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INTRODUCTION 

Sleep is vital for health and healing, yet it may not be get-

ting the attention it deserves as a requirement for physical 

as well as mental and emotional health. Insufficient or dis-

ordered sleep is associated with serious disease, morbidity, 

and mortality.1 Moreover, poor sleep has presented chal-

lenges to public health and safety. It is also the foundation 

upon which other lifestyle therapies, such as diet and exer-

cise, are improved. It is very difficult for patients to adhere to 

a healthy diet and exercise when fatigued and not afforded 

mental clarity.2

The perspective of sleep as preventive medicine is fur-

thered by appreciating its 2-way impact: Poor sleep increases 

the risk of disease and illness, as well as the converse, disease 

and illness disrupt sleep. This often creates a vicious cycle 

in which the cumulative effect is deepened morbidity and 

mortality.3 Modern medicine has developed treatments with 

a focus on pharmacology and interventions that have been 

helpful. Yet, for the family physician, the burden and the 

growth of sleep challenges will require reframing with a focus 

on prevention.

RISKS ASSOCIATED WITH POOR SLEEP 

Sleep disorders negatively impact both short- and long-term 

health. The more immediate effects reduce a sense of well-

being and performance.4 Moreover, excessive daytime sleep-

iness is commonly experienced, although not always recog-

nized and/or connected to poor sleep. Accumulated effects 
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of disordered sleep include premature mortality, cardiovas-

cular disease, hypertension, obesity, metabolic syndrome, 

diabetes and impaired glucose tolerance, immunosuppres-

sion, inflammation, cancer, cognitive impairment, and psy-

chiatric disorders such as anxiety and depression.5

SLEEP AND OBESITY

Today, we are witnessing 2 epidemics: increasing obesity 

and increasing sleep disorders.6,7 Obesity is reaching over-

whelming proportions throughout the developed world 

and is attributed largely to industrialization, increased food 

consumption, and lower levels of physical activity.7,8 The 

role of sleep in obesity is becoming increasingly understood. 

Sleep deprivation and disorders have been hypothesized 

to contribute toward obesity by decreasing leptin, increas-

ing ghrelin, and compromising insulin sensitivity.9 There is 

a negative relationship between sleep duration and central 

adiposity. This has been recognized as a significant risk factor 

in the pathophysiology of obstructive sleep apnea in adults. 

Furthermore, obstructive sleep apnea is associated with 

increased body mass index.10

SLEEP AND HEART DISEASE

Atherosclerotic cardiovascular disease (ASCVD) is one of the 

most prevalent diseases in industrial nations. Even with an 

improved ability to diagnose and treat ASCVD, the disease 

and its consequences are important contributors to mor-

bidity and mortality. Therefore, it is necessary to go beyond 

the management of traditional ASCVD risk factors and seek 

other factors and comorbidities that might contribute to its 

development and progression.11 

SLEEP AND DIABETES

The increasing prevalence of type 2 diabetes (T2D) can be 

attributed to dramatic lifestyle changes in response to the 

industrialization of modern society that may not be limited  

to changes in diet and physical activity.12 As with cardiovas-

cular disease, one such factor strongly associated with the 
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development and progression of T2D is sleep. Population 

studies have observed a U-shaped relationship between 

sleep duration and T2D risk; those who self-report habitu-

ally sleeping less than 7 hours or more than 8 hours are at 

increased risk.13 Decreased insulin sensitivity due to short 

sleep duration is observed among patients and in labora-

tory studies.14-23 Furthermore, when sleep time is extended in 

short sleepers, insulin sensitivity improves.24

SLEEP AND IMMUNITY/INFLAMMATION

Poor immune status and increased inflammation are also 

associated with poor quantity or quality of sleep. There are 

no clear studies indicating whether inflammation causes 

poor sleep or the reverse. However, the combination of poor 

immune status and increased inflammation puts patients 

at risk for poor sleep and poor health. It is appropriate for 

the immune system to be turned on in the setting of infec-

tion or illness, but inflammation may be observed when the 

immune system is triggered. It is increasingly appreciated 

that lifestyle practices, especially poor sleep, directly impact 

both inflammation and immunocompetence.25-27

As vaccinations have been a cornerstone of preventive 

medicine, it is important to draw the connections between 

sleep and vaccinations. Sleep promotes antiviral immunity 

by supporting the adaptive immune response,28 with evi-

dence that experimental and naturalistic sleep loss is asso-

ciated with poorer immunologic memory after a vaccina-

tion.29-31 For example, one may not achieve the full benefit  

of the hepatitis B series as well as the hepatitis A and influ-

enza vaccinations if followed by less than 6 hours of over-

night sleep.

