA, et al. Socioeconomic status discrimination is associated
with poor sleep in African-Americans, but not Whites. Soc Sci Med. 2016;153:141-147.
[PubMed: 26896878]

Matthews KA, Jennings JR, Lee L. Socioeconomic status in childhood predicts sleep continuity in
adult Black and White men. Sleep Health. 2018;4(1):49-55. [PubMed: 29332679]

Johnson DA, Billings ME, Hale L. Environmental determinants of insufficient sleep and sleep
disorders: implications for population health. Curr Epidemiol Rep. 2018;5(2):61-69. [PubMed:
29984131]

Xiao Q, Hale L. Neighborhood socioeconomic status, sleep duration, and napping in middle-to-old
aged US men and women. Sleep. 2018;41(7).

Buxton OM, Marcelli E. Short and long sleep are positively associated with obesity, diabetes,
hypertension, and cardiovascular disease among adults in the United States. Soc Sci Med.
2010;71(5):1027-1036. [PubMed: 20621406]

Brown TH, Mellman TA. The Influence of PTSD, sleep fears, and neighborhood stress on
insomnia and short sleep duration in urban, young adult, African Americans. Behav Sleep Med.
2014;12(3):198-206. [PubMed: 23767868]

Romano PS, Bloom J, Syme SL. Smoking, social support, and hassles in an urban African-
American community. Am J Public Health. 1991;81(11):1415-1422. [PubMed: 1951797]

Chakravorty S, Chaudhary NS, Brower KJ. Alcohol dependence and its relationship with insomnia
and other sleep disorders. Alcohol Clin Exp Res. 2016;40(11):2271-2282. [PubMed: 27706838]

Stefan L, Sporis G, Kristicevic T, et al. Associations between sleep quality and its domains and
insufficient physical activity in a large sample of Croatian young adults: a cross-sectional study.
BMJ Open. 2018;8(7):e021902.

Park S, Rim SJ, Lee JH. Associations between dietary behaviors and perceived physical and mental
health status among Korean adolescents. Nutr Diet. 2018;75(5):488-493. [PubMed: 29978549]
Agostini A, Lushington K, Kohler M. Associations between self-reported sleep measures and
dietary behaviours in a large sample of Australian school students (n = 28,010). J Sleep Res.
2018;27(5):e12682. [PubMed: 29527744]

Selvamani Y, Singh P. Socioeconomic patterns of underweight and its association with self-rated
health, cognition and quality of life among older adults in India. PLoS One. 2018;13(3):e0193979.
[PubMed: 29513768]

Imai K, Gregg EW, Chen Y], et al. The association of BMI with functional status and self-rated
health in US adults. Obesity (Silver Spring). 2008;16(2):402-408. [PubMed: 18239651]

Sleep Med Disord. Author manuscript; available in PMC 2019 June 06.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Jehan et al.

73.

74.

75.

76.

Page 11

Teker AG, Luleci NE. Sleep quality and anxiety level in employees. North Clin Istanb. 2018;5(1):
31-36. [PubMed: 29607429]

Paine Sarah-Jane, Harris Ricci, Cormack Donna, et al. Racial discrimination and ethnic disparities
in sleep disturbance: t2002/03 New Zealand Health Survey. Sleep. 2016;39(2):477-485. [PubMed:
26446108]

Ramos AR, Wohlgemuth WK, Dong C, et al. Race-ethnic differences of sleep symptoms in an
elderly multi-ethnic cohort: The Northern Manhattan Study. Neuroepidemiology. 2011;37(3-4):
210-215. [PubMed: 22123526]

Grandner MA, Patel NP, Gehrman PR, et al. Who gets the best sleep? ethnic and socioeconomic
factors related to sleep complaints. Sleep Med. 2010;11(5):470-478. [PubMed: 20388566]

Sleep Med Disord. Author manuscript; available in PMC 2019 June 06.



1duosnuey Joyiny 1duosnuepy Joyiny 1duosnuepy Joyiny

1duosnuey Joyiny

Jehan et al.

Apnea/Hypoxemia

T Appetite

Figure 1.
Disturbed sleep, hormonal disturbance and obesity
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Figure2.
Sleep disturbance and some etiological factors
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