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Overcoming Barriers to the Diagnosis 
and Treatment of Insomnia
Thomas Roth, PhD

EPIDEMIOLOGY
Insomnia, defined as difficulty initiating or maintaining sleep 
with associated daytime consequence, is 1 of 7 sleep-wake 
disorders according to the International Classification of 
Sleep Disorders, 3rd edition (ICSD-3).1 Insomnia is common, 
particularly among older adults.2 The estimated prevalence 
varies based on the criteria, ranging from 22% using DSM-IV-
TR, 15% using Research Diagnostic Criteria/ICSD-2, and 4% 
using ICD-10 criteria.3

CASE SCENARIO
A 72-year-old woman describes difficulty staying asleep and 

daytime fatigue for the past 8 months. Initially, she only had 

difficulty staying asleep 2 to 3 nights per week, but over the 

past 5 months, these symptoms have increased in sever-

ity and frequency. She notes increased irritability and lack 

of motivation during the day associated with her disturbed  

sleep.
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and complementary and alternative medicines. Actigraphy 
could be considered to characterize circadian rhythm pat-
terns or sleep disturbances.16 Other laboratory testing, such 
as blood, radiography, or polysomnography, is needed only 
to investigate suspected comorbid disorders.16 

Because insomnia is a component of many psychiat-
ric and medical conditions, an insomnia diagnosis should 
be considered only when the symptoms are prominent and 
require further evaluation and treatment. If an associated 
comorbidity is identified, consider that it is sometimes dif-
ficult to determine whether the insomnia or the comorbidity 
occurred first. Due to this uncertainty, insomnia is no longer 
classified as primary or secondary, and treatment targets 
both insomnia and the comorbid disorder.1,19

An insomnia diagnosis requires that the patient experi-
ences difficulty initiating or maintaining sleep despite ade-
quate opportunity and circumstances for sleep that results in 
daytime consequences.1 Insomnia differs from sleep depri-
vation in that insomnia occurs despite adequate opportunity 
and circumstances for sleep, whereas sleep deprivation does 
not. Those with chronic insomnia experience symptoms 
≥3 times per week for ≥3 months. Daytime consequences 
include fatigue or malaise, poor attention or concentration, 
social/vocational/educational dysfunction, increased errors 
or accidents, motor disturbance or irritability, daytime sleep-
iness, reduced motivation or energy, or behavioral problems 
such as hyperactivity, impulsivity, or aggression. Patients 
with chronic insomnia might have ongoing worry that insuf-
ficient sleep could lead to daytime dysfunction, thereby cre-
ating a cycle that worsens insomnia.

TREATMENT
Overview of clinical guidelines
Several guidelines for managing patients with insomnia 
have been developed. Based on growing understanding of 
the often bi-directional association between insomnia and 

Insomnia can lead to complications, such as psychiatric 
disorders,4-8 falls,9-12 cardiovascular disorders,13,14 and meta-
bolic syndrome.15 Psychiatric complications include depres-
sion and anxiety, and cardiovascular disorders include isch-
emic heart disease, ischemic (but not hemorrhagic) stroke, 
hypertension, and heart failure.13,14 Recent evidence indi-
cates severe insomnia is associated with increased risk of 
metabolic syndrome in women age ≥50, but not men.15 

DIAGNOSIS
Insomnia is diagnosed clinically based on history and char-
acterizing the nature and severity of the sleep problem (TABLE 
1).16-18 Asking the patient to talk through a typical 24-hour day 
can provide valuable insight. A sleep diary could be helpful 
for patients with substantial variability in the sleep problem. 

Well-rested adults fall asleep within 10 to 20 minutes of 
attempting to sleep and spend <30 minutes awake during the 
night. Adults with chronic insomnia, however, usually take 
≥30 minutes to fall asleep (for those with sleep initiation dif-
ficulty), spend ≥30 minutes awake during the night (for those 
with sleep maintenance difficulty), and/or terminate sleep ≥30 
minutes prior to the desired wake-up time. It is not uncommon 
for patients to report 1 or more nights of poor sleep followed 
by a night of better sleep or to have minimal sleep over several 
consecutive nights. Patients often overestimate the amount of 
time it takes to fall asleep and underestimate total sleep time.