SLEEP AND SAFETY

Sleep problems are associated with accidents and human 

errors.32 Insomnia and poor sleep are major contributors to 

unintentional fatal injuries in general as well as in fatal motor 

vehicle injuries.33 Traffic accidents and injuries among shift 

workers are also more likely to occur during nighttime hours. 

This surges around 2:00 to 3:00 AM, when there is the greatest 

tendency toward sleep with the circadian rhythm.34 

BENEFITS OF HEALTHY SLEEP

The casual view of sleep as simply a dormant and passive 

unconsciousness with the suspension of normal bodily 

activities shifted as neurology laid the foundation for under-

standing sleep using electroencephalography (EEG). The 

brain is very active during sleep, in which vital restoration of 

the mind and body occurs with each night’s rest. Sleep affects 

our daily functioning and is essential to our physical, mental, 

and emotional health. William Shakespeare so insightfully 

and aptly described sleep as “nature’s soft nurse.” Quality 

sleep improves learning, memory, and mood and enhances 

motivation for other lifestyle-enhancing behaviors, such as 

exercise and healthy food choices.35-38 

AMOUNT OF SLEEP NEEDED

The simple response to the question of “how much sleep do 

I need?” is the sleep time that permits a person to be wide 

awake, alert, and energetic throughout the day without the 

aid of stimulants such as coffee. The vast amount of the adult 

population requires about 8 hours of sleep.

The National Sleep Foundation Scientific Advisory 

Council has recommended sleep ranges for all age groups 

(see TABLE 1).39 

Optimal sleep for an individual varies from person to 

person and during their lifetime. Moreover, some adults do 

not fit into the guidelines for optimal sleep. Requiring more 

than 9 hours of sleep (being a “long sleeper”) or needing 

less than 6 hours (being a “short sleeper”) does not reflex-

ively diagnose an individual with a sleep disorder. There are 

genetic predispositions that allow people to be outside of 

the recommended sleep parameters and have normal and 

healthy daytime functioning. Approximately 5% to 10% of the 

adult population are “long sleepers,” and about 5% function 

well as “short sleepers.”39

ASSESSING SLEEP CHALLENGES

Although more than half of primary care patients may expe-

rience insomnia, only about one-third report this problem 

to their physicians. With only 5% of people seeking treat-

ment,40,41 the vast majority of people with insomnia remain 

untreated.42 Given the fast pace of primary care visits and 

the time needed to understand underlying etiology, it is not 

surprising that two-thirds of patients with insomnia report a 

poor understanding of treatment options, and many turn to 

alcohol (28%) or untested over-the-counter remedies (23%).40

Asking patients about daytime fatigue is likely to elicit 

reports of sleep problems. In addition to daytime fatigue, the 

presenting problems may include anxiety, depression, loss of 

libido, hypertension, lack of concentration, concerns about 

possible attention-deficit/hyperactivity disorder, weight 

gain, relationship problems, and concerns about memory 

loss. Before initiating pharmacologic and/or behavioral 

treatment, it is important to rule out a few common and  

often overlooked etiologies for poor sleep. These include   

(1) circadian rhythm disorders, (2) eating habits, and (3) poor 

sleep hygiene. 

A brief interview is often sufficient to assess for circadian 

rhythm disorders. When asking the patient, “Do you consider 

yourself a night owl?” or “If you did not have early morning 
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responsibilities, when would you prefer to go to sleep?” you 

are listening for those who prefer early bedtimes or those 

who prefer to go to bed at midnight or later. It is the mis-

match between the body’s preferred bedtime and scheduling 

demands  that is causing the sleep problem. 

Eating patterns and food choices influence overall health 

as well as sleep health. Individuals consuming an excessive 

number of calories report short sleep time and quality.43 Con-

centrated carbohydrates such as sugars, just like caffeine, act 

as stimulants on the body, influencing a wide range of neu-

rotransmitter shifting that makes the ability to fall asleep and 

stay asleep more difficult.44 Individual variance in food toler-

ance, such as spicy foods and dairy, also impacts the ability to 

physically be soothed to be able to sleep. Large meals eaten 

close to bedtime typically disrupt sleep onset and/or sleep 

quality. As discussed earlier, poor sleep creates the hormonal 

and neurochemical basis for food cravings. Again, we see the 

vicious cycle of poor sleep leading to both overconsumption 

and poor food choices, limiting restorative sleep. 

Sleep hygiene issues such as depriving oneself of sleep 

to enjoy nighttime activities and the use of electronics late 

into the night can create sleep difficulties that patients may 

be willing to modify. 

TREATMENT OF INSOMNIA

The paradigm of therapy starts with etiology: comorbid insom-

nia due to another sleep disorder or a medical disorder that 

requires treatment of the underlying process or the more 

common psychophysiologic insomnia requiring cognitive 

and behavioral approaches. Cognitive behavioral therapy 

for insomnia (CBT-I), which is a well-established, evidence-

based, and efficacious treatment for insomnia,45-48 is com-

monly prescribed for depression. However, clinical trials have 

shown it is the most effective long-term solution for those with 

insomnia.49 Patients already on a prescribed sleep aid can be 

tapered off the drug and started on CBT-I concurrently. 

The positive effects of CBT-I on sleep quality are robust 

over time.50,51 CBT-I has been found to be 70%–80% effica-

cious in populations with a variety of comorbid medical con-

ditions,52 including comorbid insomnia,53 comorbid psychi-

atric conditions,54 and chronic pain.55-58

CBT-I helps identify the negative attitudes and beliefs 

that hinder sleep and replaces them with positive thoughts, 

effectively ”unlearning” the negative beliefs.59 The behavioral 

aspect of CBT-I focuses on helpful sleep habits and avoiding 

unhelpful sleep behaviors. Behavioral techniques—CBT-I 

over a period of 6-8 weekly sessions for most adults in either 

individualized- or group-based administration of CBT-I—

have been shown to be effective,52,60,64 yet these techniques 

are greatly underutilized in comparison to pharmacologic 

approaches. There is an app called CBT-I Coach that is both 

evidence-based and available at no cost.65 More recently, 

digital cognitive behavioral therapy for insomnia was 

shown to promote later health resilience during the coro-

navirus pandemic.65

LIFESTYLE AS TREATMENT

The important impact of lifestyle behaviors on sleep must 

be appreciated. Supporting the patient’s connection to their 

environment, healthy nutrition, exercise, and stress manage-

ment provides opportunities for better health and sleep.

The impact of the environment on sleep health is high-

lighted by the effect of the diurnal light and darkness cycle on 

sleep quality and duration. Light is the strongest synchroniz-

ing agent for the circadian system. Moreover, it is the stron-

gest external cue to stimulate the reticular activating system 

in the brain and alertness. A proposed mechanism includes 

the suppression of endogenous melatonin. Blood levels of 

the pineal hormone melatonin are high at night and low dur-

ing the day.66 A cornerstone of healthy sleep is routine, as well 

as regular patterns. The modern era, with digital screens and 

24-hour expectations, has challenged our physiology to pro-

mote sleep. As melatonin production is inherently reduced 

from adolescence to adulthood, this begins to explain why 

some individuals benefit from supplementation of mela-

tonin to induce and promote sleep. For this to be effective, 

partnership and buy-in from the patient are essential given 

the commitment needed. Furthermore, the family physician 

may wish to collaborate with a sleep medicine specialist, 

given the complexity of dosing and timing.