Asking patients why they are experiencing the sleep 
problem often identifies contributing factors and comorbid 
psychiatric or medical disorders, such as depression, anxiety, 
pain, restless leg syndrome, and obstructive sleep apnea.16 
The Epworth Sleepiness Scale is useful to identify patients 
with daytime sleepiness. Question patients about the use of 
prescription and non-prescription medications, such as cen-
tral nervous system stimulants or depressants, antidepres-
sants, beta-agonists, diuretics, opioids, and glucocorticoids. 
Ask patients about their consumption of caffeine, alcohol, 

TABLE 1. Assessment of sleep history16-18

Sleep Problem Sleep Times Consequences of Disturbed Sleep Symptom Duration

Number of awakenings

Duration of awakenings

Duration of the sleep problem

Bedtime

Duration until sleep onset

Final awakening time

Nap time(s)

Nap length(s)

Fatigue or malaise

Poor attention or concentration

Social/vocational/educational dysfunction

Motor disturbance or irritability

Daytime sleepiness

Reduced motivation or energy

Increased errors or accidents

Behavioral problems

Ongoing worry

<3 months or ≥3 
months
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comorbid disorders, these guidelines increasingly have 
emphasized the importance of identifying and treating 
comorbid condition(s) as well as the insomnia itself.16,19,20 
Discussion regarding the treatment of comorbid disorders 
associated with insomnia is beyond the scope of this review.

Based on growing understanding of the 
often bi-directional association between 
insomnia and comorbid disorders, these 
guidelines have increasingly emphasized 
the importance of identifying and treating 
comorbid condition(s) as well as the  
insomnia itself.

Treatment options
The goal of therapy is to improve sleep and alleviate distress 
or dysfunction caused by insomnia.21 Psychotherapy and 
pharmacologic therapy, alone or in combination, are recom-
mended most often for insomnia; referral to a sleep special-
ist, if available, also could be considered.20,21 Psychotherapies 
include cognitive-behavioral therapy for insomnia (CBT-I), 
brief behavioral therapy, stimulus control, relaxation, and 
sleep restriction. 

Cognitive-Behavioral Therapy for Insomnia
Based largely on moderate-quality evidence showing benefit 
on sleep onset, wake after sleep onset, and sleep efficiency, 
the American College of Physicians recommends CBT-I as 
initial therapy for all adults with chronic insomnia.21 The 
American College of Physicians panel noted that evidence 
related to the harms of CBT-I is limited and concluded that 
CBT-I can be used for long-term treatment of insomnia.

CBT-I consists of a combination of cognitive therapy, 
behavioral interventions (eg, sleep restriction and stimulus 
control), and educational interventions (eg, sleep hygiene) to 
address thoughts and behaviors that interfere with optimal 
sleep. CBT-I traditionally has been offered one-on-one in the 
office setting, but is limited by the time required, the need 
for multiple training sessions, and the availability of trained 
providers. Telephone- and web-based platforms have shown 
evidence indicating benefit.21 Two recent meta-analyses 
showed that CBT-I delivered via the internet produced clini-
cally significant benefits for 1 year after the end of therapy.22,23 
One of these was restricted to CBT-I delivered in primary care 
(generally by a non-physician) over 4 to 6 sessions.23

Pharmacologic Therapy
Pharmacologic therapy plays a key role in treating chronic 

insomnia, particularly because not all patients achieve ade-
quate benefits with CBT-I and long-term adherence can be 
challenging.20,21 Approved medications include benzodiaz-
epines, nonbenzodiazepine hypnotics, melatonin agonist, 
doxepin, and orexin receptor antagonists.

Benzodiazepines
Benzodiazepines, such as estazolam, lorazepam, temaze-
pam, and triazolam, bind to several gamma-aminobutyric 
acid (GABA) type A receptor subtypes.24 Benzodiazepines 
reduce the time to sleep onset, prolong stage 2 sleep, pro-
long total sleep time, and might reduce the length of rapid 
eye movement sleep.25 Additionally, benzodiazepines have 
anxiolytic as well as anticonvulsant properties and produce 
anterograde amnesia. Although tolerance to the sedative 
effects could develop, next-day performance can be impaired 
depending on the elimination half-life of the benzodiaz-
epine.25 Withdrawal and rebound insomnia could occur with 
abrupt discontinuation.