In recent years, many nutritional supplements have 

been used  to benefit sleep wellness. However, the relation-

ship between nutritional components and sleep is compli-

cated. Nutritional factors vary dramatically with different 

TABLE 1. Recommended sleep duration  

by age group39

Age group Sleep hours per day

Newborns (0-3 months) 14-17 

Infants (4-11 months) 12-15

Toddlers (1-2 years) 11-14

Preschoolers (3-5 years) 10-13

School-age children (6-13 years) 9-11

Teenagers (14-17) 8-10

Younger adults (18-25) 7-9

Adults (26-64) 7-9

Older adults (≥65) 7-8
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diet patterns and depend significantly on the digestive and 

metabolic functions of each individual. Moreover, nutrition 

can significantly affect the hormones and inflammation sta-

tus that directly or indirectly contribute to insomnia. With the 

rise of personalized medicine and personalized nutrition, 

there has been a growing body of research and clinical expe-

rience on individualizing nutritional factors, carbohydrates, 

lipids, amino acids, and vitamins to promote sleep and 

reduce sleep disorders.67 Simply put, nutrition and dietetics 

are important opportunities for better sleep health. 

The National Sleep Foundation’s 2013 Sleep in America 

poll highlighted the association between exercise and bet-

ter sleep.68 It is thought that a physically active daytime uses 

adenosine triphosphate resources such that the cleaving of 

the phosphate bonds results in a higher amount of adenosine 

by bedtime. Adenosine promotes sleep induction and deep 

sleep stages. Exercisers, compared with nonexercisers, are 

more likely to report restorative sleep. Poor sleep makes us 

less likely to exercise, which in turn leads to relative difficulty 

falling asleep or falling back asleep in the middle of the  night 

and waking up too early.69-71 Thus, there is a vicious cycle of 

reduced physical activity and reduced sleep. Although the 

timing of exercise has been widely debated, it is likely to be 

based on individual experience. Regardless, daily physical 

activity promotes nightly rest.

Stress and sleep are closely related as a result of the 

substantial overlap in neurotransmitter signaling and regu-

latory pathways between the neural centers that modulate 

mood and the sleep-wake cycle. Both acute and chronic 

stressors, and individual variability in coping with stress, are 

major determinants of sleep quality and quantity. Different 

approaches to stress reduction demonstrate opportunities 

to promote sleep onset, sleep maintenance, and daytime 

robustness. As with both nutrition and exercise, there are dif-

ferent levels of sleep benefits with stress reduction. Individu-

alizing approaches offers a greater likelihood for sleep health 

and overall health.72,73

As outlined in this article, there is a great opportunity to 

help patients see the relationship between successful sleep 

and their food intake, exercise, and stress management. As 

this is the province of preventive lifestyle medicine, it is a key to 

optimal health. Some patients approach sleep using pharma-

ceutical aids, and there is an opportunity for family physicians 

to educate and offer patients resources for healthy sleep. Life-

style medicine and healthy sleep are essential pillars that we 

can offer to all of our patients for true health and healing.  

REFERENCES
 1.  Cacho V, Lum E. Integrative Sleep Medicine. Oxford, UK: Oxford University Press; 

2021.
 2.  Walker M. Why We Sleep. London, UK: Penguin Books; 2018.

 3.  Worley S. The extraordinary importance of sleep: the detrimental effects of inad-
equate sleep on health and public safety drive an explosion of sleep research. P T. 
2018;43(12):758-763.

 4.  Medic G, Wille M, Hemels M. Short- and long-term health consequences of sleep 
disruption. Nat Sci Sleep. 2017;9:151-161. 

 5.  Institute of Medicine, Board on Health Sciences Policy, Committee on Sleep Medi-
cine and Research. Sleep Disorders and Sleep Deprivation: An Unmet Public Health 
Problem. Washington, DC: National Academies Press; 2006.

 6.  Adult Sleep Habits. National Sleep Foundation. Published 2021. Accessed Au-
gust 17, 2021. https://www.sleepfoundation.org/professionals/sleep-americar-
polls/2002-adult-sleep-habits 

 7.  Stein C, Colditz G. The epidemic of obesity. J Clin Endocrinol Metab. 
2004;89(6):2522-2525. doi:10.1210/jc.2004-0288 

 8.  Eskin SB, Hermanson S. Nutrition labeling at fast-food and other chain restaurants. 
Issue Brief (Public Policy Inst (Am Assoc Retired Pers)). 2004;(Ib71):1-6. 

 9.  Gangwisch JE, Malaspina D, Boden-Albala B, Heymsfield SB. Inadequate sleep as 
a risk factor for obesity: analyses of the NHANES I. Sleep. 2005;28(10):1289-1296. 
doi:10.1093/sleep/28.10.1289

 10.  Bonsignore MR, McNicholas WT, Montserrat JM, Eckel J. Adipose tissue 
in obesity and obstructive sleep apnoea. Eur Respir J. 2012;39(3):746-767. 
doi:10.1183/09031936.00047010

 11.  Arzt M, Hetzenecker A, Steiner S, Buchner S. Sleep-disordered breathing and 
coronary artery disease. Can J Cardiol. 2015;31(7):909-917. doi:10.1016/j.
cjca.2015.03.032

 12.  Qian J, Scheer F. Circadian system and glucose metabolism: implications for physi-
ology and disease. Trends Endocrinol Metab. 2016;27(5):282-293. doi:10.1016/j.
tem.2016.03.005

 13.  Shan Z, Ma H, Xie M, et al. Sleep duration and risk of type 2 diabetes: a meta-anal-
ysis of prospective studies. Diabetes Care. 2015;38(3):529-537. doi:10.2337/dc14-
2073

 14.  Buxton OM, Pavlova M, Rei EW, Wang W, Simonson DC, Adler GK. Sleep restriction 
for 1 week reduces insulin sensitivity in healthy men. Diabetes. 2010;59(9):2126-
2133. doi:10.2337/db09-0699

 15.  Darukhanavala A, Booth JN 3rd, Bromley L, Whitmore H, Imperial J, Penev PD. 
Changes in insulin secretion and action in adults with familial risk for type 2 dia-
betes who curtail their sleep. Diabetes Care. 2011;34(10):2259-2264. doi:10.2337/
dc11-0777

 16.  Donga E, van Dijk M, van Dijk JG, et al. Partial sleep restriction decreases insulin 
sensitivity in type 1 diabetes. Diabetes Care. 2010;33(7):1573-1577. doi:10.2337/
dc09-2317

 17.  Donga E, van Dijk M, van Dijk JG, et al. A single night of partial sleep deprivation in-
duces insulin resistance in multiple metabolic pathways in healthy subjects. J Clin 
Endocrinol Metab. 2010;95(6):2963-2968. doi:10.1210/jc.2009-2430

 18.  Klingenberg L, Chaput JP, Holmbäck U, et al. Acute sleep restriction reduces in-
sulin sensitivity in adolescent boys. Sleep. 2013;36(7):1085-1090. doi:10.5665/
sleep.2816

 19.  Matthews KA, Dahl RE, Owens JF, Lee L, Hall M. Sleep duration and insulin re-
sistance in healthy black and white adolescents. Sleep. 2012;35(10):1353-1358. 
doi:10.5665/sleep.2112

 20.  Nedeltcheva AV, Kessler L, Imperia, J, Penev PD. Exposure to recurrent sleep re-
striction in the setting of high caloric intake and physical inactivity results in in-
creased insulin resistance and reduced glucose tolerance. J Clin Endocrinol Metab. 
2009;94(9):3242-3250. doi:10.1210/jc.2009-0483

 21.  Robertson MD, Russell-Jone, D, Umpleb, AM, Dijk DJ. Effects of three weeks of mild 
sleep restriction implemented in the home environment on multiple metabolic 
and endocrine markers in healthy young men. Metabolism. 2013;62(2):204-211. 
doi:10.1016/j.metabol.2012.07.016

 22.  Schmid SM, Hallschmid M, Jauch-Chara K, et al. Disturbed glucoregulatory re-
sponse to food intake after moderate sleep restriction. Sleep. 2011;34(3):371-377. 
doi:10.1093/sleep/34.3.371

 23.  Wong PM, Manuck SB, DiNardo MM, Korytkowski M, Muldoon MF. Shorter sleep 
duration is associated with decreased insulin sensitivity in healthy white men. 
Sleep. 2015;38(2):223-231. doi:10.5665/sleep.4402