Nonbenzodiazepine benzodiazepine receptor agonists
Nonbenzodiazepine benzodiazepine receptor agonists are 
more selective for a specific GABA type 1 receptor subtype 
and exert less anxiolytic and anticonvulsant effects than ben-
zodiazepines. This class includes eszopiclone, zaleplon, and 
zolpidem (immediate- and extended-release). Nonbenzo-
diazepines decrease sleep latency and number of nighttime 
awakenings and improve sleep duration and sleep quality.26-31 
Headache and dizziness are common adverse events.25 Low 
dosages are recommended to reduce the risk of impaired 
next-day performance.

Melatonin receptor agonist
Ramelteon binds to melatonin receptors in the suprachias-
matic nucleus with higher affinity than melatonin.32,33 Short-
term use of ramelteon is associated with small improvements 
in sleep onset and total sleep time.34 The most common adverse 
effects are somnolence, fatigue, and abnormal dreams.35

Orexin receptor antagonists
Orexin receptor antagonists, suvorexant and lemborexant, 
which block the neuropeptides orexin A and B from binding 
in the hypothalamus are the newest class of medications for 
insomnia. Orexin A and B play a key role in promoting wake-
fulness and regulating the sleep-wake cycle.36 Somnolence, 
fatigue, headache, and abnormal dreams are the most com-
mon adverse events.25 Suvorexant and lemborexant have a 
reduced addictive potential than other FDA-approved medi-
cations for insomnia and are classified as schedule IV con-
trolled substances.
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Suvorexant
The safety and efficacy of suvorexant were demonstrated in 
a pooled analysis of 2 identical randomized, double-blind, 
placebo-controlled, parallel-group 3-month trials in non-
geriatric (age 18 to 64) and geriatric (age ≥65) patients with 
insomnia.37,38 At dosages of 15 or 20 mg/d (N = 493) and 30 
or 40 mg/d (investigational) (N=770), suvorexant signifi-
cantly improved most sleep onset and sleep maintenance 
endpoints compared with placebo (N = 767) beginning with 
the first treatment.37 For example, placebo-corrected subjec-
tive time to sleep onset was 5.2 to 7.6 minutes and 8.4 to 13.2 
minutes shorter with suvorexant 15 or 20 mg/d and 30 or 40 
mg/d, respectively, at 3 months in the 2 trials.37,38 Placebo-
corrected subjective total sleep time increased from 10.6 to 
19.7 minutes and 22.1 to 25.1 minutes with suvorexant, 15 or 
20 mg/d and 30 or 40 mg/d, respectively.37 Rates of discontin-
uation because of an adverse event were ≤4.7% for suvorex-
ant and ≤6.0% for placebo.37 

Lemborexant
Lemborexant has demonstrated safety and efficacy in non-
geriatric and geriatric patients with insomnia. In a phase 
II, dose-ranging study, lemborexant improved both objec-
tive and subjective measures of sleep, which were apparent 
during the first 2 nights of treatment and persisted for the 15 
nights of the trial.39 A phase III trial compared lemborexant, 5 
or 10 mg/d, zolpidem extended-release, 6.25 mg/d, and pla-
cebo over 1 month in 1008 patients with insomnia.40 Com-
pared with zolpidem, treatment with both dosages of lembo-
rexant led to significant improvement in latency to persistent 
sleep, sleep efficiency, and wake-after-sleep onset during 
the first 2 nights of treatment and continued through the 1 
month of the trial. For example, at 1 month patients treated 
with lemborexant experienced significantly greater reduc-
tion in wake-after-sleep onset in the second half of the night 
with the 5 and 10 mg/d dosages of lemborexant vs zolpidem 
(−6.7 and −8.0 minutes vs zolpidem, respectively). Similar 
significant improvements with lemborexant were observed 
vs placebo. Rates of discontinuation because of an adverse 
event were 0.4%, 0%, 0.8%, and 0.5% for lemborexant 5 and 
10 mg/d, zolpidem, and placebo, respectively.

Guideline recommendations
The most recent guideline on pharmacotherapy for chronic 
insomnia in adults was developed by the American Academy 
of Sleep Medicine (AASM) in 2017.20 The AASM recommen-
dations are based on a systematic review of published litera-
ture, including meta-analyses. The AASM panel recognized 
the critical role of CBT-I because of its favorable benefit-to-
risk ratio, but affirmed the need for pharmacotherapy, either 

TABLE 2. Recommendations regarding  
medications for insomnia20

Medication Recommended Use

Sleep Onset Sleep Maintenance

Benefits outweigh harms

Ramelteon

Zaleplon

ü

Doxepin

Suvorexant

ü

Eszopiclone

Temazepam

Zolpidem

ü ü

Benefits approximately equal to harms

Triazolam ü

Diphenhydramine

Melatonin

None None

Harms outweigh benefits

Tiagabine

Trazodone

l-Tryptophan

Valerian

None None

Note: Lemborexant is not included because it was approved for use in the United 
States after publication of the AASM guidelines in 2017.

alone or in combination with CBT-I, for many patients with 
chronic insomnia.