 24.  Leproult R, Deliens G, Gilson M, Peigneux P. Beneficial impact of sleep exten-
sion on fasting insulin sensitivity in adults with habitual sleep restriction. Sleep. 
2015;38(5):707-715. doi:10.5665/sleep.4660

 25.  Besedovsky L, Lange T, Born J. Sleep and immune function. Pflugers Arch. 
2012;463(1):121-137. doi:10.1007/s00424-011-1044-0

 26.  Dinges DF, Douglas SD, Hamarman S, Zaugg L, Kapoor S. Sleep deprivation and hu-
man immune function. Adv Neuroimmunol. 1995;5(2):97-110. doi:10.1016/0960-
5428(95)00002-j

 27.  Palma BD, Gabriel A Jr., Colugnati FA, Tufik S. Effects of sleep deprivation on the 
development of autoimmune disease in an experimental model of systemic lupus 
erythematosus. Am J Physiol Regul Integr Comp Physiol. 2006;291(5):1527-1532. 
doi:10.1152/ajpregu.00186.2006

 28.  Gangwisch JE, Heymsfield SB, Boden-Albala B, et al. Sleep duration associated 
with mortality in elderly, but not middle-aged, adults in a large US sample. Sleep. 
2008;31(8):1087-1096. 

 29.  Lange T, Dimitrov S, Born J. Effects of sleep and circadian rhythm on the hu-
man immune system. Ann N Y Acad Sci. 2010;1193:48-59. doi:10.1111/j.1749-
6632.2009.05300.x

 30.  Lange T, Perras B, Fehm HL, Born J. Sleep enhances the human antibody response 
to hepatitis A vaccination. Psychosom Med. 2003;65(5):831-835. doi:10.1097/01.
psy.0000091382.61178.f1

 31.  Prather AA, Hall M, Fury JM, et al. Sleep and antibody response to hepatitis B vac-
cination. Sleep. 2012;35(8):1063-1069. doi:10.5665/sleep.1990



S34 JANUARY/FEBRUARY 2022  |  Vol 71, No 1  |  Supplement to The Journal of Family Practice

SLEEP AND HEALTH

 32.  Akerstedt T, Fredlund P, Gillberg M, Jansson B. A prospective study of fatal occu-
pational accidents—relationship to sleeping difficulties and occupational factors. J 
Sleep Res. 2002;11(1):69-71. doi:10.1046/j.1365-2869.2002.00287.x

 33.  Laugsand LE, Strand LB, Vatten LJ, Janszky I, Bjørngaard JH. Insomnia symptoms 
and risk for unintentional fatal injuries—the HUNT Study. Sleep. 2014;37(11):1777-
1786. doi:10.5665/sleep.4170

 34.  Boivin DB, Boudreau P. Impacts of shift work on sleep and circadian rhythms. 
Pathol Biol (Paris). 2014;62(5):292-301. doi:10.1016/j.patbio.2014.08.001

 35.  Dolezal BA, Neufeld EV, Boland DM, Martin JL, Cooper CB. Interrelationship be-
tween sleep and exercise: a systematic review. Adv Prev Med. 2017;2017:1364-1387. 
doi:10.1155/2017/1364387

 36.  Greer SM, Goldstein AN, Walker MP. The impact of sleep deprivation on food de-
sire in the human brain. Nat Commun. 2013;4:2259. doi:10.1038/ncomms3259

 37.  Rasch B, Born J. About sleep’s role in memory. Physiol Rev. 2013;93(2):681-766. 
doi:10.1152/physrev.00032.2012

 38.  Triantafillou S, Saeb S, Lattie EG, Mohr DC, Kording KP. Relationship between 
sleep quality and mood: ecological momentary assessment atudy. JMIR Ment 
Health. 2019;6(3):12613. doi:10.2196/12613

 39.  Watson NF. Sleep duration: a consensus conference. J Clin Sleep Med. 2015;11(1):7-
8. doi:10.5664/jcsm.4382

 40.  Ancoli-Israel S, Roth T. Characteristics of insomnia in the United States: results of 
the 1991 National Sleep Foundation Survey. I. Sleep. 1999;22 Suppl 2:S347-S353. 