The AASM panel provided recommendations regarding 
pharmacotherapy at FDA-approved dosages for sleep onset 
and/or sleep maintenance (TABLE 2).20 Medications that are 
relatively short-acting are preferred for patients experiencing 
difficulty with sleep onset, while longer-acting medications 
are preferred for those with difficulty maintaining sleep. 
Lemborexant was not included because it was approved by 
the FDA after the AASM published their recommendations.

All recommendations were classified as weak, but the 
AASM panel noted that this reflects the limitations of the evi-
dence as much as the relative benefits and risks of the treat-
ments per se. The panel recommended that several agents 
commonly used for insomnia be avoided, including diphen-
hydramine, melatonin, tiagabine, trazodone, l-tryptophan, 
and valerian. Other medications that generally should not be 
used for chronic insomnia include antidepressants, antipsy-
chotics, and barbiturates. An exception is doxepin at dosages 
≤6 mg/d, which is FDA-approved for insomnia. The sedat-
ing antidepressants amitriptyline and trazodone should be 
limited to those with comorbid depression. Recommenda-
tions by the AASM panel for the following were not possible 
because of inadequate data for statistical analysis: estazolam, 
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flurazepam, gabapentin, oxazepam, paroxetine, quazepam, 
quetiapine, and trimipramine.

Recommendations regarding the use of medications for 
insomnia also are included in the Beers Criteria for Poten-
tially Inappropriate Medication Use in Older Adults. The 
Beers Criteria were developed by the American Geriatrics 
Society to provide guidance regarding the use of medications 
in older adults based on a systematic review of clinical trials, 
observational studies, and meta-analyses involving adults 
age ≥65. According to the 2019 Beers Criteria,41 several medi-
cation classes commonly used to treat insomnia should be 
avoided in older adults, often because of their anticholiner-
gic properties, prolonged sedation, and/or risk of falls. These 
include first-generation antihistamines, some antidepres-
sants, barbiturates, short- and long-acting benzodiazepines, 
benzodiazepine receptor agonists, and first- and second-
generation antipsychotics. Lemborexant and suvorexant 
were not included in the list, and doxepin ≤6 mg/d was 
deemed acceptable. 

Risk of Falls
The risk of falls, and the associated morbidity and mortal-
ity, is an important consideration when selecting a hypnotic  
agent for insomnia, especially in older adults. However, sev-
eral investigations and meta-analyses provide conflicting 
conclusions.42-49 A 2005 retrospective analysis of a database 
of nursing home residents (N = 34,163) found that hypnotic 
use did not predict falls (adjusted odds ratio [OR]: 1.13; 95% 
confidence interval [CI]: 0.98 to 1.30), but that the presence of 
insomnia did (adjusted OR: 1.52; 95% CI: 1.38 to 1.66). Results 
were not categorized by type of hypnotic, however.

A recent investigation of 331 nursing home residents 
found a significantly increased risk of falls with regular use 
of non-benzodiazepine benzodiazepine receptor agonists, 
particularly in adults age ≥85, but not with benzodiazepines, 
antidepressants, or antipsychotics.50 A systematic review 
and meta-analysis involving 1.1 million patients found that 
the risk of fractures in patients treated with zolpidem was 
nearly twice that of other hypnotics, suggesting a greater risk 
of falls.48 A prospective analysis involving 6882 community-
dwelling older adults followed for 2 years showed that insom-
nia symptoms and use of prescription sleep medications 
independently predicted falls.51

CASE SCENARIO (CONTINUED)
Cognitive-behavioral therapy for insomnia is recommended as 

initial therapy for this woman, as well as all adults with chronic 

insomnia. If CBT-I does not provide adequate benefit or she is 

unable to adhere long term, pharmacologic therapy is recom-

mended. Since sleep maintenance is her primary difficulty, medi-

cations recommended by the AASM are: doxepin (dose ≤6 mg/d), 

eszopiclone, suvorexant, temazepam, and zolpidem. Lemborex-

ant, the other orexin receptor antagonist recently approved by 

the FDA, would also be an option. According to the Beers Crite-

ria, doxepin ≤6mg/d is deemed acceptable, while lemoborexant 

and suvorexant were not included in the list of medications to 

avoid.