 41.  Shochat T, Umphress J, Israel AG, Ancoli-Israel S. Insomnia in primary care pa-
tients. Sleep. 1999;22 Suppl 2:S359-S365. 

 42.  Mellinger GD, Balter MB, Uhlenhuth EH. Insomnia and its treatment. Preva-
lence and correlates. Arch Gen Psychiatry. 1985;42(3):225-232. doi:10.1001/arch-
psyc.1985.01790260019002

 43.  Grandner MA, Jackson N, Gerstner JR, Knutson KL. Dietary nutrients associated 
with short and long sleep duration. Data from a nationally representative sample. 
Appetite. 2013;64:71-80. doi:10.1016/j.appet.2013.01.004

 44.  Beebe DW, Simon S, Summer S, Hemmer S, Strotman D, Dolan LM. Dietary intake 
following experimentally restricted sleep in adolescents. Sleep. 2013;36(6):827-834. 
doi:10.5665/sleep.2704

 45.  Espie CA. “Stepped care”: a health technology solution for delivering cognitive be-
havioral therapy as a first line insomnia treatment. Sleep. 2009;32(12):1549-1558. 
doi:10.1093/sleep/32.12.1549

 46.  McCurry SM, Logsdon RG, Teri L, Vitiello MV. Evidence-based psychologi-
cal treatments for insomnia in older adults. Psychol Aging. 2007;22(1):18-27. 
doi:10.1037/0882-7974.22.1.18

 47.  Morin CM, Bootzin RR, Buysse DJ, Edinger JD, Espie CA, Lichstein KL. Psycho-
logical and behavioral treatment of insomnia: update of the recent evidence (1998-
2004). Sleep. 2006;29(11):1398-1414. doi:10.1093/sleep/29.11.1398

 48.  Siebern AT, Manber R. New developments in cognitive behavioral therapy as 
the first-line treatment of insomnia. Psychol Res Behav Manag. 2011;4:21-28. 
doi:10.2147/prbm.S10041

 49.  Mitchell MD, Gehrman P, Perlis M, Umscheid CA. Comparative effectiveness of 
cognitive behavioral therapy for insomnia: a systematic review. BMC Fam Pract. 
2012;13:40. doi:10.1186/1471-2296-13-40

 50.  National Institutes of Health. National Institutes of Health State of the Science Con-
ference Statement on Manifestations and Management of Chronic Insomnia in 
Adults, June 13-15, 2005. Sleep. 2005;28(9):1049-1057. doi:10.1093/sleep/28.9.1049

 51.  Morin CM, Culbert JP, Schwartz SM. Nonpharmacological interventions for in-
somnia: a meta-analysis of treatment efficacy. Am J Psychiatry. 1994;151(8):1172-
1180. doi:10.1176/ajp.151.8.1172

 52.  Morin CM. Cognitive-behavioral approaches to the treatment of insomnia. J Clin 
Psychiatry. 2004;65 Suppl 16:33-40. 

 53.  Wu JQ, Appleman ER, Salazar RD, Ong JC. Cognitive behavioral therapy for insom-
nia comorbid with psychiatric and medical conditions: a meta-analysis. JAMA In-

tern Med. 2015;175(9):1461-1472. doi:10.1001/jamainternmed.2015.3006
 54.  Sánchez-Ortuño MM, Edinger JD. Cognitive-behavioral therapy for the man-

agement of insomnia comorbid with mental disorders. Curr Psychiatry Rep. 
2012;14(5):519-528. doi:10.1007/s11920-012-0312-9

 55.  Edinger JD, Olsen MK, Stechuchak KM, Means MK, Lineberger MD, Kirby A, et 
al. Cognitive behavioral therapy for patients with primary insomnia or insomnia 
associated predominantly with mixed psychiatric disorders: a randomized clinical 
trial. Sleep. 2009;32(4):499-510. doi:10.1093/sleep/32.4.499

 56.  Morgan K, Gregory P, Tomeny M, David BM, Gascoigne C. Self-help treatment for 
insomnia symptoms associated with chronic conditions in older adults: a random-
ized controlled trial. J Am Geriatr Soc. 2012;60(10):1803-1810. doi:10.1111/j.1532-
5415.2012.04175.x

 57.  Rybarczyk B, Mack L, Harris JH, Stepanski E. Testing two types of self-help CBT-I for 
insomnia in older adults with arthritis or coronary artery disease. Rehabil Psychol. 
2011;56(4):257-266. doi:10.1037/a0025577

 58.  Smith MT, Huang MI, Manber R. Cognitive behavior therapy for chronic insomnia 
occurring within the context of medical and psychiatric disorders. Clin Psychol Rev. 
2005;25(5):559-592. doi:10.1016/j.cpr.2005.04.004

 59.  Davies DR. A multiple treatment approach to the group treatment of insomnia: a 
follow-up study. Behav Cogn Psychother. 1989;17(4):323-331. 

 60.  Germain A, Moul DE, Franze PL, et al. Effects of a brief behavioral treatment for 
late-life insomnia: preliminary findings. J Clin Sleep Med. 2006;2(4):403-406. 

 61.  Irwin MR, Cole JC, Nicassio PM. Comparative meta-analysis of behavioral inter-
ventions for insomnia and their efficacy in middle-aged adults and in older adults 
55+ years of age. Health Psychol. 2006;25(1):3-14. doi:10.1037/0278-6133.25.1.3

 62.  Lovato N, Lack L, Wright H, Kennaway DJ. Evaluation of a brief treatment program 
of cognitive behavior therapy for insomnia in older adults. Sleep. 2014;37(1):117-
126. doi:10.5665/sleep.3320

 63.  Morin CM. Insomnia: Psychological Assessment and Management. New York, NY: 
Guilford Press;1993. 

 64.  Rybarczyk B, Lopez M, Benson R, Alsten C, Stepanski E. Efficacy of two be-
havioral treatment programs for comorbid geriatric insomnia. Psychol Aging. 
2002;17(2):288-298. 

 65.  Cheng P, Casement MD, Kalmbach DA, Castelan AC, Drake CL. Digital cognitive 
behavioral therapy for insomnia promotes later health resilience during the coro-
navirus disease 19 (COVID-19) pandemic. Sleep. 2021;44(4):zsaa258. doi:10.1093/
sleep/zsaa258

 66.  Brown GM. Light, melatonin and the sleep-wake cycle. J Psychiatry Neurosci. 
1994;19(5):345-353. 

 67.  Zhao M, Tuo H, Wang S, Zhao L. The effects of dietary nutrition on sleep and sleep 
disorders. Mediators Inflamm. 2020;2020:3142874. doi:10.1155/2020/3142874

 68.  2013 Exercise and Sleep. National Sleep Foundation. Accessed August 17, 2021. 
https://www.sleepfoundation.org/professionals/sleep-america-polls/2013 
-exercise-and-sleep

 69.   Guilleminault C, Clerk A, Black J, Labanowski M, Pelayo R, Claman D. Nondrug treat-
ment trials in psychophysiologic insomnia. Arch Intern Med. 1995;155(8):838-844. 

 70.  Kline CE. The bidirectional relationship between exercise and sleep: implications 
for exercise adherence and sleep improvement. Am J Lifestyle Med. 2014;8(6):375-
379. doi:10.1177/1559827614544437

 71.  Passos GS, Poyares DL, Santana MG, Tufik S, Mello MT. Is exercise an alterna-
tive treatment for chronic insomnia? Clinics (Sao Paulo). 2012;67(6):653-660. 
doi:10.6061/clinics/2012(06)17

 72.  Radwan B, Yanez Touzet A, Hammami S, Chaudhury D. Prolonged exposure to so-
cial stress impairs homeostatic sleep regulation. Front Neurosci. 2021;15:633955. 
doi:10.3389/fnins.2021.633955

 73.  Winbush NY, Gross CR, Kreitzer M. The effects of mindfulness-based stress 
reduction on sleep disturbance: a systematic review. Explore (NY). 2007;3(6): 
585-591.