SUMMARY
Insomnia is common among US adults and, when chronic, 
increases the risk of other disorders, such as incident and 
recurring depression and cardiovascular diseases, and 
diminishes functioning and quality of life. The diagnosis 
is based primarily on a detailed sleep history and includes 
assessment of comorbidities. Cognitive-behavioral therapy 
is first line for patients with insomnia. A variety of medica-
tion classes have been used to treat patients with insomnia, 
but few, mostly newer agents, are recommended in current 
guidelines because of limited efficacy and/or safety con-
cerns, particularly in older adults. Individualizing treatment 
is important. ●

REFERENCES
 1.  International Classification of Sleep Disorders. 3rd ed. Darien, IL: American Academy of 

Sleep Medicine; 2014.
 2.  Albrecht JS, Wickwire EM, Vadlamani A, Scharf SM, Tom SE. Trends in insomnia diag-

nosis and treatment among Medicare beneficiaries, 2006-2013. Am J Geriatr Psychia-
try. 2019;27(3):301-309.

 3.  Roth T, Coulouvrat C, Hajak G, et al. Prevalence and perceived health associated with 
insomnia based on DSM-IV-TR; International Statistical Classification of Diseases 
and Related Health Problems, Tenth Revision; and Research Diagnostic Criteria/In-
ternational Classification of Sleep Disorders, Second Edition criteria: results from the 
America Insomnia Survey. Biol Psychiatry. 2011;69(6):592-600.

 4.  Ford DE, Kamerow DB. Epidemiologic study of sleep disturbances and psychiatric dis-
orders. An opportunity for prevention? JAMA. 1989;262(11):1479-1484.

 5.  Ohayon MM, Roth T. Place of chronic insomnia in the course of depressive and anxiety 
disorders. J Psychiatr Res. 2003;37(1):9-15.

 6.  Sorensen L, Jensen MSA, Rathleff MS, Holden S. Comorbid insomnia, psychological 
symptoms and widespread pain among patients suffering from musculoskeletal pain 
in general practice: a cross-sectional study. BMJ Open. 2019;9(6):e031971.

 7.  Bragantini D, Sivertsen B, Gehrman P, Lydersen S, Guzey IC. Differences in anxiety lev-
els among symptoms of insomnia. The HUNT study. Sleep Health. 2019;5(4):370-375.

 8.  Goel NJ, Sadeh-Sharvit S, Trockel M, et al. Depression and anxiety mediate the rela-
tionship between insomnia and eating disorders in college women. J Am Coll Health. 
2020:1-6.

 9.  Teo JS, Briffa NK, Devine A, Dhaliwal SS, Prince RL. Do sleep problems or urinary in-
continence predict falls in elderly women? Aust J Physiother. 2006;52(1):19-24.

 10.  Stone KL, Ensrud KE, Ancoli-Israel S. Sleep, insomnia and falls in elderly patients. Sleep 
Med. 2008;9(Suppl 1):S18-S22.

 11.  Stone KL, Ancoli-Israel S, Blackwell T, et al. Actigraphy-measured sleep characteristics 
and risk of falls in older women. Arch Intern Med. 2008;168(16):1768-1775.

 12.  Cauley JA, Hovey KM, Stone KL, et al. Characteristics of self-reported sleep and the 
risk of falls and fractures: The Women’s Health Initiative (WHI). J Bone Miner Res. 
2019;34(3):464-474.

 13.  Zheng B, Yu C, Lv J, et al. Insomnia symptoms and risk of cardiovascular diseases 
among 0.5 million adults: a 10-year cohort. Neurology. 2019;93(23):e2110-e2120.

 14.  Javaheri S, Redline S. Insomnia and risk of cardiovascular disease. Chest. 
2017;152(2):435-444.

 15.  Costemale-Lacoste JF, Asmar KE, Rigal A, et al. Severe insomnia is associated with met-
abolic syndrome in women over 50 years with major depression treated in psychiatry 
settings: a METADAP report. J Affect Disord. 2020;264:513-518.

 16.  Schutte-Rodin S, Broch L, Buysse D, Dorsey C, Sateia M. Clinical guideline for the 
evaluation and management of chronic insomnia in adults. J Clin Sleep Med. 2008;4(5): 
487-504.

 17.  Anderson KN. Insomnia and cognitive behavioural therapy-how to assess your patient 
and why it should be a standard part of care. J Thorac Dis. 2018;10(Suppl 1):S94-S102.

 18.  Chesson A Jr, Hartse K, Anderson WM, et al. Practice parameters for the evaluation 
of chronic insomnia. An American Academy of Sleep Medicine report. Standards of 
Practice Committee of the American Academy of Sleep Medicine. Sleep. 2000;23(2): 
237-241.



S50 SEPTEMBER 2020  |  Vol 69, No 7  |  Supplement to The Journal of Family Practice

DIAGNOSIS AND TREATMENT OF INSOMNIA

 19.  NIH State-of-the-Science Conference Statement on manifestations and management 
of chronic insomnia in adults. NIH Consens State Sci Statements. 2005;22(2):1-30.

 20.  Sateia MJ, Buysse DJ, Krystal AD, Neubauer DN, Heald JL. Clinical Practice Guideline 
for the Pharmacologic Treatment of Chronic Insomnia in Adults: An American Acade-
my of Sleep Medicine Clinical Practice Guideline. J Clin Sleep Med. 2017;13(2):307-349.

 21.  Qaseem A, Kansagara D, Forciea MA, Cooke M, Denberg TD. Management of Chronic 
Insomnia Disorder in Adults: A Clinical Practice Guideline From the American College 
of Physicians. Ann Intern Med. 2016;165(2):125-133.

 22.  van der Zweerde T, Bisdounis L, Kyle SD, Lancee J, van Straten A. Cognitive behavioral 
therapy for insomnia: a meta-analysis of long-term effects in controlled studies. Sleep 
Med Rev. 2019;48:101208.

 23.  Davidson JR, Dickson C, Han H. Cognitive behavioural treatment for insomnia in pri-
mary care: a systematic review of sleep outcomes. Br J Gen Pract. 2019;69(686):e657-
e664.

 24.  Lieberman JA. Update on the safety considerations in the management of insomnia 
with hypnotics: incorporating modified-release formulations into primary care. Prim 
Care Companion J Clin Psychiatry. 2007;9(1):25-31.

 25.  Drugs for chronic insomnia. Med Lett Drugs Ther. 2018;60(1562):201-205.
 26.  Wilt TJ, MacDonald R, Brasure M, et al. Pharmacologic treatment of insomnia disorder: 

an evidence report for a clinical practice guideline by the American College of Physi-
cians. Ann Intern Med. 2016;165(2):103-112.

 27.  Huedo-Medina TB, Kirsch I, Middlemass J, Klonizakis M, Siriwardena AN. Effective-
ness of non-benzodiazepine hypnotics in treatment of adult insomnia: meta-analysis 
of data submitted to the Food and Drug Administration. BMJ. 2012;345:e8343.

 28.  Krystal AD. A compendium of placebo-controlled trials of the risks/benefits of phar-
macological treatments for insomnia: the empirical basis for U.S. clinical practice. Sleep 
Med Rev. 2009;13(4):265-274.

 29.  Buscemi N, Vandermeer B, Friesen C, et al. The efficacy and safety of drug treat-
ments for chronic insomnia in adults: a meta-analysis of RCTs. J Gen Intern Med. 
2007;22(9):1335-1350.

 30.  Holbrook AM, Crowther R, Lotter A, Cheng C, King D. Meta-analysis of benzodiaz-
epine use in the treatment of insomnia. CMAJ. 2000;162(2):225-233.

 31.  Nowell PD, Mazumdar S, Buysse DJ, Dew MA, Reynolds CF 3rd, Kupfer DJ. Benzodi-
azepines and zolpidem for chronic insomnia: a meta-analysis of treatment efficacy. 
JAMA. 1997;278(24):2170-2177.

 32.  Turek FW, Gillette MU. Melatonin, sleep, and circadian rhythms: rationale for develop-
ment of specific melatonin agonists. Sleep Med. 2004;5(6):523-532.

 33.  Kato K, Hirai K, Nishiyama K, et al. Neurochemical properties of ramelteon (TAK-375), 
a selective MT1/MT2 receptor agonist. Neuropharmacology. 2005;48(2):301-310.

 34.  Kuriyama A, Honda M, Hayashino Y. Ramelteon for the treatment of insomnia in 
adults: a systematic review and meta-analysis. Sleep Med. 2014;15(4):385-392.

 35.  Kuriyama A, Tabata H. Suvorexant for the treatment of primary insomnia: a systematic 
review and meta-analysis. Sleep Med Rev. 2017;35:1-7.

 36.  Mieda M, Sakurai T. Overview of orexin/hypocretin system. Prog Brain Res. 2012;198: 
5-14.

 37.  Herring WJ, Connor KM, Ivgy-May N, et al. Suvorexant in patients with insomnia: 
results from two 3-month randomized controlled clinical trials. Biol Psychiatry. 
2016;79(2):136-148.

 38.  Herring WJ, Connor KM, Snyder E, et al. Suvorexant in patients with insomnia: pooled 
analyses of three-month data from phase-3 randomized controlled clinical trials. J Clin 
Sleep Med. 2016;12(9):1215-1225.

 39.  Murphy P, Moline M, Mayleben D, et al. Lemborexant, a dual orexin receptor antago-
nist (DORA) for the treatment of insomnia disorder: results from a Bayesian, adaptive, 
randomized, double-blind, placebo-controlled study. J Clin Sleep Med. 2017;13(11): 
1289-1299.

 40.  Rosenberg R, Murphy P, Zammit G, et al. Comparison of lemborexant with placebo 
and zolpidem tartrate extended release for the treatment of older adults with in-
somnia disorder: a phase 3 randomized clinical trial. JAMA Netw Open. 2019;2(12): 
e1918254.

 41.  Fick DM, Semla TP, Steinman M, et al. American Geriatrics Society 2019 Updated AGS 
Beers Criteria(R) for Potentially Inappropriate Medication Use in Older Adults. J Am 
Geriatr Soc. 2019;67(4):674-694.

 42.  Avidan AY, Fries BE, James ML, Szafara KL, Wright GT, Chervin RD. Insomnia and hyp-
notic use, recorded in the minimum data set, as predictors of falls and hip fractures in 
Michigan nursing homes. J Am Geriatr Soc. 2005;53(6):955-962.

 43.  Lai SW, Chang-Ou KC, Lin CL, Liao KF. Case-control study examining the as-
sociation between hip fracture and zaleplon use in older adults. Postgrad Med J. 
2019;95(1122):233-234.

 44.  Ramcharran D, Qiu H, Schuemie MJ, Ryan PB. Atypical antipsychotics and the risk 
of falls and fractures among older adults: An emulation analysis and an evaluation 
of additional confounding control strategies. J Clin Psychopharmacol. 2017;37(2): 
162-168.

 45.  Nishtala PS, Chyou TY. Zopiclone use and risk of fractures in older people: population-
based study. J Am Med Dir Assoc. 2017;18(4):368.e361-368.e368.

 46.  Donnelly K, Bracchi R, Hewitt J, Routledge PA, Carter B. Benzodiazepines, Z-drugs 
and the risk of hip fracture: a systematic review and meta-analysis. PLoS One. 
2017;12(4):e0174730.

 47.  Tom SE, Wickwire EM, Park Y, Albrecht JS. Nonbenzodiazepine sedative hypnotics and 
risk of fall-related injury. Sleep. 2016;39(5):1009-1014.

 48.  Park SM, Ryu J, Lee DR, Shin D, Yun JM, Lee J. Zolpidem use and risk of fractures: a 
systematic review and meta-analysis. Osteoporos Int. 2016;27(10):2935-2944.

 49.  Frisher M, Gibbons N, Bashford J, Chapman S, Weich S. Melatonin, hypnotics and 
their association with fracture: a matched cohort study. Age Ageing. 2016;45(6): 
801-806.

 50.  Westerlind B, Ostgren CJ, Molstad S, Midlov P, Hagg S. Use of non-benzodiazepine hyp-
notics is associated with falls in nursing home residents: a longitudinal cohort study. 
Aging Clin Exp Res. 2019;31(8):1087-1095.

 51.  Chen TY, Lee S, Buxton OM. A greater extent of insomnia symptoms and physician-
recommended sleep medication use predict fall risk in community-dwelling older 
adults. Sleep. 2017;40(11).




